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Francis G. O’'Connor, MD, MPH

“You find what you look for, and diagnose what you
know.”
—Dr. Jack Houston

The late Dr. Jack Houston, founder of the Houston Sports
Medicine Clinic and educator of many of today’s leaders in
sports medicine, is credited with the above quote, which invites
all clinicians to “think outside the box.” As a clinical educator, 1
have invoked this quote for years in an attempt to inspire primary
care sports medicine fellows and family medicine residents. My
goal is to remind them that they are limited only by their own
imagination and that, in many respects, they are their patients’
most important risk factor.

Primary care sports medicine has been a discipline practiced by
primary care providers for many years. In 1988, Tucker and
O'Bryan published that the great majority of physicians who
were field side on Friday night in New York state for high-
school football games were family physicians.! Many of us with
a little gray hair have fond memories of that first preparticipation
examination in high school being performed in a busy gymnasium
by the community family physician—the sports doc—who may
well also have delivered us.

About the same time as Tucker and O'Bryan’s study, a steady
sentiment was growing in the primary care community that addi-
tional training (fellowship) in primary care sports medicine would
be of great service to family physicians, internists, physical medicine
and rehabilitation physicians, pediatricians, and emergency medi-
cine physicians who were interested in gaining more expertise in
this area. Sports medicine fellowships soon became quite popular
and were sponsored throughout the country in academic family
medicine departments, orthopedics departments, and private prac-
tice groups. The journal The Physician and Sporismedicinebecame
a must have, with its annual issue updating fellowships across the
country.”

In April 1993, the first board examination in sports medicine,
which was a certificate of added qualification, was offered to
family physicians, internists, and pediatricians. At that time, a vari-
ety of fellowships were offered, there was no formal accreditation
process, and physicians who could demonstrate practical experi-
ence were “grandfathered” into the board examination. In addi-
tion, there was a fair amount of anxiety among the growing
number of primary care sports physicians because the discipline
had not yet been clearly defined, and there were few if any core
textbooks or published curricula.®”

Since that time the field of primary care sports medicine has
dramatically changed. Fellowships are now accredited by the
Accreditation Council for Graduate Medical Education by strict
criteria. An examinee who desires to sit for the Certificate of
Added Qualifications examination must be a graduate of an accre-
dited fellowship. Physiatrists will sit for the board examination in
sports medicine for the first time in 2007.

Hundreds of graduates abound from many fine fellowships,
and they have found excellent clinical opportunities as academic
leaders and private-practice clinicians. The American Medical
Society of Sports Medicine was founded in 1991, with the mission
being to offer a forum that fosters a collegial relationship among

Foreword

dedicated, competent, primary care sports medicine physicians as
they seek to improve their individual expertise and raise, with
integrity, the general level of sports medicine practice.® In addition,
the American College of Sports Medicine, which was founded
in 1954, inaugurated its first family physician, William O.
Roberts, MD, as College President in 2004.”

Accordingly, the written field has also changed. The discipline
now has several leading journals, as well as clinical sections in
other sports medicine journals. In addition to the journal literature,
textbooks that were rare in 1993 abound as leaders and fellowship
graduates have been quick to define the discipline. Books cur-
rently available for primary care sports medicine physicians
range in scope, from definitive texts addressing defined areas to
broad-based, evidence-based review texts to books devoted to
exploring the idiosyncrasies of field-side coverage and mono-
graphs comprehensively detailing physical examination techni-
ques. Missing in this picture, however, has been a definitive text
that seeks to identify and describe in detail the core procedures
that define the sports medicine practitioner, both in the office as
well as at the field side.

Peter Seidenberg and Anthony Beutler, both of whom are fel-
lowship-trained primary care sports medicine physicians and
accomplished clinical educators and researchers, recognized this
missing piece. They have identified the skill set, assembled a host
of talented authors, and produced a textbook that defines the
integrated cognitive and procedural approach necessary to suc-
ceed as a sports medicine clinician.

For those of us who have seen the birth and growth of the
discipline of primary care sports medicine, we remember pivotal
moments that helped to shape the specialty: board certification,
accredited fellowships, the founding of the American Medical
Society of Sports Medicine, the first family physician to lead the
American College of Sports Medicine, and key advancements
in sports medicine literature that have shaped our specialty.
Just as a Strauss or Birrer text was instrumental for the first
Certificate of Added Qualifications and a Mellion handbook was
a necessary companion for all sports physicians attending a train-
ing room, I have no doubt that this Seidenberg/Beutler Sports
Medicine Resource Manual will become a “must have” for every
graduating family medicine resident and beginning sports medi-
cine fellow as well as a cornerstone teaching text for their attend-
ing physicians.

Returning to Dr. Houston’s quotation, Drs. Seidenberg and
Beutler have been out-of-the-box thinkers, and they have truly
edited a unique manuscript that will assume a fundamental
position for sports medicine providers. I'm proud to have had a
role in their education, and I'm sure that Dr. Houston would
have admired their contribution to the field of sports medicine.

1. Tucker JB, O'Bryan JJ, et al: Medical coverage of high school football in New York
state. Phys Sportsmed 1988;16(9):120-128.

2. The Physician and Sportsmedicine home page (Web site). Available at www.
physsportsmed.com. Accessed March 27, 2007.

3. Strauss RB: Sports Medicine, 2nd ed. Philadelphia, WB Saunders, 1991.
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Birrer RB: Sports Medicine for the Primary Care Physician. Philadelphia, Appleton & 6. American Medical Society for Sports Medicine home page (Web site). Available at
Lange, 1984. www.amssm.org. Accessed March 27, 2007.
Mellion MB, Walsh WM, Shelton GL (eds): The Team Physician’s Handbook. 7. American College of Sports Medicine home page (Web site). Available at www.acsm.

Philadelphia, Hanley & Belfus, 1990. org. Accessed March 27, 2007.



“You never know how big the field is, until you try and
walk across it...”

When we sat down to design “the one sports medicine text-
book” for graduating family medicine residents and all sports
fellows, we really did not imagine creating something 650 pages
long. Sports medicine seemed a relatively simple thing, just
muscles and bones and people hurting themselves. But as we
tried to compile a single text describing the philosophy, examina-
tions, treatments, procedures, and special considerations inherent
in our daily practice, we soon gained a firsthand appreciation for
how big the field is and how long it takes to walk across it.

This is a unique text. It is largely written by primary care sports
medicine physicians for primary care sports medicine physicians.
The orthopedists, athletic trainers, physical therapists, and
other professionals who we invited to participate were chosen
because of their knowledge and also because of their proven
track records in training primary care sports medicine profes-
sionals. The authors in this book are not only experts in their
subject matter, but they also understand how to teach their subject
matter to primary care physicians. They understand it because they
do it every day. As editors, we express our sincere appreciation to
these dedicated professionals who have poured their souls into
these chapters.

The text is organized into sections that parallel the process of
sports medicine diagnosis. The opening section contains the
philosophy of sports medicine: the essential duties to consider
before even stepping foot on a sideline or seeing athletes in a
training room. Section 2 presents the history and physical exam:
how to examine and diagnose the injured athlete. After proper
examination, diagnosis and treatment are presented in Section 3.
In this section we have provided the basics of casting, splinting,
and fracture care, as well as the treatment of traditional soft-tissue
injuries. Section 4 outlines rehabilitation and bracing: the art and
science of augmenting and allowing the body to heal itself. An
overview of the myriad procedures and special tests in sports
medicine follows in Section 5. Finally, as an overarching capstone,
the appendices outline the role of exercise in maintaining health
and fitness in the pediatric, pregnant, and geriatric populations.

Preface

At the turn of the twenty-first century, evidence-based medicine
is fast becoming a cliché. However, the need to assess the
evidence that underlies treatment recommendations remains criti-
cal. It is essential to understand not only what the evidence shows,
but also what it does not show or what it has not shown yet. The
evidence base of sports medicine can perhaps best be described as
“growing.” Applying a mature evidence scale to the growing body
of sports medicine evidence would result in having nearly all evi-
dence rated a C or a 3. Rather than do that, we have tried to create
a scale that allows for and distinguishes the small study sizes typi-
cal of the current sports medicine evidence base. This text uses the
following evidence scale:

Level of evidence (LOE):
A—Double-blind study

B—Clinical trial more than 20 subjects
C—<Clinical trial fewer than 20 subjects
D—Series 5 or more subjects
E—Anecdotal case reports

Other levels of evidence (meta-analysis, consensus opinion,
etc.) are noted as such in the text.

The age of textbooks may be drawing to a close. With so many
online sources boasting up-to-date treatment recommendations
and the push to make all things digital, one might wonder how
this book will compete. Long after leeches are no longer fashion-
able for treating patellofemoral pain (that is a joke, at least in
2007D), we hope that the well-worn pages of your Sports
Medicine Resource Manual will still be a valuable physical exam-
ination review, a familiar procedure reference, and a trusted affir-
mation of sports medicine and team physician philosophy.

So, whether you are a family medicine doctor trying to review
and learn more about musculoskeletal medicine or a sports med-
icine fellow preparing to dive into your fast-paced fellowship, we
hope you find this book valuable. It was lots of fun to create, and it
was written for you.

Peter H. Seidenberg, MD, FAAFP
Anthony I. Beutler, MD



CHAPTER

The Sideline Physician

Jobn H. Wilckens, MD

KEY POINTS

- Although being well-read and technically competent are key
qualifications, engendering trust is the most important
attribute of an effective sideline physician, and participating in
the team chemistry will build that trust.

- The effective sideline physician must also be able to
communicate well: articulating and defining the issues to the
athletes, the coaches, the training staff, and the parents will
provide realistic expectations that everyone understands.

- The primary goals of the sideline physician are to manage
emergencies on the playing field and to evaluate injured
athletes for return to competition.

+ Sideline physicians should anticipate the emergencies that are
unique to each particular sport. Emergency response should be
planned for and rehearsed to include athletic trainers,
emergency medical services personnel, event support staff,
and local hospital emergency department staff.

- Same-day return-to-play criteria should include the
consideration of the safety of the injured athlete and the other
competitors, the risks and consequences of reinjury, the
effectiveness of playing hurt, and the consequences that may
affect ultimate healing.

INTRODUCTION

Athletics (i.e., playing sports) represents an important part of our
society (Figure 1.1). In its purest and simplest form, it gives par-
ticipants an opportunity to compete with others and themselves
and to develop cardiovascular fitness, strength, and agility, which
are seen as positive factors for a productive and long life. It also
teaches teamwork, encourages development of a work ethic, and
prepares individuals for the hard knocks of life. However, partici-
pation in athletics also involves the risk of injury, which is greatest
during actual competition, be it youth soccer or a professional
sport. Because of this risk, the profession of sports medicine has
evolved to make athletics as safe as possible. The ultimate sports
medicine participation is as the sideline physician during games,
when the risk of injury is the greatest.

The sideline is a daunting place in which to practice medicine
(Figure 1.2). First, the sideline physician does not have the

comforts and amenities of the “ivory tower” office, with its
receptionists, nurses, ancillary technicians, and easily accessible
diagnostic tests and imaging. Second, the sideline physician is
expected to evaluate an injured athlete, make the correct
diagnosis, treat the condition, and return the athlete to optimum
performance, immediately if not sooner! Evaluation of the
injured player often takes place without the privacy of an
examination room or the option of undressing the patient: the
sideline physician may have to examine, in front of 80,000
screaming spectators, an athlete who is dressed in a uniform
and bulky protective equipment and who is out of breath and
writhing in pain. After the diagnosis is made, the coaching staff,
the fans, the athlete, and even the parents of the athlete expect
the sideline physician to treat the condition and return the athlete
to play. In the office, that evaluation and discussion about the return
to play allows for dialog and education; there is no such luxury on
the sideline.

To define the roles and responsibilities of the sideline physician,
this chapter offers not evidence-based medicine, but “eminence-
based” medicine, presenting the art of sideline “physicianship”
gleaned from years of experience working with respected team
physicians, trainers, and coaches. Technically speaking, the terms
team physician and sideline physician incorporate different con-
cepts. The team physician takes care of the day-to-day medical
needs of the team and is responsible for preparticipation evalua-
tions, training rooms, scheduling referrals for medical conditions,
and return-to-play timelines. However, he or she may not be on the
sideline because of conflicting commitments. The sideline physi-
cian is the medical expert who is “on the scene” during the game.
The role of the sideline physician is best fulfilled by the team phy-
sician because of the inherent knowledge of the players and related
personnel and because the physician has the trust and confidence
of both. However, many times the sideline physician may not have
any formal connection with the team, thus making the job of caring
for injured players even more difficult. No matter how competent
the physician, without those relationships, the job is harder.
Because the team physician and the sideline physician are most
often one and the same, the terms may be used interchangeably,
assuming that relationship.

REQUIREMENTS AND RESPONSIBILITIES

As in clinical medicine and athletics, preparation is critical to the
success of the sideline physician. In addition to having a broad
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Figure 1.1 A physician (right) attends to an athlete with a dislocated finger.

knowledge of all aspects of sports medicine, the sideline physician
needs to understand the specific sport within which he or she is
working; to be familiar with the patterns of injuries and possible
emergency conditions that are unique to that sport; and to develop
a trusting, working relationship with all members of the team and
its staff.

Sport-specific knowledge

Understanding the sport prepares the physician for the sideline.
Previous participation in that sport by the physician is helpful for
but not critical to understanding the sport. Each sport has a unique
constellation of injuries, and the effective sideline physician will
be familiar with them. Because the sideline physician is at the
scene, he or she is in a unique position to witness the injury,
which provides important information for the clinical examination.
However, such information offers another advantage: it permits
the sideline physician to make recommendations for rules modifi-
cation in an attempt to make the sport safer. The most profound
advances in sports medicine are not surgical techniques but rather

Figure 1.2 A ringside physician at the 2003 USA Boxing National
Championships.

injury prevention. Injury surveillance is an important responsibility
of the sideline physician.

Just as each sport has a unique constellation of injuries, it also
has unique emergencies. The single most important responsibility
of the sideline physician is to be able to identify and treat emergen-
cies rapidly and appropriately. The knowledgeable sideline physi-
cian can anticipate and plan for such emergencies, and, more
importantly, he or she can arrange for the rehearsal of such emer-
gencies and the necessary responses. For example, the time to learn
how to use a spine board or to discover that a player on an oversized
backboard cannot be accommodated in a helicopter’s patient bay is
not on game day. To avoid such dangerous (and embarrassing)
moments, it is essential to conduct planned drills for potential emer-
gencies. Although it is critical to rehearse and assign responsibilities
to the training staff on the field, such rehearsals also need to include
local emergency medical technicians, event medical staff, and local
emergency department personnel.

The sideline physician also needs to consider that the athletes
are not the only individuals who are at risk for injury during a
game. The officials represent a special group that is at risk for
injury because—except for the home plate umpire in baseball—-
most wear no special protective equipment even though they are
on the playing field. In addition, many are older and not as con-
ditioned or as quick as the athletes they are regulating. There is
also a risk of injury to the sideline participants, the coaching staff,
the officiating staff, other players, injured players, photographers,
media personnel, mascots, and of course to the most susceptible
person: the one with his or her first sideline pass. The edges of the
field of play can be a dangerous place because contact does not
always end at the sideline. Of athletes crossing the perimeters of
the playing field, 93% extend up to 12 feet past the boundaries,
although approximately half (59%) travel less than 6 feet." At the
collegiate and professional levels, 10% of the out-of-bounds ath-
letes travel more than 12 feet.! The athletes are wearing protective
equipment, but the sideline personnel are not. Athletes are focused
on the action, whereas sideline personnel may be distracted by
taking pictures, talking on headsets, and so on. Although seasoned
sideliners are usually cognizant of this extended potential injury
zone, new sideline spectators and injured players may not be
aware of the risks. The sideline physician can guide personnel
away from a developing play. It is much easier to prevent an
injury than to treat one.

Relationships

To be a good sideline physician, one has to be a good team
physician. As such, one’s effectiveness is based not only on med-
ical and sports knowledge but also on relationships with the ath-
letic trainers, the athletes, the coaching staff, the athletes’ parents,
and the team’s administrative personnel. Those relationships
are best built on trust, and trust develops from establishing the
fact that the sideline physician is a team player who understands
the mechanics, personalities, and needs of the team; who has the
athletes’ best interests at heart; who embraces and supports the
mission and vision of the team; and who shares a common bond
with the team. When it is clear that the team’s and the athletes’
interests are above those of the physician, then the coaches and
other personnel will be more willing to accept and comply with
the physician’s decisions—not only the easy ones but also the
difficult ones that may affect the outcome of the competition.
Many times, building this relationship means going to the training
room and the athletic field on a regular basis, not just to see injured
athletes, but also to understand the sport and to participate in the
team effort. Athletics is all about teamwork. A great technical sur-
geon or a compassionate, well-read physician does not always
translate to an effective team physician. A physician’s competence
is, of course, respected, but he or she will not gain the team’s



confidence and trust until he or she demonstrates participation in
and identification with the team. Participation in the team’s chem-
istry will facilitate the building of that important trust. The purpose
of the sideline physician in this scenario is the team’s success
rather than his or her practice marketability.

The most crucial relationship is the one with the athletic trai-
ners, and the time invested in building that relationship is time well
spent. These hardworking, talented providers are an important
resource because they know the athletes and the coaches well.
Not only during the game but also during practice and the sur-
rounding time in the training room, they are the sideline physi-
cian’s eyes and ears. A seasoned athletic trainer is a blessing:
he or she can triage and manage the injured athletes effectively,
and he or she can also represent the physician to the coaching
staff, translating medical terminology into coaching terminology.
Alternatively, a young, inexperienced athletic trainer also can be
an opportunity: the physician will need to be more hands-on with
regard to the medical management of the team, but the athletic
trainer will be responsive and eager to learn.

Communication with the training staff is critical for the team
physician, and rehearsing scenarios and practicing emergency pro-
tocols will identify opportunities to improve communication and
thus the medical care provided. Much of the physician’s direct
involvement depends on the quality of and the trust in the training
staff. If there are deficiencies in the training staff, they need to be
addressed and improved. With young staff, the physician really has
to take a hands-on role during the game. A seasoned and veteran
staff may relieve the physician’s anxiety somewhat, but effective
communication still is required.

Team practice

Visits by the physician during team practice allow for visibility
and the ability to meet with all members of the team without the
distraction of actual playing conditions. Getting to know the athletes
and coaches in this less stressful environment can provide impor-
tant clues to each athlete’s profile. For example, some athletes are
very stoic, and only knowledge of that fact will permit the correct
interpretation of a subtle finding as the indication of a substantial
injury. Other athletes are “high maintenance” and require a lot of
attention even with minor injuries. It is helpful to know this informa-
tion before game day. Again, understanding the team is important. A
team may have some positions that are deep in talent and for which
the loss of one player is not critical to the team’s success. Other
athletes are “franchise players,” and an injury that takes such a
player out of the game can alter the whole team’s structure, char-
acter, and chance of success. In addition, some athletes are impact
players who can play at 80% capacity and still contribute, whereas
other injured players who can function at 95% capacity (e.g., a
quarterback with a finger injury or turf toe) will not be able to
help the team at all. Such information is gleaned only after spending
time with and developing a bond of trust with the team, the trainers,
and the coaches. The importance of this bond of trust between the
physician and the team cannot be overemphasized. It is built and
earned, and it is the means of equipbing and preparing the physi-
cian and the team for the difficult decisions that must be made on
the sideline during competition.

Pregame considerations

To maximize effectiveness, it is critical that the physician command
and control his or her schedule to allow adequate time to cover the
sporting event properly. This coverage means that the physician
must end clinics, office hours, and surgery schedules well in
advance of game time; he or she must not be saddled with on-
call responsibilities; and he or she must have a plan in place to
direct his or her office staff, colleagues, midlevel providers, and

Requirements and responsibilities

nurses to handle emergencies that may occur during the sporting
event.

The sideline physician must arrive with or before the team
because his or her responsibilities begin well before the opening
whistle or the first pitch. If the physician is traveling with the team,
arriving with the team is easy. For home events, arriving with the
team is more difficult because of potential conflicts with family and
practice priorities. Getting there before the team ensures timely
arrival and less hassle with traffic, parking, and credentials. In
addition, since the physician’s last visit with the team, an athlete
may have become ill, thus making playing status questionable;
also there may be several “wait-and-see” injuries that need to be
reevaluated. Arriving early can allow for early intervention, with
improved chances for the athlete’s participation in the game; it can
also permit coaches to make last-minute adjustments to their game
plan and roster.

In addition to caring for the “home” team, the sideline physi-
cian may also need to care for the visiting team, which may not
have a traveling physician. This is a courteous and responsible
gesture: seeing the visiting team, staff, and families also sets a
precedent that may be reciprocated if the situation is reversed. If
the visiting team has a physician, it is still appropriate for the home
team’s physician to meet him or her early before game time to
review emergency protocols and the available medical facilities.

Arriving early also allows the physician to visit and meet with
the stadium support staff, the referees, the umpires, and other
event administrators, presenting another opportunity to establish
or confirm the trust relationship. Not only is it a warm gesture, but
doing so also provides an opportunity to review with the training
staff emergency equipment, their location, and protocols. During
the game, these individuals may require the physician’s services,
services that can be facilitated by previous acquaintance.

As a visiting team physician, it is important to search out
the emergency medical services staff and home medical staff.
Although the team may have played in a certain venue before,
things can change that may have an impact on decisions on the
field, such as radiology capability, the closest emergency depart-
ment, and magnetic resonance imaging availability. The visiting
sideline physician should become familiar with the local emer-
gency protocols. It is wise to remember that the responsibility of
being the team’s physician is applicable not only to injured players
during the game but also until that player reaches home, which
may include a long aircraft ride.

Dealing with an ill athlete on game day requires the physician’s
early presence at the field. In brief, a low-grade fever can be
treated with hydration and acetaminophen. If symptoms are lim-
ited to the upper respiratory tract, the player can be allowed to
warm up. If he or she feels better, the athlete can be allowed to
compete. If the athlete has general malaise, body aches, gastro-
intestinal symptoms, and fever, then more caution about playing
should be exercised. Strenuous activity can make some viral ill-
nesses more virulent and protracted.? It should be pointed out to
the coach who insists on the sick player being available that there
are serious drawbacks to this plan of action: (1) The illness is
contagious and may inoculate other team members through
shared water bottles, towels, and contact; (2) sick athletes are
not as effective as well ones and have reduced strength, energy,
and endurance; and (3) sick athletes are prone to making mistakes
and incurring injury, thus increasing their downtime. This recom-
mendation by the physician may be more palatable to the coach-
ing staff if they have confidence and trust in that physician.

Always a subject of controversy is the role of precompetition
injections, particularly cortisone and ketorolac (Toradol). These
injectables have a use and should be included in the team physi-
cian’s sideline medical bag, but their routine use before competi-
tion is challenged. Injury and pain are part of athletic competition:
hence the role of the team physician. However, pain has some
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salvific value in that it helps identify and protect an injured body
part. Eliminating that pain can lead to additional injury and delayed
full recovery. Cortisone is an effective anti-inflammatory drug,
but it can soften and weaken the soft tissues that it contacts.
Ketorolac is an injectable nonsteroidal anti-inflammatory drug
and a potent analgesic. In addition to potential injection-site pro-
blems, it may mask an injury, it can affect platelet function and
bleeding, and it poses a small but identifiable risk to renal func-
tion.® This risk may be increased among athletes who are taking
supplements.

Each team physician must make his or her own decision about
the use of injectables before and during competition. The physi-
cian must carefully weigh the risks and benefits to the patient
athletes, and he or she must make a decision that he or she can
defend in court and sleep with at night. Some issues to consider
are, for example, what happens if a pitcher requests and receives a
pregame injection, the game is then cancelled, and he is scheduled
to pitch the following day? Does he receive another injection? Is it
safe? Also, if such an injection is offered to one player, is it then
available to all on demand? Some physicians use pregame ketor-
olac for athletes without any symptoms, and other physicians
refuse to use it at all. There are two situations in which this
author would consider using a precompetition injection: an acro-
mioclavicular separation and a hip pointer. These two conditions
can be quite painful and limit one’s ability to compete because of
pain alone. Injecting the acromioclavicular joint or hip pointer with
xylocaine/bupivacaine will allow an athlete to warm up without
pain and see if he or she can play effectively.

In the absence of a definitive sports-wide ruling on this issue,
the decision about the use of injectables before or during competi-
tion is the physician’s personal preference. That decision should
be made well in advance of game day, and it is important to
communicate that decision clearly and specifically to athletes, coa-
ches, and training staff. If the line is clearly drawn and commu-
nicated, the team may test it but will ultimately respect it. If the
communication is not clear, then there may be an endless barrage
of requests for injectable medication.

The physician should take an active role in the team’s warm-
ups so that he or she can watch and individually assess those
athletes who are ill or injured. In addition to observing, the phy-
sician should not hesitate to communicate with the athlete or his or
her position coach; this communication should be done not to
interfere with the pregame preparation but rather to share aware-
ness of the situation, which can build trust and confidence. In all
communications with the training staff, athletes, and coaches, it is
important to support the overall mission of the team. There will be
risks with any decision; they should be communicated clearly, and
the good coaches will understand. Just because it is safe for an
injured or ill athlete to play does not mean that he or she will be
effective or provide a good quality of play.

No sideline physician’s preparation is complete without a
thoughtfully stocked “sideline physician’s bag.” Recommendations
are available regarding what kind of medication and equipment
should be in such a bag,” but two practical points should be
taken into consideration: (1) There is no reason to stock the bag
with unfamiliar medication or equipment that the physician
is unable to use, and (2) the bag needs to be well organized so
that the physician can find a needed item quickly and so that he or
she can also direct someone else to retrieve it while he or she is
attending to an athlete (see Chapter 3 for specifics regarding the
physician’s bag).

Game-time position

The physician exists on the sideline for two main reasons: (1) to
provide medical care in the event of an emergency, and (2) to
assess an athlete’s ability to return to competition after an injury.

The sideline physician should not let any other task interfere with
these two priorities, and he or she should position himself or
herself to be in full view of the entire playing field. Many injuries
can occur away from the action, so the sideline physician should
not just follow the ball. Pacing the sideline will allow one to assess
players as they come off of the field. In addition, the sideline
physician has a responsibility that requires great attention to
detail, and he or she must not be distracted with the emotion,
the drama, and the rush of competition.

MEDICAL CARE

These game-position concepts frame this author’s philosophy
about the participation of the sideline physician in the on-field
evaluation of an injured athlete: The physician belongs on the
sideline—not on the field—except for during certain specific cir-
cumstances (described later). Although this stance is controversial
and may not represent what happens every weekend on televi-
sion, the team physician has a limited role on the playing surface.
The training staff are the first, and usually the only, responders;
most calls for medical assistance on the playing field are not emer-
gencies. The training staff should be trained to evaluate the injured
athlete; the physician involved in this initial evaluation only com-
plicates and delays the process (with a few notable exceptions,
outlined later). A system that works nicely is to have the head
athletic trainer and an assistant be the first responders. After the
trainers are on the field, regardless of which team is involved, the
sideline physician can take two to three steps onto the playing
field to be in full view of the trainers on the field and to observe
what is happening. The trainers will then signal if they need
physician assistance. This process allows the physician to collect
his or her thoughts and to anticipate the worst-case scenario on the
field. Typically, during those first few seconds, the trainers will try
to relieve the anxiety and agitation of the injured athlete and keep
the athlete on the ground until a primary assessment can be
obtained. Talking to the athlete assists with the assessment and
focuses the athlete on reducing his or her agitation. Asking the
athlete to move an injured extremity will provide substantial
basic information.

On-field physician examinations

Each downed athlete does represent a possible medical emer-
gency, and, for these notable exceptions (possible spine injury,
lower extremity dislocation, fracture—dislocation, and unstable or
open fracture), the physician should rush onto the field.

Spine injury/loss of consciousness

If there appears to have been a spine injury or a loss of conscious-
ness, the physician is needed for the execution of the emergency
protocol. Typically, an athlete with a spine injury lands face down,
and a quick and systematic stabilized rollover is needed to assess
the athlete. The physician should stabilize the neck and direct
the spine management protocol as practiced. Any athlete who
loses consciousness should be treated as having a spine injury
until the athlete regains consciousness and a spine injury can
be ruled out. It is critical in sports that require helmets and
shoulder pads (e.g., gridiron football, lacrosse, hockey) that this
equipment is left in place for the assessment and transportation
of the potentially spine-injured athlete. Removing the helmet
with the shoulder pads in place causes increased neck extension.
In addition, the helmet typically has a snug fit, and it can
help immobilize a sweaty head to the spine board. If an airway
needs to be established, remove the facemask and leave the
helmet on’ (see Chapter 5 for a full discussion of emergency
procedures).



Lower-extremity dislocation, fracture—dislocation, and
unstable or open fracture

The physician needs to be on the field for the initial management
of lower-extremity dislocation, fracture—dislocation, and unstable
or open fracture, all of which may require a gentle reduction,
immobilization, or both before transport off of the playing
surface. The actual reduction of a displaced fracture, dislocation,
or fracture—dislocation should be attempted only by personnel
who are adequately trained to do so. A simple reduction by
gentle exaggeration of the deformity, followed by in-line traction
and correction of the deformity, can reduce most displaced frac-
tures and dislocations; however, an improperly performed
reduction can cause more injury. If the extremity becomes
cyanotic and is pulseless, a reduction maneuver is indicated,
regardless of physician experience. After he or she has been
splinted, the athlete should be transported off the field by vehicle
(i.e., by a modified golf cart [“gator”]); these athletes are usually
big and sweaty, and there are possible adverse environmental
conditions that make transport by stretcher difficult, painful, and
dangerous.

Injury clock

Finally, if there is an injury clock (e.g., as in wrestling or lacrosse),
immediate involvement of the sideline physician will save valuable
time with regard to the assessment and the availability of the
injured athlete.

Sideline events

Nonemergencies

For nonemergencies, the training staff’s on-field examination of an
injured knee, ankle, or shoulder will be repeated on the sideline
under more favorable circumstances. No physician can effectively
examine an injured athlete in full uniform on the playing field
while under the observation of both teams, officiating staff, tens
of thousands of fans (via the JumboTron [scoreboard]), and possi-
bly a television audience (and lawyers). To do so is to create a
flawed examination with little ultimate value. In addition, the
patient is usually still in extreme pain and thus cannot cooperate
with a thorough examination.

Emergencies
Fortunately, medical emergencies are very rare among young ath-
letic individuals, but they do exist, and the sideline physician
should think about each one in advance and develop a strategy
for addressing the injury in accordance with sound medical judg-
ment and the standard of care. Although specific emergencies are
topics of other chapters, a short discussion is in order to frame
them for the sideline physician.

The management of all emergencies, whether on the sideline or
in the emergency deganment, starts with the ABCs: airway, breath-
ing, and circulation.

Respiratory distress/stridor When evaluating the downed ath-
lete, an airway needs to be established. Again, unconscious ath-
letes should be assumed to have a spine injury, and appropriate
precautions should be taken with gentle in-line traction. A jaw
thrust should establish an airway. Check for tobacco, chewing
gum, and broken teeth, all of which represent potential obstruc-
tions to an airway. The mouthpiece should be removed. If an
airway cannot be established, the physician must insist on the
early activation of the emergency medical system. Helmets
should be left in place, but faceguards should be removed.
Direct trauma to the laryngeal area (e.g., a direct blow to the
larynx by a ball, puck, stick, or opponent) represents an acute
airway emergency.” If an athlete is unable to talk and demonstrates
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respiratory distress, immediate plans should be formulated to
establish a surgical airway.

Other causes of stridor and respiratory distress in the downed
athlete include pneumothorax (patients usually can talk but are
short of breath and tachypneic), tension pneumothorax (usually
manifests as a more emergent shortness of breath and deviation of
the trachea; usually treated with a thoracotomy on the side away
from the deviation®), and posterior sternoclavicular dislocation
(characterized by stridor, shortness of breath, or difficulty swallow-
ing”). Loose bodies lodged in the airway can be displaced with a
well-executed Heimlich maneuver. Respiratory distress can also
occur as a result of acute anaphylaxis from medication, food, or
an insect bite; injectable epinephrine should be immediately
available."”

Cardiac arrest Cardiac arrest is rare during athletic competition.
However, for those competitions involving patients who are more
than 30 years old, cardiac disease is the most common cause of
sudden death. Among younger patients, cardiac arrest may occur
from a variety of causes, including congenital anomalies and struc-
tural, vascular, or conduction defects. Many attempts have been
made to screen for these conditions. The most sensitive predictors
seem to be a family history of sudden death and syncope with
exercise. Athletes with either of these red flags require at a minimum
that the family history be evaluated and an electrocardiogram and
echocardiogram be obtained.” Drug abuse—specifically cocaine—-
can lead to cardiac irritability and sudden death. Another cause of
cardiac arrest among young athletes is commotio cordis.*! A young
athlete typically is struck with a batted baseball, a thrown lacrosse
ball, or a hockey puck to induce this condition. If an automated
external defibrillator is available, these patients usually can be
shocked and resuscitated. Without an automated external defibril-
lator, cardiopulmonary resuscitation should be initiated.

Neck pain The athlete with neck pain represents a particularly
urgent sideline encounter. Many times the athlete is ambulatory,
has mild neck pain, and is adamant about returning to play. If the
athlete has pain, cervical muscle spasm, reduced range of motion,
or neurologic findings, the discussion should not focus on return
to play but rather on what type of immobilization, transportation,
and imaging should be done urgently.'

Burners and stingers The burner or stinger (i.e., transient
brachial plexopathy) represents another difficult decision for the
sideline physician. A thorough neck and neurologic examination
should be made. Any athlete with continuing symptoms should
not be allowed to return to play. If symptoms clear completely
during the game, consideration can be given to return to play.
Athletes and concerned parties should understand that a recurrent
stinger is very common. If the athlete has had a recurrent
stinger, he or she can return to play that day only if symptoms
have resolved, if he or she has had fewer than three previous
stingerls%, and if those previous symptoms resolved in less than 24
hours. ™

Bleeding Bleeding is common in athletics and may not represent
an emergency. However, as a result of blood-borne pathogens
(including the human immunodeficiency virus and hepatitis),
most governing athletic authorities have specific guidelines for
handling the bleeding athlete.” The sideline physician should be
familiar with the recommendations set forth by the governing body
of the event that is being covered. In general, the bleeding needs
to be stopped and covered. Blood-soaked equipment and uni-
forms should be cleaned, covered, or changed to prevent possible
blood-borne disease transmission. Although contracting a blood-
borne disease under these conditions is a rare possibility, it repre-
sents an emotional issue.
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Infectious diseases aside, actual bleeding becomes an impor-
tant issue when it occurs near the face because it may interfere
with the athlete’s vision. The area around the orbit of the eye is
vascular, and lacerations in this area may generate enough bleed-
ing to make vision difficult. For example, in boxing, if an athlete
cannot see, he or she cannot compete effectively or defend himself
or herself adequately against the opponent.

Most bleeding responds to direct pressure. If there is urgency to
returning the athlete to competition, a pressure dressing should be
applied. As a rule, the physician should refrain from definitive
wound closure on the sideline. Most wounds require irrigation
and anatomic closure, which is difficult to achieve in this setting.
After the competition, when conditions in the training room or the
emergency department are more conducive to definitive treatment
with appropriate lighting, irrigation, local anesthetic, sutures, and
equipment, lacerations can be sutured. If appropriate conditions
do not exist, the injured player should be referred to a place in
which those conditions are met. For wound closure, the physician
should use suture material that is of sufficient strength to withstand
additional trauma but that is also small enough to effect a cosmetic
closure. Although Dermabond represents technology with which
to close most wounds effectively and cosmetically, its ability to
withstand repeat trauma is unknown, and it is difficult to apply
to the sweating athlete. The physician should become familiar with
its storage and handling requirements because it will not work
above a certain temperature.

Head injuries Head injuries are extremely difficult to examine
and monitor, and they have been the cause of many shortened
athletic careers, even professional ones. These injuries affect not
only athletic competition but also employment, relationships, and
activities of daily living. In addition, the brain is very sensitive to
reinjury. To date, there is no sideline device with which to assess
and definitively treat head injuries; the Standardized Assessment of
Concussion (SAC) represents an early attempt at such a device. '
However, to have worth with regard to validity, the test must be
administered during the preseason, and the recorded score must
be available on the sidelines. After a player is concussed, the SAC
can give some insight into the brain injury. If the score is lower
than baseline, it is clear evidence for keeping the athlete out of
competition. Alternatively, a similar SAC score is only suggestive
evidence, and it may underrepresent the injury. In this scenario,
the physician’s knowledge of the athlete will provide valuable
information about his or her personality, responsiveness, and
mood. The more unfamiliar the physician is with the athlete, the
more conservative the assessment should be.

There are many criteria and classification systems for closed
head injuries, and each has its own strengths and weaknesses.
The sideline physician should become very familiar with one
system and use it as a guide for treating closed head injuries.
Decisions to play or to not play a concussed athlete should be
articulated with a classification system that is appropriate for the
physician’s clinical acumen. The physician should refrain from
modifying, mixing, and matching classification systems.

The real emergency that can occur when allowing concussed
athletes to play is reinjury and the “second impact syndrome.” This
neurologic emergency has a 50% mortality rate'” and appears to
be more prevalent among young and adolescent athletes. The
potential for autonomic deregulation can exist for up to 30 days
after a closed head injury. In general, there are very few circum-
stances in which a concussed athlete should be allowed to return
immediately to competition.' 16,17

Heat injury Heat injury represents a potential emergency (Figure
1.3). Usually poor play from heat injury will force the athlete to the
sideline long before the risk of heat stroke. Physicians should be
sensitive to the temperature and humidity. Treatment begins the

Figure 1.3 A medical team attending to a marathon participant who
suffered exertional collapse.

night before with forced hydration and liberal use of salt. For
heavy sweaters with a history of heat cramps, additional electrolyte
solutions can be used precompetition. During competition, the
liberal drinking of water and sports drinks should be encouraged.
(Particular attention should be given to the officials to make sure
that they are adequately hydrated.) If the athlete begins cramping,
passive stretching will help break the spasm. However, after
cramps start, the athlete is probably a couple of liters behind,
and it will be difficult to catch up with oral hydration alone.
Such athletes typically respond well to intravenous hydration
(for healthy athletes, 1 or 2 L of normal saline), which is best
done in the training room. Again, prevention is the best treatment:
heavy sweaters should be identified, and fluids should be pushed.

RETURN-TO-PLAY DECISIONS

As discussed, on-field emergencies trigger protocols that just
require execution. A broken bone or a torn anterior cruciate liga-
ment represents a severe injury, but the decision about return to
play is simple. In reality, the more minor the injury, the more
consuming it is for the sideline physician because a decision
must be made whether or not to return the athlete to competition.

General criteria

Same-day return-to-play criteria are extremely subjective, and they
depend on the age and skill level of the athlete, the injury
sustained, and the type of sport being played. Common sense
represents an important element of this type of decision making,
and the following thoughts should be taken into consideration
(Figure 1.4):

1. Will clearance to play be safe for the injured athlete? Is the
athlete at increased risk of injury because of his or her injury
or illness? What are the risks of reinjury? What are the con-
sequences of reinjury?

2. Will clearance to play be safe for the other competitors?
Sometimes an athlete can return to competition with a
splint, brace, or cast. Although doing so may protect the
injured player and his or her body part, can it injure an oppo-
nent or teammate?

3. Can the athlete compete effectively? Many injuries can be
treated and return to play can be safe, but the athlete is less



| RLLLLE

i mrrseooosas g

Figure 1.4 A sports medicine team gathers around an athlete to discuss
the plan for safe and effective return to play.

effective. A sprained ankle may be adequately taped and
braced and the athlete considered for return to play, but lost
agility and speed inhibit the athlete’s ability to perform. This
situation may be obvious for skilled players, such as running
backs, but particular concern should also be shown for those
athletes whose speed and agility is not showcased, such as
interior linemen. “Losing a half step” may not be so obvious
on the sideline, but in the trenches, a loss of quickness in one
player can put the whole backfield at increased risk.

4. Although the athlete can play safely while hurt, will contin-
ued play affect healing and his or her later ability to play
effectively? For example, a pitcher with a high pitch count
who is throwing well but with pain may win that game but
pitch less effectively for the rest of the season.

In addition, athletes perform at high levels of skill. Subtle
changes in their performance, such as lost velocity or accuracy
in pitching, may signal fatigue, be a harbinger of an impending
injury, or both.

The sideline physician should be aware of the context of the
injury. He or she may need to inform the athletes, the coaches, and
the parents about the risks and benefits of playing injured or ill. In
addition, an injury that occurs at the beginning of the season may
have a different solution than one that occurs during the last game
of the season.

As a general working guideline, some basic principles can be
applied to evaluating the injured athlete and determining the appro-
priateness of return to play. First, the injured part should have a
functional (although not necessarily full) range of motion. Second,
athletes should have protective strength. Again, an injured part may
seem weaker because of the injury or as a result of pain. If the
patient is allowed to return to play, the strength of the injured part
should be adequate enough to function and to provide protection.

For lower-extremity injuries, a simple “hop test” will help with
the decision making. After the evaluation of a strain or sprain is
performed and the injury is treated, if the athlete expresses a desire
to return to play, the sideline physician can ask him or her to hop
or jump on the uninjured leg three times to provide an idea of the
injured leg’s preinjury ability. Next, the athlete should hop three
times using both legs, and the physician should watch to see if the
athlete favors the injured leg; this two-leg hop also will give the
athlete some gradual confidence. Then, the athlete should hop on
the injured leg. If the hop on the injured leg is adequate, the player
can try to assume the playing position, attempt some jogging, and
then make an effort to run. If these responses are acceptable, a
sideline agility test is performed. If the physician is convinced that

Return-to-play decisions o

the athlete is safe to play, then the decision to play rests with the
position coach, who determines the athlete’s effectiveness.

Some decisions regarding return to play are difficult. The
injured athlete may be an impact player whose presence may be
critical to the outcome of the competition. Again, decisions about
athletes with major injuries are easy: they cannot return to play.
However, with some injuries, the athlete can play, but he or she
has limited effectiveness and may be exposed to a greater risk of
reinjury. As best as he or she can, the sideline physician needs to
spell out the risks, and preestablished trust will go a long way in
this situation. Some injured players have significantly affected the
outcome of a contest. However, how many more have not? How
many never return to their previous level of play? A good litmus
test for the sideline physician is to ask himself or herself if this
athlete would be allowed to return to play if he or she were the
physician’s son or daughter.

Specific anatomic area

Ankle

Ankle injuries—particularly sprains—are very common sporting
injuries. In fact, when evaluating the athlete, it may be difficult to
determine whether the observed laxity is acute, chronic, or acute in
the presence of a chronically unstable ankle. Swelling suggests
acuteness. Although some ankle sprains can be braced or taped
sufficiently to allow return to competition, it is the responsibility
of the sideline physician to be sure that the athlete does not have
an ankle fracture. In Canada, the Ottawa criteria'® were developed
to allow emergency department medical staff to triage ankle injuries
and to eliminate the obtaining of unnecessary radiographs for ankle
sprains without missing an ankle fracture. The Ottawa criterion for
an ankle radiograph after acute injury is tenderness to palpation,
specifically over the medial malleolus, the lateral malleolus, or the
proximal fifth metatarsal. Tenderness over any of these regions
suggests fracture and requires a radiograph. If there is no tenderness
over these bony landmarks, even with substantial local soft-tissue
swelling and generalized tenderness, radiography is not indi-
cated.” Recently, at West Point, the Ottawa criteria were validated
for use during the evaluation of athletic and training injuries.*’

Some ankle sprains are “bad actors” and may require pro-
longed rehabilitation before the injured player can return to
play; early return to play may delay eventual healing. Athletes
with ankle sprains associated with a deltoid injury or a syndesmo-
sis injury should not immediately return to play. If the ankle has
medial swelling, tenderness just below the medial malleolus, or
tenderness between the distal tibia and fibula (the syndesmosis),
then the ankle should be iced initially and protected with immo-
bilization and non—weight-bearing restrictions.

If an athlete sustains a minor ankle sprain and is not prophy-
lactically braced or taped, he or she should be given an opportu-
nity for taping, bracing, or both and evaluated for return to play.
If the ankle is already taped or braced and the athlete wears a
cleated shoe, the ankle and shoe can be “spatted” with tape over
both the ankle and shoe to provide more stability. If the athlete is
still symptomatic, the ankle may need to be retaped or braced
before evaluation for return to play.

If the decision is made to not return the athlete with an ankle
sprain to competition, the ankle should be iced and elevated. This
early treatment may allow for quicker recovery from this injury.

Knee

Examining the knee on the field with the athlete in full gear is
difficult. In addition, the athlete is typically still in too much pain
for a proper examination. Transporting the patient to the sideline
allows for a complete systematic evaluation of the injured and unin-
jured knee. From the history and mechanism of a knee injury, the
sideline physician usually has a good idea of what may be injured.
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It is best to examine the injured structure last. It hurts less that way,
and the “bad news” comes last, thus keeping the athlete focused on
the examination. The sideline examination represents a golden
opportunity to obtain a sensitive examination. The first bout of
pain from the injured structure(s) is gone, swelling has not occurred,
and the adrenaline of the competition is still present. Most athletes
will be comfortable with a complete examination. An hour later, the
same examination would be more difficult.

If the knee is stable and no injury is identified by the sideline
examination, the knee should be observed for a short period (10 to
15 minutes) for swelling. If no swelling occurs, the player can try to
return to play.

Knee injuries are common and range from simple contusions to
complete dislocations. The medial collateral ligament is commonly
injured from a contact or an impact to the lateral aspect of the knee,
which produces a valgus stress on that ligament. If on examination
the athlete has medial collateral ligament laxity from a noncontact
injury, the physician should suspect an associated anterior cruciate
ligament injury. Isolated lateral collateral ligament injuries are rare;
they are usually associated with a cruciate ligament injury. With
lateral collateral ligament injuries, the physician should check for
peroneal nerve function. The anterior cruciate ligament is com-
monly injured via a noncontact mechanism, with the athlete recal-
ling a “pop.” The Lachman test is the most sensitive test for this
injury. In addition to eliciting the amount of translation, the quality
of the end point can suggest an anterior cruciate ligament injury.
The posterior cruciate ligament is most commonly injured from a
direct blow to a flexed knee, and it is best evaluated with a posterior
drawer test. Any one of these ligamentous injuries probably pre-
cludes return to competition that day. In addition to pain and swel-
ling, the knee is unstable, even with bracing and taping, which
precludes running, pivoting, or jumping.

Other acute knee injuries include a patellar dislocation, which
usually occurs from a twisting maneuver with the knee straight. A
dislocated patella usually self-reduces, but if it does not, the knee
can be extended, and gentle lateral to medial pressure on the
patella should reduce it easily.

Meniscal injuries can occur with a knee ligament injury or in
isolation. Athletes describe the knee as being “tweaked” with a
contact or noncontact mechanism. These injuries have delayed
swelling.

Any of the above injuries precludes return to play. The knee
should be packed in ice and immobilized, and the athlete should
be transported to the training facility or the bench.

Shoulder

The three most common traumatic shoulder injuries are clavicle
fracture, acromioclavicular joint separation, and shoulder disloca-
tion. Athletes with these injuries can usually walk off of the field.
Palpating the clavicle, the acromioclavicular joint, and the shoulder
under the jersey and pads can help with the preliminary diagnosis,
but the shoulder is best evaluated with the jersey and equipment
off. Players with a clavicle fracture should be examined for possi-
ble pneumothorax and neurovascular injury. The injured arm
should be placed in a sling, and ice should be applied to the
fracture site.

Acromioclavicular joint separations have varying degrees of
severity, but they are all painful. These injuries are also treated
with ice and a sling. Most of these injuries preclude return to
play, but under unusual circumstances, a grade 1 or 11*" acromio-
clavicular joint separation can be injected with an anesthetic and
the prominence over the acromioclavicular joint can be padded for
relief in an attempt to return the athlete to play.

The shoulder is the most commonly dislocated major joint.
Athletes complain of having a “dead arm” and being unable to
touch the opposite shoulder. These dislocations can be reduced
with gentle traction and relaxation without medication, which is

best done in the training facility or the locker room with the ath-
lete’s equipment off. Attempting to do this on the field or the
bench is not recommended because patient relaxation is critical
to a gentle reduction. Players with recurrent dislocations some-
times can self-reduce the dislocation. Pain and recurrent instability
usually preclude return to play, and the shoulder should be treated
with ice and a sling. Alternatively, patients with recurrent instability
may have little pain; with taping, bracing, or both, an athlete with
this condition can be considered for return to competition.

In general, fractures anywhere, from the ankles to the fingers,
are painful, and they usually preclude return to play, except under
the most unusual circumstances (e.g., an offensive lineman with a
metacarpal fracture that has been treated with a playing cast). The
injured extremity should be iced, immobilized, and elevated.
Radiographs obtained early will provide indisputable documenta-
tion and allow the player, the coach, and the physician to make the
appropriate adjustments to the game plans.

Abrasions should be cleaned and dressed immediately. With
the emergence of community-acquired —methicillin-resistant
Staphylococcus aureus, this procedure becomes even more
impormnt.22

Muscle contusions and strains are very common. Hamstring
and quadriceps strains are particularly annoying, and they can
remove an athlete from play. A tight wrap might provide some
relief and a hope of return to play, but continuing to play carries
the risk of extending the muscle strain. Some physicians have
advocated a local injection of an anesthetic with a corticosteroid
to the area of the muscle injury after the competition; this protocol
is associated with img)roved pain control, gait, and earlier return to
play at a later time.*

Contused muscles should be stretched and, if possible, immo-
bilized in that position overnight.?’ This procedure, which reduces
swelling and tightness, returns athletes to play in days instead of
weeks, and it is best done on the sideline before substantial pain
and swelling commence. The timely application of ice and appro-
priate protected immobilization on the sideline (after the player
accepts that he or she cannot return to play) may facilitate quicker
rehabilitation and return to function and ability later on.

The first level of confidence that a team will have for the physician
is in his or her technical ability. However, being a great diagnos-
tician or an innovative surgeon will only get a foot in the door (or
rather, on the sideline). Preparation is equally important to the
sideline physician. An old Chinese proverb states, “The more
you sweat during peacetime, the less you will bleed during
war.” This quote is appropriate not only for the athlete and the
team but also for the sideline physician. With validated knowledge
and consummate preparation, the sideline physician who involves
himself or herself in the team chemistry will be elevated to a whole
new level of confidence and respect. That respect will provide the
leverage needed to represent and articulate the medical issues of
the injured athlete and the vision and mission of the team; these
concepts should be one and the same. When the lines between the
two become blurry, the effective sideline physician can deliver a
safe, thoughtful decision, no matter how unpopular.
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CHAPTER

The Preparticipation Evaluation

Jay E. Noffsinger, MD

KEY POINTS

- The primary objectives of the preparticipation physical
evaluation (PPE) are to detect conditions that may be life-
threatening or disabling or that may predispose an athlete to
injury or illness.

 The secondary objectives of the PPE include determining
general health and serving as an entry point into the health-
care system for adolescents.

 The purpose of the PPE is to facilitate and encourage safe
participation rather than to exclude athletes from participation.

+ A comprehensive history will identify up to 75% of problems
that affect athletes.

* Only after this history is supplemented by a careful physical
examination can appropriate clearance decisions be made.

INTRODUCTION

Without question, the practice of primary care sports medicine has
become more and more reliant on evidence-based medicine. This
textbook will be filled with examples of evidence-based medicine.
Unfortunately, recommendations regarding a comprehensive pre-
participation physical evaluation have been primarily based on clin-
ical observations and “expert opinions.” Before 1992 there were
virtually no national guidelines for a PPE for this very reason. That
year representatives from many important organizations got
together and published the first PPE monograph. The second edi-
tion came out in 1997, and the third was published in 2005."
Organizations sponsoring this monograph include the American
Academy of Family Physicians, the American Academy of
Pediatrics, the American College of Sports Medicine, the American
Medical Society for Sports Medicine, the American Orthopaedic
Society for Sports Medicine, and the American Osteopathic
Academy of Sports Medicine. National endorsements have come
from the National Athletic Trainers Association, the Sports
Physical Therapy Section of the American Physical Therapy
Association, and the Special Olympics Medical Committee. This
impressive list of organizations is a testament to the importance
and significance of the monograph. The work of the representatives
of these organizations is ongoing, and future editions of their work

will include more evidence-based medicine. Recommendations
may ultimately change from guidelines to standards.

GOALS AND OBJECTIVES

The obvious primary objective of a well-done PPE is to detect
conditions that may be life-threatening or disabling or that
predispose an athlete to injury or illness. Unfortunately, cost
analyses and other factors preclude the kind of evaluation that
would be 100% sensitive and specific. For example, without an
echocardiogram, most cases of hypertrophic cardiomyopathy will
go undetected, even with a comprehensive history and physical.
A final primary objective of a PPE is to meet legal and adminis-
trative requirements.

For most adolescents, this PPE will be the only health mainte-
nance visit for the year. Of course, this is not ideal, but it is reality.
Therefore, secondary objectives of this evaluation are to determine
general heath, to serve as an entry point into the health-care
system for adolescents, and to provide an opportunity for the dis-
cussion of health and lifestyle issues.

TIMING, SETTING, AND STRUCTURE

Although multiple health-care professionals may play a role
in conducting the PPE, ultimate responsibility should be assigned
to a physician who is a doctor of medicine or osteopathy. Different
states have different regulations regarding the qualifications of
practitioners. The optimal time to conduct the PPE is 6 weeks
before the onset of preseason practice. This allows time to
follow up on abnormalities that are discovered, but it is not so
soon that new problems are likely to appear. With an estimated
7 to 8 million required PPEs occurring at the high-school level
and probably an equal number at the middle-school and college
levels, it may be impossible to have each evaluation performed
within this timetable; however, the above principles should be
considered. The monograph recommends a comprehensive PPE
at entry to middle and high school, with yearly interim updates as
directed by the history. The American Academy of Pediatrics
recommends biannual evaluations with interval history updates.
Unfortunately, state laws prevail, and most states require yearly
evaluations. Other organizations that may have requirements
include school districts, athletic conferences, and insurance
companies.



No routine screening tests, including blood tests, are recom-
mended currently. Rather, these tests are to be directed by findings
on the PPE. Earlier recommendations included a wurinalysis;
this often resulted in a workup for the protein discovered and
resulted in a diagnosis of benign orthostatic proteinuria after
substantially alarming the athlete and parents while awaiting
further tests.

Ideally, the preferred setting for the PPE is the primary care
physician’s office. This setting is optimal for privacy, lighting,
proper instruments, familiarity with the patient (including
immunization records), and ready access to appropriate referrals
if necessary to follow up on identified problems. Certainly
pursuing the secondary objectives of the PPE is better done in
this setting. Problems include expense, availability to provide
timely PPEs to all athletes, lack of direct contact with school
officials (including coaches), and, unfortunately, a lack of expertise
by many primary care physicians with regard to the ideal conduct
of such an evaluation. A properly performed “station-method” PPE
is an acceptable alternative. Stations may include vital signs, visual
acuity assessment, fitness, flexibility, nutrition, and a physical
examination that can be divided into as many stations as desired
to meet the expertise of the examiners present. Advantages
of this method include low expense, greater availability, likely
appropriate expertise of the coordinated medical team (e.g.,
an orthopedist to do the musculoskeletal assessment and a cardi-
ologist to listen to hearts), and on-site coordination with coaches
and other school officials. The old “last-minute” locker-room
method is now condemned.

THE PREPARTICIPATION PHYSICAL

EVALUATION MEDICAL HISTORY

It is felt that a complete history will identify 75% of the problems
that affect athletes. It is important that athletes and parents com-
plete the history together because it has been found that if each
completes the form separately, there is only a 39% correlation.”
The PPE medical history form suggested by the monograph is
included (Figure 2.1), and it incorporates all of the questions
recommended by the American Heart Association® (revised in
1998).* Many states have adopted this form or use one that is
very similar. Although readers of this text understand that they
may be forced to use state forms that are not ideal, they are
encouraged to develop their own supplementary history docu-
ment to make sure that all appropriate history is obtained.
Unfortunately, only about half of the United States even requires
a medical history.”” The most common cause of nontraumatic
sudden death in athletes is definitely cardiac (80% to 95%), and
this is followed distantly by heat illness and then asthma. Among
patients who are less than 35 years of age, any cardiac problems
are usually congenital; alternatively, among those who are 35 years
of age and older, arteriosclerotic cardiovascular disease predomi-
nates. The best chance of detecting hypertrophic cardiomyopathy,
which is the most common congenital heart defect that causes
sudden death in the United States, is the history rather than the
physical. The collapse of an athlete during (rather than after) com-
petition or a positive family history demands a comprehensive
cardiologic evaluation. Participation guidelines for athletes with
cardiovascular problems are covered by the 30th Bethesda
Conference, which was published in 2005.” It is known that
0.5% to 1% of all humans are born with a congenital heart
defect. Approximately 1% of these defects are potentially life-
threatening, and 10% of individuals with this condition will die
as a result of the problem. It can be concluded that one of these
ultimately fatal defects would be present for every 200,000 PPEs.
If echocardiograms were required for all PPEs, it would cost

The preparticipation physical evaluation medical history

nearly $250,000 to detect each fatal defect or at least $18,000 for
a typical sports program.® Clearly, this is not financially feasible.
In the United States, cardiologists do not recommend screening
electrocardiograms because they will not rule out hypertrophic
cardiomyopathy; instead, electrocardiograms often detect worri-
some changes that ultimately turn out to be “athlete’s heart,”
which is a known entity that consists of normal physiologic
changes. In some countries (e.g., Italy) other heart conditions
that can be detected by electrocardiograms (e.g., arthythmogenic
right ventricular dysplasia) predominate, which makes electrocar-
diography a sensible and inexpensive screen.

The heat-illness spectrum includes heat edema, heat cramps,
heat syncope, heat exhaustion, and heatstroke. Heat-illness
predisposition includes a history of problems in the heat as well
as a pertinent family history, and these elements of the history
should be pursued. I have seen heat stroke occur in twin male
athletes competing in college cross-country during successive
seasons. If a prior heat illness has ever included central nervous
system dysfunction, heatstroke should be assumed. Recurrences
may be associated with a mortality rate of as high as 10%. In cases
of exertional heatstroke the athlete may still be sweating profusely.
Only in cases of classical heatstroke is the skin dry. Other predis-
posing factors include dehydration, old or young age, inadequate
acclimatization, poor aerobic fitness, large body size with excess
body fat, febrile condition, overexertion, and certain medications
and supplements. Inquiries regarding sickle cell trait status should
be made, and strong consideration should be given to testing those
whose status is unknown. Approximately 8% of blacks and a small
percentage of whites carry this trait. Although it is normally benign,
under extremes of strenuous activity (particularly in the heat and at
altitude), rhabdomyolysis and sudden death have occurred.””
Preventive measures are strongly advised, including adequate
acclimatization, maintaining good hydration, avoiding diuretics,
and avoiding all-out sprints or timed miles early during training.
It is quite possible that the deaths of many black athletes that have
been attributed to heat alone may actually be related to sickle cell
trait. Most of these problems have occurred in the first 1 to 2 weeks
of practice during the summer, so medical observers need to be
particularly vigilant at these times.

Questions about asthma may point out very poor control and
lead to recommendations that will lessen the probability of serious
consequences. Many athletes have very poorly controlled asthma
and abuse their “rescue” inhalers. Other athletes with a diagnosis
of exercise-induced asthma may actually have other conditions,
such as paradoxical vocal cord dysfunction. Alternatively, the
incidence of exercise-induced asthma is often underestimated.
A detailed allergy and asthma history questionnaire was developed
by the Sports Medicine Committee of the American College of
Asthma, Allergy & Immunology to assist with raising awareness
of exercise-induced asthma.'" Suspected cases can be confirmed
by changes in peak expiratory flow rates from baseline to after
exercise followed by a positive response to preventive medication,
such as a short-acting B-agonist, 5 to 10 minutes before exercise.

It has been said that the most common injury in sports medicine
is a recurrence of a prior injury. The identification of prior injuries
by the taking of a history often confirms totally inadequate reha-
bilitation and certainly dictates a very careful musculoskeletal
examination to look for persistent problems, such as poor flexibil-
ity, strength (including core strength), proprioception, or even
residual pathologic laxity of a joint.

A history of concussions or repetitive “burners” demands
a careful assessment of full recovery as well as checking for
anatomic and other predispositions to recurrences that may be
less benign than prior injuries. Isolated stingers are not considered
to be serious, but severe or repeated injuries can lead to per-
manent motor or sensory sequelae. Radiologic investigation can
exclude cervical spinal stenosis or degenerative disk disease.



Figure 2.1 Preparticipation physical evaluation: history form. (From the American Academy of Family Physicians, American Academy of Pediatrics,
American College of Sports Medicine, et al: Preparticipation Physical Evaluation, 3rd ed. Minneapolis, The Physician and Sportsmedicine/McGraw-Hill, 2005.)




Figure 2.2 Preparticipation physical evaluation: physical evaluation form. (From the American Academy of Family Physicians, American Academy of Pediatrics,
American College of Sports Medicine, et al: Preparticipation Physical Evaluation, 3rd ed. Minneapolis, The Physician and Sportsmedicine/McGraw-Hill, 2005.)
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For persistent symptoms, electrodiagnostic studies may be war-
ranted. Prevention tools may include neck strengthening, equip-
ment changes (including neck rolls), and reviewing tackling
techniques. An athlete who reports bilateral or upper and lower
extremity symptoms would never be diagnosed with a stinger, and
a central cause is assumed. Transient quadriparesis should initially
be handled as a catastrophic cervical spine injury. After fractures
and ligamentous instability have been ruled out, further investiga-
tion is needed to exclude congenital or acquired predispositions.
Even with a totally negative workup, return-to-play recommenda-
tions remain controversial and should include neurosurgical or
neurologic consultation.

Although there is some debate about second impact syndrome,
there is no question that someone who has experienced a concus-
sion is 4 to 6 times is more likely to have a recurrence than
someone who has not.'*'? The term second impact syndrome
was coined to describe massive cerebral edema with collapse
and death after minor head trauma in an athlete who was still
symptomatic from an earlier concussion. The theory is that
autonomic dysfunction of the cerebral vessels resulted from
the first injury and caused them to dilate significantly after the
second impact, thus resulting in catastrophic cerebral edema.
Although future studies are needed to settle the debate regarding
second impact syndrome, described cases have occurred al-
most exclusively among very young athletes. There is also much
debate regarding the classification of concussions and subse-
quent management decisions. International experts have recently
reported their recommendations from the Second International
Conference on Concussion in Sports,"* and the American
College of Sports Medicine also released a consensus statement
regarding concussion and the team physician.'” It is universally
agreed that athletes should not be allowed to return to play until
they are asymptomatic both at rest and with exertion; however, the
problem is with determining what qualifies as asymptomatic.
Recently developed computer-based programs to assess neuro-
psychological function as compared with baseline may become
standard in the future as their validity is confirmed. Cumulative
damage is another concern, including dementia pugilistica
(punch-drunk syndrome).

THE PREPARTICIPATION PHYSICAL

EVALUATION

The PPE form recommended by the monograph is included
here (Figure 2.2). Note that it includes follow-up questions
about more sensitive issues. The physical examination can be con-
ducted without the parents present, and it is an ideal time to
explore these issues. The presence of anisocoria is noted to pre-
vent future misinterpretation as possibly resulting from a serious
head injury. Best corrected vision should be 20/40 or better, other-
wise clearance considerations include appropriate protection of
the good eye in many sports. I have personally seen individuals
with a BB injury, a bottle-rocket injury, and a congenital cataract,
and 1 also worked with an athlete who underwent multiple
eye surgeries after a retinal detachment. Each of these individuals
had almost no vision in one of their eyes, and each had
been inappropriately playing contact sports for years with no
protection for their good eye. Table 2.1 provides the categories
of sports-related eye-injury risk to the unprotected players.
Good athletic trainers may be consulted for help with designing
custom protective eyewear for sports in which standards are
not available, such as wrestling. Table 2.2 outlines recommended
eye protectors for selected sports. Although at one point
I had trouble convincing a high-school football player about
the importance of placing a visor in his helmet to protect his

Table 2.1 Categories of Sports-Related Eye-Injury
Risk to the Unprotected Player
High Risk

SMALL, FAST PROJECTILES

Air rifle

BB gun

Paintball

HARD ProJECTILES, “STicks,” CLoSE CONTACT
Baseball/softball

Basketball

Cricket

Fencing

Hockey (field and ice)

Lacrosse (men’s and women’s)

Racquetball

Squash

INTENTIONAL INJURY

Boxing

Full-contact martial arts

MobEeRATE Risk
Badminton

Fishing

Football

Golf

Soccer

Tennis

Volleyball

Water polo

Low Risk

Bicycling

Diving

Noncontact martial arts
Skiing (snow and water)
Swimming

Wrestling

EYE SAFE

Gymnastics

Track and field*

*Javelin and discus have a small but definite potential for injury. However, good field
supervision can reduce the extremely low risk of injury to nearly negligible.

Adapted with permission from Vinger PF: Phys Sportsmed 2000;28(6):49-69.

In American Academy of Family Physicians, American Academy of Pediatrics,
American College of Sports Medicine, et al: Preparticipation Physical Evaluation,

3rd ed. Minneapolis, The Physician and Sportsmedicine/McGraw-Hill, 2005.

good eye, it has recently become necessary to prove medical
necessity for the wearing of a shaded visor because players
now want them so that they can conceal the direction in which
they are looking.

Height, weight, and body mass index determinations
allow for the addressing of both obesity and possible eating
disorders. A general musculoskeletal screening examination
is mandatory, and a more comprehensive examination should
be performed for areas in which prior injuries have occurred.
At this time, the determination of the Tanner stage is not recom-
mended; however, for those in the middle-school age group,
I think it would at least be wise to consider. For example, in a



Table 2.2 Recommended Eye Protectors for Selected Sports

The preparticipation physical evaluation e

Sport

Minimal Eye Protector

Comment

Baseball/softball (youth batter and
base runner)

Baseball/softball (fielder)
Basketball

Bicycling

Boxing

Fencing

Field hockey (men’s and women’s)

Football

Full-contact martial arts
Ice hockey

Lacrosse (men’s)
Lacrosse (women’s)
Paintball

Racket sports (badminton, tennis,
paddle tennis, handball, squash,
and racquetball)

Soccer

Street hockey

Track and field

Water polo/swimming

ASTM standard F910

ASTM standard F803 for baseball

ASTM standard F803 for basketball
Helmet plus street wear/fashion eyewear
None available; not permitted in the sport
Protector with neck bib

ASTM standard F803 for women’s lacrosse (goalie: full
face mask)

Polycarbonate eye shield attached to helmet-mounted
wire face mask

None available; not permitted in the sport

ASTM standard F513 face mask on helmet
(goaltenders: ASTM standard F1587)

Face mask attached to lacrosse helmet
ASTM standard F803 for women’s lacrosse
ASTM standard F1776 for paintball

ASTM standard F803 for selected sport

ASTM standard F803 for selected sport

ASTM standard F513 face mask on helmet

Street wear with polycarbonate lenses/fashion eyewear*
Swim goggles with polycarbonate lenses

Face guard attached to helmet

ASTM specifies age ranges
ASTM specifies age ranges

Contraindicated for functionally one-eyed athletes

Protectors that pass for women’s lacrosse also pass
for field hockey

Contraindicated for functionally one-eyed athletes
HECC-certified or CSA-certified full face shield

Should have option to wear helmet

Must be HECC or CSA certified

Wrestling No standard available

Custom protective eyewear can be made

*Eyewear that passes ASTM standard F803 is safer than street wear eyewear for all sports activities with impact potential.

ASTM, American Society for Testing and Materials; CSA, Canadian Standards Association; HECC, Hockey Equipment Certification Council.

Adapted with permission from Vinger PF: Phys Sportsmed 2000;28(6):49-69. In American Academy of Family Physicians, American Academy of Pediatrics, American College of
Sports Medicine, et al: Preparticipation Physical Evaluation, 3rd ed. Minneapolis, The Physician and Sportsmedicine/McGraw-Hill, 2005.

sport like football, there is a huge difference between a Tanner-I,
210-pound overweight male and a Tanner-V athlete of the same
age and weight who looks like a National Football League
linebacker.

An example of a general musculoskeletal screening examina-
tion as outlined in the PPE monograph is included (Figure 2.3).
Unfortunately, this is one of the most common parts of the
evaluation that is left out. This examination would be particularly
amenable to the station method, and it could be performed by an
athletic trainer, a physical therapist, or even an orthopedic surgeon.

Male testicular examination allows not only for the identifica-
tion of problems but also for the discussion of the importance
of periodic self-examination to assist with the early detection of
testicular cancer, which is the most common malignancy found in
young adult males.

The cardiovascular examination recommended by the American
Heart Association includes checking pulses, determining blood
pressure, looking for signs that are suggestive of Marfan’s syn-
drome, and auscultating the heart in at least two different positions
to look for dynamic changes that may suggest hypertrophic cardi-
omyopathy (e.g., increased intensity of a systolic murmur with the
Valsalva maneuver). Marfan’s syndrome is an autosomal-dominant
connective tissue disease that manifests with characteristic pheno-
typic findings that include the following: kyphosis, high-arched
palate, pectus excavatum, arachnodactyly, arm span that is greater
than height, mitral valve prolapse, aortic insufficiency murmur,
myopia, lenticular dislocation, a thumb sign, and a wrist sign.
Screening for this disorder is recommended for men who are 6

feet tall or taller and women who are 5 feet and 10 inches tall or
taller, who have two or more physical manifestations, or who have a
family history of Marfan’s syndrome. The importance of identifying
Marfan’s syndrome is because of the associated aortic root dilatation,
which can progress to dissection and rupture with ensuing sudden
death.'® Blood-pressure measurement should be accomplished
using the largest appropriate cuff. The regular adult cuff is too
small for many large male athletes, and it results in a false elevation
of the blood-pressure measurement. The finding of elevated blood
pressure for age is probably the most common abnormality found
during the PPE. If decreased pulses are found in the lower extremi-
ties, blood-pressure measurements should also be taken from the
legs to rule out coarctation of the aorta. Blood-pressure measure-
ments should be repeated on at least two separate occasions to
ensure that the elevation is persistent. If elevated blood pressure
is confirmed, investigation for end-organ damage should follow.
Table 2.3 outlines the classification of hypertension in children
and adolescents, and Table 2.4 covers the classification of hyper-
tension in adults. Specific recommendations for participation for
athletes with hypertension are found in the PPE monograph and
the results of the 36th Bethesda Conference.” In general, aerobic or
dynamic exercise is beneficial for hypertension, whereas high static
activities may be contraindicated. It is only necessary to restrict
activity while further evaluation is performed and blood-pressure
control is achieved for adults with stage 2 hypertension or children
with measurements that are above the 99th percentile (in whom
end-organ damage is likely) or for those in whom a secondary
cause is suspected.
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Rights were not granted to include this figure in electronic media.
Please refer to the printed publication.

Figure 2.3 General musculoskeletal screening examination. (From the American Academy of Family Physicians, American Academy of Pediatrics, American
College of Sports Medicine, et al: Preparticipation Physical Evaluation, 3rd ed. Minneapolis, The Physician and Sportsmedicine/McGraw-Hill, 2005.)

The neurologic examination should be much more comprehen-
sive when the history reveals prior concussions or multiple
“burners” or “stingers,” as discussed previously.

DETERMINING CLEARANCE

Because the goal of the PPE is to facilitate and encourage safe
participation rather than to exclude athletes from participation, it
is fortunate that most large studies find an ultimate disqualification
rate of less than 1%. Between 3.1% and 13.9% of athletes require

further evaluation before a final clearance determination can be
made. One of the largest studies on this subject, which was per-
formed by Magnes and colleagues,'” looked at more than 10,000
athletes and resulted in a final disqualification rate of only 0.4% after
an initial conditional referral rate of 10.2%. Reasons for a delay in
the final clearance determination pending further investigation or
referral included hypertension (38%), ophthalmologic reasons
(12%), genitourinary reasons (10%), neurologic reasons (8%), infec-
tious mononucleosis (4%), and musculoskeletal reasons (4%). The
monograph-suggested clearance form is included (Figure 2.4), and
clearance options include the following: (1) clearance without



restriction; (2) clearance with recommendations for further evalua-
tion or treatment; (3) no clearance for any sport; and (4) no clear-
ance for certain sports. Decisions may be based in part on the
classification of sports by contact (Table 2.5) and the classification
of sports by strenuousness (Table 2.6). These tables as well as
the table regarding medical conditions and sports participation
(Table 2.7) come from the American Academy of Pediatrics

Table 2.3 Classification of Hypertension
in Children and Adolescents

Blood Pressure Systolic and Diastolic

Classification* Blood Pressure Measurement'

Normal < 90th percentile for age, sex, and height
High normal 90th-95th percentile for age, sex, and height

Hypertension
Severe hypertension

> 95th-99th percentile for age, sex, and height
> 99th percentile for age, sex, and height

*Charts for classification by age, sex, and height percentile can be found at
http://www.nhlbi.nih.gov/guidelines/hypertension/child_tbl.htm.

On repeated measurement.

Adapted from Update on the 1987 Task Force Report on High Blood Pressure in
Children and Adolescents: Pediatrics 1996;98(1):649-658. In American Academy
of Family Physicians, American Academy of Pediatrics, American College of Sports
Medicine, et al: Preparticipation Physical Evaluation, 3rd ed. Minneapolis, The
Physician and Sportsmedicine/McGraw-Hill, 2005.

Determining clearance

Committee on Sports Medicine and Fitness. As with neuropsycho-
logic testing after concussions, with further research, future editions
of the monograph will hopefully have more standards and fewer
“qualified yes” recommendations. When the station method is used
to conduct this examination, the most experienced practitioners
may be at the last station, where clearance determinations are

Table 2.4 Classification of Hypertension in Adults

Blood Pressure Systolic Blood Diastolic Blood .
Classification* Pressure (mm Hg) Pressure (mm Hg)'
Normal <120 and <80
Prehypertension 120-139 or 80-89
Stage 1 hypertension  140-159 or 90-99
Stage 2 hypertension  >160 or >100

*Classification determined by highest systolic or diastolic blood pressure category.
Based on the average of two or more properly measured, seated readings on each
of two or more office visits.

Adapted from The Seventh Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7). Washington, DC,
US Department of Health and Human Services, National Institutes of Health,

National Heart, Lung, and Blood Institute, 2003. In American Academy of Family
Physicians, American Academy of Pediatrics, American College of Sports Medicine,

et al: Preparticipation Physical Evaluation, 3rd ed. Minneapolis, The Physician and
Sportsmedicine/McGraw-Hill, 2005.

Rights were not granted to include this figure in electronic media.
Please refer to the printed publication.

Figure 2.4 Preparticipation physical evaluation: clearance form. (From the American Academy of Family Physicians, American Academy of Pediatrics,
American College of Sports Medicine, et al: Preparticipation Physical Evaluation, 3rd ed. Minneapolis, The Physician and Sportsmedicine/McGraw-Hill, 2005.)
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Table 2.5 Classification of Sports by Contact, High
to Moderate Intensity

Table 2.6 Classification of Sports by Strenuousness

High to Moderate Intensity

High to Moderate High to Moderate High to Moderate
Dynamic and Dynamic and Low Static and Low
Static Demands Static Demands Dynamic Demands
Boxing* Badminton Archery
Crew or rowing Baseball Auto racing
Cross-country skiing Basketball Diving
Cycling Field hockey Horseback riding
Downhill skiing Lacrosse (jumping)
Fencing Orienteering Field events (throwing)
Football Race walking Gymnastics
Ice hockey Racquetball Karate or judo
Rugby Soccer Motorcycling
Running (sprint) Squash Rodeo
Speed skating Swimming Sailing
Water polo Table tennis Ski jumping
Wrestling Tennis Waterskiing

Volleyball Weight lifting

Contact or Collision  Limited Contact Noncontact
Basketball Baseball Archery
Boxing* Bicycling Badminton
Diving Cheerleading Bodybuilding
Field hockey Canoeing or kayaking Bowling
Football, tackle (white water) Canoeing or kayaking
Ice hockey" Fencing (flat water)
Lacrosse Field events (high jump, Crew or rowing
Martial arts o Curling
Rodeo Floor hockey Dancing (ballet, modern,
Rugby Football, flag jazz)®
SKi jumping Gymnastics _Field_ events (discus,
Soccer Handball javelin, shot put)
Team handball Horseback riding Golf .
Wil Racquetball 0r|ente(.ar|'ng
Wrestling Skating (ice, in-line, Power Ilftlr}g
roller) Race walking
Skiing (cross-country, Riflery
downbhill, water) Rope jumping
Skateboarding Running
Snowboarding* Sailing
Softball Scuba diving
Squash Swimming
Ultimate Frisbee Table tennis
Volleyball Tennis
Windsurfing or surfing  Track
Weight lifting

*Participation not recommended by the American Academy of Pediatrics.

"The American Academy of Pediatrics recommends limiting the amount of body checking
allowed for hockey players who are 15 years old and younger to reduce injuries.
1'Snowboarding has been added since the previous statement was published.
§Dancing has been further classified into ballet, modern, and jazz since the previous
monograph was published.

YA race in which competitors use a map and compass to find their way through
unfamiliar territory.

Reprinted with permission from American Academy of Pediatrics Committee on Sports
Medicine and Fitness: Pediatrics 2001;107(5):1205-1209. In American Academy of
Family Physicians, American Academy of Pediatrics, American College of Sports
Medicine, et al: Preparticipation Physical Evaluation, 3rd ed. Minneapolis, The
Physician and Sportsmedicine/McGraw-Hill, 2005.

made. Strict standards are indeed difficult, and there will always be
room for case-by-case individual judgment. It is vital that all
abnormalities that are described are followed up with the ultimate
goal of maximal safe participation in physical activity and minimal
disqualifications.

A new section in the third edition of the PPE monograph deals
with athletes with special needs. A much more comprehensive
work addressing PPE for Special Olympians will be published
soon. Surely athletes with intellectual and special disabilities as
well as other special needs deserve at least as comprehensive of
an evaluation as mainstream athletes. Indeed, many of them have
problems that will require a more complex investigation before
clearance decisions can be made. Participation in sports for this
population has innumerable benefits, including improved physical

Low Intensity

Low Dynamic and Low Static Demands

Bowling
Cricket
Curling
Golf
Riflery

*Participation not recommended by the American Academy of Pediatrics.

Reprinted with permission from American Academy of Pediatrics Committee on Sports
Medicine and Fitness: Pediatrics 2001;107(5):1205-1209. In American Academy of
Family Physicians, American Academy of Pediatrics, American College of Sports
Medicine, et al: Preparticipation Physical Evaluation, 3rd ed. Minneapolis, The
Physician and Sportsmedicine/McGraw-Hill, 2005.

fitness, mood state, socialization, perceived health, discipline, self-
confidence, self-esteem, personal satisfaction, and the satisfaction
of being a part of a team. Many of the principles of the evaluation
are the same as for mainstream athletes. The Special Olympics PPE
is optimally performed by personal physicians, but it is often con-
ducted using a station-method model called Medfest. A primary
goal of PPE in this population, maybe even more than with
“normal” athletes, is to identify events in which these athletes
may safely participate with minimal risk, despite the presence of
disability and chronic medical conditions. Because of potential
impaired communication, the importance of a thorough physical
evaluation is increased. Although a comprehensive discussion of
special needs athletes is beyond the scope of this chapter, a few
common conditions deserve mention. Visual and hearing
problems are more common in this population and demand careful
investigation. Obesity and sedentary lifestyle are also very preva-
lent, and they lend support to the further encouragement of athletic
participation.

In 1983, Special Olympics Inc. disseminated its recommenda-
tion that every athlete with Down syndrome undergo a neurologic
evaluation and a radiographic evaluation of the cervical spine.'®
These recommendations were based on the increased incidence of
atlantoaxial instability among patients with this condition. Views
include that of a lateral cervical spine in the straight, flexed, and
extended positions. Movement of more than 5 mm of the atlanto-
dens interval in cervical spine films with flexion and extension



Table 2.7 Medical Conditions and Sports Participation*

Special needs a

Condition

May Participate

Atlantoaxial instability (instability of the joint between cervical vertebrae 1 and 2)
Explanation: Athlete needs evaluation to assess risk of spinal cord injury during sports participation.

Bleeding disorder
Explanation: Athlete needs evaluation.

Cardiovascular disease
Carditis (inflammation of the heart)
Explanation: Carditis may result in sudden death with exertion.

Hypertension (high blood pressure)

Explanation: Those with significant essential (unexplained) hypertension should avoid weight and power lifting, bodybuilding, and
strength training. Those with secondary hypertension (hypertension caused by a previously identified disease) or severe essential
hypertension need evaluation. The National High Blood Pressure Education Working group defined significant and severe
hypertension.

Congenital heart disease (structural heart defects present at birth)
Explanation: Those with mild forms may participate fully; those with moderate or severe forms or who have undergone surgery need
evaluation. The 26th Bethesda Conference defined mild, moderate, and severe disease for common cardiac lesions.

Dysrhythmia (irregular heart rhythm)
Explanation: Those with symptoms (chest pain, syncope, dizziness, shortness of breath, or other symptoms of possible dysrhythmia)
or evidence of mitral regurgitation (leaking) on physical examination need evaluation. All others may participate fully.

Heart murmur
Explanation: If the murmur is innocent (does not indicate heart disease), full participation is permitted. Otherwise, the athlete
needs evaluation (see "Congenital heart disease," above, and mitral valve prolapse discussion in the text).

Cerebral palsy’
Explanation: Athlete needs evaluation.

Diabetes mellitus
Explanation: All sports can be played with proper attention to diet, blood glucose concentration, hydration, and insulin therapy.
Blood glucose concentration should be monitored every 30 minutes during continuous exercise and 15 minutes after completion of
exercise.

Diarrhea
Explanation: Unless disease is mild, no participation is permitted, because diarrhea may increase the risk of dehydration and heat
iliness. See "Fever," below.

Eating disorders
Anorexia nervosa, bulimia nervosa
Explanation: Patients with these disorders need medical and psychiatric assessment before participation.

Eyes
Functionally 1-eyed athlete, loss of an eye, detached retina, previous eye surgery, or serious eye injury
Explanation: A functionally 1-eyed athlete has a best-corrected visual acuity of less than 20/40 in the eye with worse acuity. These
athletes would suffer significant disability if the better eye were seriously injured, as would those with loss of an eye. Some
athletes who previously have undergone eye surgery or had a serious eye injury may have an increased risk of injury because of
weakened eye tissue. Availability of eye guards approved by the American Society for Testing and Materials and other protective
equipment may allow participation in most sports, but this must be judged on an individual basis.

Fever
Explanation: Fever can increase cardiopulmonary effort, reduce maximum exercise capacity, make heat illness more likely, and
increase orthostatic hypertension during exercise. Fever may rarely accompany myocarditis or other infections that may make
exercise dangerous.

Heat illness, history of
Explanation: Because of the increased likelihood of recurrence, the athlete needs individual assessment to determine the presence
of predisposing conditions and to arrange a prevention strategy.

Hepatitis
Explanation: Because of the apparent minimal risk to others, all sports may be played that the athlete’s state of health allows.
In all athletes, skin lesions should be covered properly, and athletic personnel should use universal precautions when handling
blood or body fluids with visible blood.

Human immunodeficiency virus (HIV) infection
Explanation: Because of the apparent minimal risk to others, all sports may be played that the athlete’s state of health allows.
In all athletes, skin lesions should be covered properly, and athletic personnel should use universal precautions when handling
blood or body fluids with visible blood.

Qualified yes

Qualified yes

No

Qualified yes

Qualified yes

Qualified yes

Qualified yes

Qualified yes

Yes

Qualified no

Qualified yes

Qualified yes

No

Qualified yes

Yes

Yes

*This table is designed for use by medical and nonmedical personnel. "Needs evaluation" means that a physician with appropriate knowledge and experience should assess the
safety of a given sport for an athlete with the listed medical condition. Unless otherwise noted, this is because of variability of the severity of the disease, the risk of injury for the

specific sports, or both.
Not discussed in the text of the monograph.

Continued
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Table 2.7 Medical Conditions and Sports Participation*—cont’d

Condition May Participate

Kidney, absence of one Qualified yes
Explanation: Athlete needs individual assessment for contact, collision, and limited-contact sports.

Liver, enlarged Qualified yes

Explanation: If the liver is acutely enlarged, participation should be avoided because of risk of rupture. If the liver is chronically
enlarged, individual assessment is needed before collision, contact, or limited-contact sports are played.

Malignant neoplasm+ Qualified yes
Explanation: Athlete needs individual assessment.
Musculoskeletal disorders Qualified yes

Explanation: Athlete needs individual assessment.

Neurologic disorders
History of serious head or spine trauma, severe or repeated concussions, or craniotomy Qualified yes
Explanation: Athlete needs individual assessment for collision, contact, or limited-contact sports and also for noncontact sports if
deficits in judgment or cognition are present. Research supports a conservative approach to management of concussion.

Seizure disorder, well-controlled Yes
Explanation: Risk of seizure during participation is minimal.
Seizure disorder, poorly controlled Qualified yes

Explanation: Athlete needs individual assessment for collision, contact, or limited-contact sports. The following noncontact sports
should be avoided: archery, riflery, swimming, weight or power lifting, strength training, or sports involving heights. In these sports,
occurrence of a seizure may pose a risk to self or others.

Obesity Qualified yes
Explanation: Because of the risk of heat illness, obese persons need careful acclimatization and hydration.

Organ transplant recipient’ Qualified yes
Explanation: Athlete needs individual assessment.

Ovary, absence of one Yes

Explanation: Risk of severe injury to the remaining ovary is minimal.
Respiratory conditions
Pulmonary compromise, including cystic fibrosis Qualified yes
Explanation: Athlete needs individual assessment, but generally, all sports may be played if oxygenation remains satisfactory during
a graded exercise test. Patients with cystic fibrosis need acclimatization and good hydration to reduce the risk of heat iliness.

Asthma Yes
Explanation: With proper medication and education, only athletes with the most severe asthma will need to modify their

participation.

Acute upper respiratory infection Qualified yes

Explanation: Upper respiratory obstruction may affect pulmonary function. Athlete needs individual assessment for all but mild
disease. See "Fever," on previous page.

Sickle cell disease Qualified yes
Explanation: Athlete needs individual assessment. In general, if status of the illness permits, all but high exertion, collision, and
contact sports may be played. Overheating, dehydration, and chilling must be avoided.

Sickle cell trait Yes
Explanation: It is unlikely that persons with sickle cell trait have an increased risk of sudden death or other medical problems
during athletic participation, except under the most extreme conditions of heat, humidity, and, possibly, increased altitude. These
persons, like all athletes, should be carefully conditioned, acclimatized, and hydrated to reduce any possible risk.

Skin disorders (boils, herpes simplex, impetigo, scabies, molluscum contagiosum) Qualified yes
Explanation: While the patient is contagious, participation in gymnastics with mats; martial arts; wrestling; or other collision,
contact, or limited-contact sports is not allowed.

Spleen, enlarged Qualified yes
Explanation: A patient with an acutely enlarged spleen should avoid all sports because of risk of rupture. A patient with a
chronically enlarged spleen needs individual assessment before playing collision, contact, or limited-contact sports.

Testicle, undescended or absence of one Yes
Explanation: Certain sports may require a protective cup.

Reprinted with permission from American Academy of Pediatrics Committee on Sports Medicine and Fitness: Pediatrics 2001;107(5):1205-1209. In American Academy of Family
Physicians, American Academy of Pediatrics, American College of Sports Medicine, et al: Preparticipation Physical Evaluation, 3rd ed. Minneapolis, The Physician and
Sportsmedicine/McGraw-Hill, 2005.

meets the radiographic criteria for atlantoaxial instability, which is patients with normal x-rays can later develop abnormalities.
reported at rates of 10% to 30% among patients with Down syn- If problems are found, patients with atlantoaxial instability are
drome, and approximately 12% to 16% of these patients develop restricted from events that put undue stress on the cervical spine.
neurologic signs and symptoms. Obviously, most patients with Clearly, carefully looking for symptoms is the most important

radiographic abnormalities never develop problems. Conversely, consideration. Because patients with Down syndrome have a



nearly 50% incidence of congenital heart defects, they should be
carefully evaluated.

Seizures are also more common among patients with intellec-
tual disabilities. If seizures are controlled by medication, restriction
is not necessary. Special consideration should be given to the
inherent dangers of a seizure occurring in certain settings (e.g.
diving, open-water swimming, events occurring at heights, and
equestrian sports). Reasonable seizure control and medication
compliance are essential for all sports participation.

Autonomic dysreflexia is an acute, life-threatening syndrome of
excessive, uncontrolled sympathetic output that can occur in ath-
letes with spinal-cord injuries at or above the sixth thoracic level.
This reflex can occur spontaneously, or it can be triggered by
things such as bowel or bladder distension, infections, sunburn,
ingrown toenails, and wearing tight garments; it may also be self-
induced by an athlete in an attempt to improve performance (a
practice known as boosting). Findings may include significant
blood-pressure elevation, a pounding headache, bradycardia,
flushing of the face, and sweating above the level of the spinal
cord injury. Paraplegic athletes are also prone to premature osteo-
porosis, which increases the risk of occult fractures.' For a more
comprehensive review of athletes with special needs, look for the
monograph addressing PPE for Special Olympians, which will be
coming out soon.

FUTURE DIRECTIONS

In the future, the medical community must work toward the accep-
tance of nationally standardized forms and the creation of data-
bases to measure the effectiveness and validity of the PPE process.
The appropriate place for neuropsychological testing after concus-
sion is currently being studied; this is an example of how many
recommendations will subsequently be more based on evidence.
In many cases, very sports-specific evaluations may be appropri-
ate. As an example, findings such as generalized ligamentous laxity
may even result in recommendations for safer sports selection by
young athletes. There is already a move toward the electronic
handling of athletic health information, which has obvious poten-
tial advantages but also inherent dangers, such as security issues,
cost, and the need to keep up with changing technologies. This
change will be a part of the national trend to move toward elec-
tronic health records for everyone.

Although the PPE monograph may be far from perfect, it certainly
represents the best effort at consensus that has been arrived at thus
far by experts from multiple important national organizations.
These groups will continue to meet periodically as new informa-
tion becomes available, and this will result in new additions to the
publication. Without question, this is a work in progress. A second
monograph addressing athletes with special needs will be equally
comprehensive and provide a valuable reference for practitioners
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CHAPTER

The Team Physician’s Bag

Scott D. Flinn, MD, and Elise T. Gordon, MD

KEY POINTS

- Emergency resuscitation material should be carried on the
physician’s person in an easily accessible bag, like a fanny pack.

+ Inventory of the physician’s bag should be taken at the
beginning of every season, and items should be replaced as
they are used because it is important to maintaining the bag at
its peak readiness.

- If the team is traveling, the physician must remind all team
members to bring adequate personal supplies of their
medicines, eyeglasses, contacts, and any other personal
medical supplies that they routinely use.

- What to carry in the game bag depends on the sport covered,
how many participants there are, the location of the event, the
availability of other resources, the philosophy of the care to be
rendered (triage alone or treatment), and the ability to carry the
materials.

- Itis important to know what medications you can give to
athletes if they participate in a sport and/or organization that
tests for banned substances.

INTRODUCTION

The team physician is an integral part of the medical team that
provides care for athletes before, during, and after athletic events.
Occasionally, the team physician is called on to cover the staff and
the spectators as well. Whether covering a local field event, a mass
participation event, or a team traveling to an international compe-
tition, the team physician’s coverage bag should contain materials
to address anything from routine medical problems to emergency
field situations. Planning for the medical coverage of the event will
help determine what specific items that the physician will carry.
In 2000, the American College of Sports Medicine in conjunction
with the American Academy of Family Physicians, the American
Academy of Orthopedic Surgeons, the American Medical Society
of Sports Medicine, the American Orthopedic Society of Sports
Medicine, and the American Osteopathic Academy of Sports
Medicine published a team physician consensus statement that
contained recommendations for event planning, including recom-
mended medical supplies that are either available on-site at the
venue or carried in the physician’s coverage bag.! Other team

physicians have provided similar recommendations.”® The type

of event, the sport, the location, the number of competitors,
the expected available resources, and the usual weather at the
competition site dictate variations in the range of required
medical supplies.

THE GAME BAG

Choices for the physician’s game bag come in many shapes,
sizes, colors, and materials.>>° There are medical bags that are
specifically designed for carrying event-coverage medical equip-
ment. Some prefer a hard-shell case because it provides added
protection for breakable materials. These can come with wheels
for ease of portability, and they may be lockable. Alternatively,
bags made of soft material are usually lighter and easier to carry
with a shoulder strap or in a backpack configuration. Other
options include fishing tackle boxes and luggage that has been
modified to suit the event.

Competitive events may be located in interesting venues that
require the gear to be hand carried some distance or up and down
stairs. A padded shoulder strap, a backpack, or wheels make this
easier. The bag should be large enough to carry the necessary gear
but not so large as to be overly cumbersome to transport.

Regardless of the type of bag selected, the physician must be
able to readily access supplemental emergency equipment that
cannot be carried on the physician’s person. This other gear
should be quickly accessible. Movable dividers in the main
compartment allow for flexibility with the placement of gear.
Side and top pockets with clear panels and zippers or Velcro
closures allow for secure, rapid access to small items, and they
allow for the easy identification of contents. Others prefer labeled
plastic bags or color-specific nylon bags for the storage of specific
gear. The outside of the bag should be marked with colored
markers, stickers, or embroidery to allow for the easy identification
of the bag.

A fanny pack is helpful for carrying immediately available
emergency equipment onto the field, mats, ice, or track. If one is
going on a long trip, more than one bag may be necessary.
International travel can make transporting some items difficult.
If possible, ship some of the medical kit with the team supplies
ahead of time and carry only the essentials.

Maintaining the items on an inventory list keeps the bag always
at the ready. At least once a year, the contents of the bag should be
reviewed to eliminate expired medications and to update the



equipment and supplies. After an event during which items are
used, the bag should be restocked before the next coverage. It is
particularly important to review the inventory list before covering
new types of events because special sport- or event-specific items
may need to be added.

Overnight and international travel involves a unique set of chal-
lenges.” For example, the destination may have limited supplies
and medication. The team physician should be aware of any and
all medical problems of the personnel who are traveling, and he or
she should advise all traveling members to pack an adequate
supply of their medications in their original containers with the
prescription label. A spare pair of glasses and/or contacts should
also be carried.

The Centers for Disease Control and Prevention Web site
provides information about any required vaccines or travel
health risks and whether a yellow card for proof of vaccination
is needed for specific destinations.” The US Department of
State Web site provides information that details any travel warn-
ings.” Many destination countries will have limited medical
resources.

During travel, the team physician may have to provide more
services than are normally expected while at home. It is prudent to
carry the fanny pack with travel and emergency supplies and
medications for easy access during travel. The medicines that are
most likely to be needed are those for traveler’s diarrhea, cellulitis,
dermatitis, and upper respiratory infections. An albuterol inhaler
and some diphenhydramine would also be advisable. If air or sea
travel is involved, motion sickness medications for those who are
susceptible may be quite helpful.

Covering any event takes forethought and planning. The physician
should know whether he or she is covering a game, a tournament,
or a mass-participation event. The number of personnel to be
covered, including athletes and coaches, affects the quantity of
material to take. Sometimes the physician will be responsible for
providing care for spectators as well. It is also essential to know
what equipment is available at the event site and what other
medical assets are immediately available.'""® The response time
and skill level of the local emergency response should be taken
into account. Some sports have unique or frequent injuries, and
the provider should be prepared to handle these (e.g., nosebleeds
in wrestling).

If the physician is covering an unfamiliar sport or event, various
resources can be used to ensure proper sideline preparedness.
Discussing the medical coverage of the event with the local athletic
trainer and with colleagues with experience can be especially
valuable. Literature searches can provide data regarding sport-
specific injury patterns; physicians should refer to the National
College Athletic Association Injury Surveillance System.'* Many
sports medicine—related Web sites have links to consensus
statements regarding preparation for mass-participation events,
sideline preparedness, and game bag inventory."'*"

Because no list can be comprehensive and cover every
contingency, the following are some guidelines for what to take in
the game bag. Physicians have their personal preferences, which are
developed with experience. Consideration as to how material will be
transported and staged is important; one does not want to have to
carry undue amounts of material over long distances. The physician
should be prepared to carry the medical gear unless other arrange-
ments have been made. Appropriate additions, deletions, and

Medical emergency gear

substitutions should be made as required or desired to tailor the
physician coverage bag appropriately.

MEDICAL EMERGENCY GEAR

Although they are uncommon, medical emergencies should
be handled promptly by the coverage physician and support
personnel using basic life support skills  with universal
precautions.'’  Planning before the event should include
determining what emergency gear is available at the venue,
what emergency services are available and how to contact
them, and the average response time. The basic emergency
equipment should be carried on the physician’s person in a
small fanny pack or in a rapidly accessible container in the
game bag that is kept within easy reach on top of the bag (also
called a blowout kit).

Medical emergency equipment may be grouped into categories
that are similar to life-support categories: airway, breathing, circu-
lation, disability/drugs, and exposure. Recommended gear for
emergencies is listed in Table 3.1. Not all of the material may
be applicable to each situation, and the items should be adjusted
accordingly. Some of the gear is large and should be supplied at
the venue. The physician should carry a pocket mask or another
means of delivering mouth-to-mouth resuscitation. If it will take a
prolonged time for emergency crews to respond, consideration
should be given to carrying a bag—valve—mask device. When
covering a football event, it is necessary to have the ability to
remove the mask to obtain airway access without removing the
helmet. Items are readily available and include polyvinyl chloride
pipe cutters and trainer’s angels.16 Screwdrivers seldom work
because the screws are often rusted or stripped. If there is a poten-
tial for facial trauma that can compromise the airway and make
mouth-to-mouth and bag—valve—mask support difficult or impos-
sible, consideration should be given to being able to perform an
emergent surgical airway. Because it is very unusual to have car-
diac emergencies that need to be treated on the field other than
ventricular fibrillation or pulseless ventricular tachycardia, an auto-
matic external defibrillator is recommended to be on site, whereas
the numerous cardiac medications associated with advanced car-
diac life support are not recommended.

Diagnostic instruments

The basic diagnostic instruments are listed in Table 3.2. A gluc-
ometer is recommended when covering events in which diabetic
athletes are participating. If the physician is taking fluorescein
strips, he or she must remember to take an appropriate blue
light. If heat casualties are a concern, a rectal thermometer
should be available to determine accurate core temperatures.

Wound care

The equipment and supplies needed to treat various wounds are
noted in Table 3.3. Controlling bleeding and cleaning gross blood
from uniforms is necessary to remain in competition in most
sports, so appropriate materials for this (e.g., peroxide) should
be in the bag. In addition to the usual medical instruments, a
multitool device such as a Leatherman or Gerber can have many
uses in the field, including opening stuck chinstraps.

Orthopedic material

Sufficient materials to provide immediate care for orthopedic inju-
ries should be in the game bag.'® A suggested list is provided in
Table 3.4. If there is a likelihood of a femoral shaft fracture, a Hare
traction splint should be available.
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Table 3.1 Emergency Equipment

Table 3.2 Diagnostic Instruments

General/Diagnostic

Communication: cell phone or radio with local emergency numbers
Paper and pen

Gloves

Stethoscope

Penlight

Multitool (e.g., Leatherman, Gerber)

At the Venue

Oxygen, tubing, and mask

Automatic external defibrillator

Backboard with cervical spine stabilization material
Crutches

Airway

Face shield/pocket mask

Oral airways (small, medium, and large)

Nasal airways (26, 28, and 30) with lube packet

Trainer's angels, polyvinyl chloride pipe cutter, screwdriver, or facemask
extractor for football helmets

Intubation and/or cricothyrotomy materials if the need to establish a
definitive airway is anticipated

Breathing

Pulse oximeter

Bag—valve—mask/ambubag if prolonged ventilation may be necessary
Suction

Vaseline gauze and/or Asherman chest seal if there is a risk for
pneumothorax

Circulation

Intravenous infusion set

Roll of sterile gauze dressing

4 x 4 inch sterile gauzes pads

Tape: athletic self-adhesive wrap
Tourniquet if there is a risk for severe laceration (e.g., speed skating)
Disability and Drugs

Cervical collar

Glucose tablets

Albuterol inhaler

Epinephrine, 1:1000, 2-3 mL (e.g., EpiPen)
Diphenhydramine, injectable, 50 mg
Aspirin, 81 mg

Nitroglycerin, sublingual, 0.4 mg or spray
Exposure

Penlight/flashlight/headlamp

Trauma shears

Medications

This is often the most variable part of the bag.” In particular,
cardiac conditions are rare in the athletic population. Ventricular
fibrillation and pulseless ventricular tachycardia would be the most
likely life-threatening situations to occur, and they may respond
to the rapid administration of electricity by automatic external
defibrillator. Otherwise, the physician will rarely encounter
other cardiac conditions that can be addressed adequately in
the field. Therefore, carrying additional cardiac medications and
a full defibrillator that can provide a pacing capability is not
recommended.

Stethoscope

Thermometer (rectal if heat casualties are anticipated)
Blood-pressure cuff

Oto-ophthalmoscope

Penlight

Fluorescein strips with blue-light ophthalmoscope
Reflex hammer

Vibrating fork

Eye chart

Goniometer

Headlamp (enables illumination while leaving hands free for rendering treatment)
Glucometer
Spare batteries
Pregnancy test
Peak flow meter

Table 3.3 Wound Care Supplies

Scissors: trauma, lris

Hemostats

Forceps: tissue, splinter

Scalpels: #10 and #15

Stapler and staple remover

Steri-Strips: various sizes

Benzoin

Band-Aids: multiple sizes, including knuckle and four-wing bandages
Dermabond

Fingernail polish remover/acetone (for Super glue removal)
Alcohol swabs

lodine swabs

Syringes: tuberculin, 3 mL, 5 mL, 10 mL

Needles: 18 gauge, 22 gauge, 25 gauge, 1.5 inches
Suture material: various sizes and types

Suture packs

Tape: athletic 0.5, 1, and 1.5 inch; Elastikon 2 and 3 inch; Coban 1 and
2 inch; Expandover

Bandages: Tegaderm; Telfa; blister bandages; Second Skin, 1 inch;
Adaptik; Vaseline gauze

Nonstick bandages: 8 x 3 inch
4 x 4 inch: sterile and nonsterile
2 x 2 inch: sterile and nonsterile
Neosporin packets

Benzocaine sticks (Medco)
Styptic (Monsel’s solution)
Dental rolls (for nosebleeds)

Alcare Plus or Hibiclens for potential methicillin-resistant Staphylococcus
aureus (Steris: 1-800-548-4873)

Moleskin

Com shaver

Cuticle cutter

Nail clippers

Sting Xtractor (TECNU Enterprises: 1-800-Itching)
Tube gauze and applicator

Lancets (for blister care)



Table 3.4 Splinting and Bracing Materials

Crutches

Sam splint or plaster

Orthoplast (especially if the facility has a hydrocollator to mold it)
Shoulder slings

Straight-leg immobilizer

Ankle brace

High-density foam (e.g., to cut donuts for acromioclavicular joint)
Ace bandages: 3, 4, and 6 inch

Triangular bandage and safety pins

Finger splints (put into small tackle box)

AlumaFoam and trauma shears to cut it

Thumb splint

Wrist splint

Neoprene knee sleeve

Hare traction splint

Table 3.5 Medications

Essential Medications
Diphenhydramine, oral and injectable
Epinephrine, 1:1000, 2 or 3 mL (e.g., EpiPen)
Glucose tablets

Albuterol inhaler

Medicine envelopes

Altitude Medications (for Travel to Areas over 10,000

Feet)

Diamox

Dexamethasone

Nifedipine

Antibiotics
Amoxicillin/clavanulate
Ciprofloxacin

Cephalexin

Erythromycin or clindamycin
Doxycycline

Trimethoprim—sulfamethoxazole (for methicillin-resistant Staphylococcus

aureus)
Rocephin
Acyclovir or valacyclovir

Anti-inflammatory Drugs, Muscle Relaxants, and Pain

Relievers

Ibuprofen

Indomethacin

Celebrex

Acetaminophen

Flexeril

Prednisone

Controlled Medications for Special Circumstances
Acetaminophen with codeine
Morphine

Naloxone

Antiallergy Drugs, Antihistamines, and Motion-Sickness

Drugs
Meclizine
Diphenhydramine

Medical emergency gear e

Loratadine

Scopolamine patch

Cardiac Medications

See emergency section

Eyes, Ears, Nose, and Throat Drugs
Tobramycin ophthalmic drops

Ophthalmic anesthetic drops

Otic suspension or fluoroquinolone otic drops
Mydriatic agent

Eyewash

Artificial tears

Nasal steroid

Saline nose spray

Afrin

Pseudoephedrine

Cough syrup

Gastrointestinal Medications
Over-the-counter antacid

Proton-pump inhibitor

Antiemetic, injectable, oral, suppositories
Loperamide

Stool softener

Magnesium citrate or another laxative
Pepto-Bismol

Gynecologic Medications

Oral contraceptive pack

Fluconazole, 150 mg, or clotrimazole vaginal cream
Metronidazole or clindamycin vaginal cream
Sulfanilamide cream

Injectable Drugs

Lidocaine with or without epinephrine
Marcaine

Triamcinolone, 10 mg/mL and 40 mg/mL
1 ampule of 50% Dextrose solution
Tetanus immunization

EpiPen (or EpiPen Jr)

Diphenhydramine

Phenergan

Pulmonary Drugs

Albuterol inhaler

Inhaled steroid (for travel)

Spacer

Paper bag

Sleep-Inducing Medications
Ambien or Sonata
Topical/Dermatologic Drugs
Antifungal cream

Antibacterial ointment or cream

Mupirocin ointment (for methicillin-resistant Staphylococcus aureus)

Betadine
Medicated first aid spray
Hydrocortisone cream, varying strengths

Peroxide, another blood remover, or a 10% bleach solution

Zinc
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Table 3.5 Medications—cont’d

Table 3.7 Miscellaneous Equipment

Calamine/Caladryl

Lip balm

Head lice treatment
Urinary Medications
Pyridium, 200 mg

Table 3.6 Head, Eyes, Ears, Nose, and Throat
Supplies

Nose packs

Fluorescein and otoscope or penlight with a blue light
Small mirror (for putting contact lenses in)

Small eye suction cup (for removing contact lenses from lid)
Contact case and saline eye flush

Eye protector (hard eye shell for protection in a case of suspected or
confirmed globe trauma)

Eyeglass repair kit

Eyewash

Ear and eye medications (see Table 3.5)

Dental floss

Save-A-Tooth emergency dental kit (found in any drug store)
Dental wax/sugarless gum (for protection of braces)

Medications should be carried to address the usual routine
and field issues. When traveling, the physician should carry
antibiotics to cover routine illnesses like skin infections, upper
respiratory congestion and infections, and gastrointestinal pro-
blems. Suggested medications to carry are listed in Table 3.5.
Vaccinations should be performed as required before any travel,
and proper documentation should be carried as needed.

Eye, ear, nose, and throat

Supplies to handle field care for eye, ear, nose, and throat issues
are listed in Table 3.6. If an orbital globe rupture is suspected,
pressure should not be applied to the eye, but a firm protective
covering should be placed around the bony orbit to protect the
globe contents.

Miscellaneous items

Other items that should be considered for the team bag are listed
in Table 3.7. A knife and a multitool device may also be useful,
depending on the location of the event.

Comfort items

Comfort items for the physician and the athletes are listed in
Table 3.8. This list can be modified as needed to fit personal
taste. Coaches seem to always have headaches, so appropriate
over-the-counter medication may be handy.

Administrative supplies

A certain amount of reference material and paperwork may be
necessary, depending on the event covered, and forms to docu-
ment medical care may be required. Depending on the athletes
and the medications involved, the US Anti-Doping Agency hand-
book may be particularly useful for covering a competition in

Hand sanitizer

ToughSkin

Petroleum jelly

Skin lubricant

Icy Hot

Tissues

Zip-top bags

Biohazard bags

Tape Shark (for cutting tape)

Tape measure

Small sharps container

Examination gloves, regular and latex free
Sterile gloves, regular and latex free
Cotton-tipped applicators

Tongue depressors

Tiger Balm

Cooling balm

Shoelaces

Safety pins

Sewing kit

Salt/electrolyte replacement packets
Ice bags and wraps to hold them on
Lighter (use caution when boarding an airplane; the rules are constantly
changing)

Ring cutter

Duct tape

Baby powder

Whistle

Velcro

Hot sauce (mix with water and drink to decongest nasal passages; can
also eat wasabi)

Silly Putty or reaction ball (for occupational therapy)

which athletes may be drug tested.!” See the list of suggested
administrative supplies in Table 3.9.

Sport-specific supplies

Specific sports may have a particular problem that is frequen-
tly encountered. Some suggestions for supplies are listed in
Table 3.10. For example, having enough supplies to cover numer-
ous skin scrapes would be important when covering a game on
artificial turf.

Covering events can be as logistically easy as volunteering at the local
basketball game or as complex as a multination international tour.
Planning for the event enables the physician to provide an adequate
first response to field emergencies. The materials to be carried in the
game bag are dependent on a number of factors, including physician
experience and preference. A rather thorough set of recommended
equipment and supplies has been presented for the physician to use
to tailor the game bag to best meet the coverage needs for a specific
event. In this day of evidence-based medicine, the items in the team
physician’s coverage bag remain the product of expert opinion, con-
sensus, experience, and personal choice.



Table 3.8 ComfortItems

Sunscreen/aloe

Over-the-counter headache and pain medications (e.g., acetaminophen,
ibuprofen)

Over-the-counter antacid

Hard candy

Towel

Wipes, bleach wipes

Emery board

Disposable razor

Playing cards

Lock

Earplugs

Space blanket

Back plaster

Poncho

Eye black

Alarm clock

Arch supports

Insect repellent

Massage cream/baby lotion/hand lotion
Tampons/sanitary napkins

For International Travel

Small packets of tissues (may need to use as toilet paper in remote areas)
Electric transformers

Table 3.9 Administrative Supplies

Patient care documentation form
Notebook

Concussion assessment form
Prescription pad

Pens

Permanent markers

Head-injury assessment form

References (e.g., Sanford Guide,* EMS Field Guide, 5-Minute Sports
Medicine Consult': may also be available for personal digital assistant)

US Anti-Doping Agency Guide®
Business cards or phone numbers for local specialists (e.g., dentist,
orthopedist, neurosurgeon)

*Sanford Guide to Antimicrobila. Available at www.sanfordguide.com.

Bracker MD (ed): 5-Minute Sports Medicine Consult. Philadelphia, Lippincott
Williams & Wilkins, 2001.

fus Anti-Doping Agency: USADA 2007 guide to prohibited substances and prohibited
methods of doping (Web site): Available at www.usantidoping.org/files/active/what/
usada_guide.pdf. Accessed April 10, 2007.

Table 3.10 Sport-Specific Supplies and Concerns

SkKiing
Hat
Mittens
Ski tool

Conclusion e

Warm Weather
Salt packets

Rectal thermometer
Basketball

Eye injuries

Crew

Skin issues
Cycling
Acromioclavicular separations
Clavicle fractures
Road rash
Football

Helmet-removal tool (screwdriver, pliers, football facemask removal tool;
many versions can be found online)

Spare mouth guards

Ice Hockey

Lacerations

Dental injuries (have a dental kit and phone numbers for referral)
Mass-Participation Event

Blister care

Hyponatremia (salt packets)

Heat and/or cold injuries

Running

Blister care

Chafing

Swimming

Chafing (petroleum jelly)

Eye irritation (Visine, Vasocon-A)
Tampons

Rugby

See Wrestlers/boxers

Special Populations

PEDIATRIC ATHLETES

Suspensions and chewable medications
SpecIAL OLYMPICS ATHLETES

Lorazepam or diazepam for seizures
DISABLED ATHLETES

Hand blisters

Thermoregulation issues

Autonomic dysreflexia

Syncope

FEMALE ATHLETES

Sanitary napkins and tampons
Naproxen and Motrin

Vaginal infections (for Candida and bacterial vaginitis)
WRESTLERS/BoOXERS

Nasal hemopack

Cotton nose packs (dental pledgets or junior tampons will do in a pinch)
Vaseline

Gauze

Drysol or styptic (these athletes are too sweaty to keep Steri-Strips in
place)
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CHAPTER

Mass-Participation Event Coverage

Scott W. Pyne, MD, FAAFP, FACSM

KEY POINTS

+ Advanced planning and preparation are essential to the
successful medical management of mass-participation events.

- Medical leadership should follow clear lines of communication
and must interact with event leadership with mutual respect
and shared common goals.

+ The establishment of the level of medical care provided and a
contingency plan for the disposition of more severe conditions
requires cooperation, communication, and coordination with
numerous supporting organizations.

- Injury prevention, medical condition identification, and specific
treatment plan education of participants and event and
medical support staff is recommended both before and during
an event.

- Documentation and summarization after an event are helpful
for the planning of future events.

INTRODUCTION

The medical coverage of mass-participation events presents a
unique, exciting, and challenging opportunity to literally bring
medical care to the masses. Although sports doctors are adept
at treating athletes individually, additional skills and advanced
planning are required to provide optimal care in these diverse
settings. Mass-participation events, which are those in which
many people participate simultaneously, are generally spread
out over several miles, many distinct sites, and variable terrain.
They may include single-discipline or multiple-discipline events
with competition for individuals or teams. Advanced planning
and preparation are critical to successfully accommodate the
medical needs of the event participants."™ As the leader of the
medical team, the medical director’s main goal is to implement
strategies to prevent serious injury and illness.” This is accom-
plished through the numerous responsibilities of planning, com-
municating, and organizing in addition to caring for injured
athletes. An awareness of the rules of the event is essential for
providing care within the framework of the competition.(’ The
needs of the athletes who are competing must be considered
well before the event, with specific consideration given to the
type of event, the number of participants, any course peculiarities,

and environmental predictions; all of these are guiding principles
when determining the medical assets required.

EPIDEMIOLOGY

To best understand the requirements of a given event, it is helpful
to review epidemiologic data regarding like events. Injury rates
have been well documented in the medical literature: running
(<21 km), 1% to 5%; triathlon (51 km), 2% to 5%; Nordic skiing
(55 km), 5%; cycling (variable distances), 5%; youth wrestling,
12.7%; ice-skating marathon, 14.3%; running (42 km), 1% to 20%;
triathlon (225 km), 15% to 30%; and, wilderness multisport endur-
ance event, 70%.”

Team sports injury rates are often expressed as frequency per
1000 player hours. Documented rugby tournament injury rates are
interesting in that they vary from 32 to 97.9 injuries per 1000 player
game hours.'*!® A 10-year experience of USA CUP soccer injuries
revealed an overall decrease in injury rates from 19.87 in 1988 to
9.89 in 1997."7 Team-sport tournament coverage has the additional
medical challenges of physical contact in combination with endur-
ance and recovery requirements between multiple competi-
tions.*'® The disparity of injury-rate data may also be explained
by differing definitions of injury, different inclusion criteria, and
variable athlete experience levels.

Increased distance and environmental temperature during
endurance events have been shown to increase injury rates.'?>!
Similar data have not yet been demonstrated for team sports,
except with regard to the incidence of heat injury."”

The experience of previous years is very helpful during the
medial planning process for subsequent years’ events; this stresses
the importance of a reliable injury data tracking system. Similar
events in similar elements can also be considered during the initial
planning and preparation stages of new events.

Injury type and distribution data are also useful when planning
for medical supplies and staffing expertise. Fortunately, the risk for
morbi;lzity and mortality in mass-participation events is quite
small.

MEDICAL DIRECTOR

As a key advisor to the event director, the medical director
must lead the medical team and ensure that the event is conducted
with the safety of the competitors being of utmost importance.
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Often this is lower on the list of the competing priorities that face
event organizers, who must balance sponsor, financial, and com-
munity concerns. Mutual respect, common goals, and direct lines
of communication between the event directors and the medical
directors are essential to the smooth conduct of mass-participation
events. It is strongly suggested that a written agreement outlining
the mutual responsibilities of the medical team and of the organiz-
ing body be agreed upon during the initial planning phases of the
event.'

In extreme conditions, the medical director may advise that the
event be cancelled, modified, or rescheduled. It is best that these
possibilities and contingency plans be discussed with event man-
agement and that action plans be prepared and published before
the day of the event. It is helpful to have clearly delineated criteria
to use to make these decisions. Wet-bulb globe thermometers,
wind-chill calculations, and lightning warning systems are all
objective evaluation tools that can be used on site and frequently
reassessed.'

It is advisable to assess the course for any potential trouble
spots or hazards and to take steps that are designed to mitigate
injury. The start and the finish are common sites of medical con-
cern. The start area should be on a large, level surface that is
devoid of obstacles, allowing the athletes to more easily accom-
modate the surge that invariably occurs as an event begins. The
finish area should also be large enough to prevent the athletes
from bunching up and being forced to stand in one place, thereby
risking postexercise hypotension and collapse.'”* It should have
necessary facilities and resources to allow the athletes to properly
cool down, warm up, and recover after the event, and it should
also offer easy access to medical treatment areas.

Likewise, fields of play and rest areas should be reviewed for
team sports. Playing areas should be free of hazards, and the
playing surface should be in good condition. The medical director
should evaluate the availability of shade, access to water, bath-
room facilities, and warming areas specific to the event.

Biking, swimming, and skiing events carry additional risk ele-
ments,”* such as water safety and trauma potential associated with
high speeds and hard surfaces. Water temperature and sea condi-
tions; road conditions; transition, acceleration, and deceleration
areas; and protective equipment must be carefully scrutinized.

The medical director is often responsible for recruiting, training,
and supplying the medical support staff as well as ensuring their
safety and comfort. Shelter from the elements, efficient transporta-
tion to and from the medical care site, the provision of bathroom
facilities, and a generous feeding plan often go a long way toward
ensuring support staff during subsequent years.

MEDICAL PHILOSOPHY

The medical philosophy defines the level of medical care that will
be available at the event and to whom it will be provided. Risk
assessment incorporates the multiple variables considered during
the conduct of the event and the likelihood of injury on the basis of
that risk. By defining risk, strategies to prevent and treat injury can
better be developed.”> This assessment should be reviewed and
agreed upon by the medical director and the event director during
the early event-planning stages. The risk level may differ among
the aid stations throughout the course, with the most robust
resources usually being provided at the finish area. Differences
may also exist that are based on the number and demographics
of the participants and on resource availability.

A decision must be made regarding how spectators requiring
medical assessment and care will be addressed. Spectators are
still exposed to the same elements as the athletes, and they
share common injury and illness risks (albeit to a lesser extent).
A level of responsibility for the provision of their medical needs

exists for event management, and this often falls to the medical
team. Several reviews of mass-gathering medical care and cover-
age have been published to aid in the assessment of need require-
ments for this population.m‘)’o

Coordination with the local emergency medical service (EMS)
and emergency departments and hospitals is absolutely required.
It is unlikely and unreasonable to expect all event medical stations
to have access to the same level of care as these fixed facilities.
Although the medical team should address patient safety and the
conservation of assets, it should also include a decision mechanism
regarding when and where to transport injured athletes. Many
diagnoses may be appropriately evaluated and dispositioned
from a more robust medical aid station rather than involving
EMS and hospital assets, which are more appropriately reserved
for cases with higher levels of acuity.

Fortunately, EMS organizations can often assist with patient
distribution through their dispatch systems; this ensures that
patients are transported to facilities with available access and a
necessary level of care to meet their needs. The medical director
should be well versed in both local and state EMS laws regarding
the initiation of patient contact and the on-site physician respon-
sibilities and limitations when dealing with these EMS units.
Pre-event collaboration among clinicians is an opportune time to
review facility capabilities and common event-specific injuries and
illnesses that may otherwise be infrequently encountered in the
hospital setting.

Mobile medical assets in the form of bike, canoe/kayak, all-
terrain vehicle teams, and ambulance EMS units provide an excel-
lent means of accessing injured competitors throughout the course®'
(Figure 4.1). Their ability to easily move to injured participants
allows for earlier evaluation and the initiation of definitive care.

Medical documentation with patient identification should be
performed for all contacts, especially those requiring transporta-
tion to higher levels of care. Remember that written patient assess-
ment should remain confidential. These documents should be
maintained for reassessment after the event.

It is essential to provide basic life support and first aid'
(Figure 4.2). Access to external automated defibrillators has
been shown to improve survival in cases of out-of-hospital cardiac
arrest.® The use of and type of intravenous fluids and the
availability of oxygen, medications, and advanced cardiac and
trauma life support equipment are areas that require clarification.
A decision must be made regarding the provision of medication on
the event course and in the medical aid stations. For longer events,

Figure 4.1 Mobile medical assetsinthe form of bike, canoe/kayak, all-terrain
vehicle teams, and ambulance emergency medical service units provide an
excellent means of accessing injured competitors throughout the course.



Figure 4.2 The use and type of intravenous fluids and the availability of
oxygen, medications, and advanced cardiac and trauma life support
equipment are areas that require clarification. Decisions must be made
regarding the provision of medication on the event course and in the medical
aid stations.

it is not uncommon for athletes to carry and take their own med-
ication during the event. This must be anticipated to best treat the
competitor and to prevent overprescribing. Urgent or emergency
medications such as aspirin, epinephrine (auto-injector), albuterol
(metered-dose inhaler), glucose, and advanced cardiac life support
medications should be considered with regard to the time required
to access definitive medical care. All medications should be tightly
controlled by the medical team, and their use should be clearly
documented.

Medical aid stations may or may not have basic laboratory
capabilities. The ability to assess an athlete’s blood glucose and
sodium levels will assist with rapid evaluation and allow for the
appropriate treatment of a collapsed athlete.®® Handheld glucose
and electrolyte monitors are readily available, and they have
become part of the standard medical kit for many endurance
events.**

MEDICAL CHAIN OF COMMAND

The importance of identifying an individual to serve as the medical
director deserves discussion. Their responsibilities include plan-
ning, event-day medical decision making, and medical trouble-
shooting. The medical support staff, the event director, and the
media all benefit from having individuals who are
clearly identified by specific roles (rather than a general medical
committee) to answer questions and to provide leadership
regarding medical issues.

It is also recommended that each aid station have an assigned
medical leader who is well versed in the event’s medical philoso-
phy and plan. This medical leader can organize the support staff;
coordinate the medical care that is provided locally; familiarize
those on the medical team who are unable to assemble before
the event with the plans for the event; and update members
with less knowledge about the event’s medical philosophy.

MEDICAL AID STATION STAFFING

The appropriate staffing of medical treatment areas with both
medical and nonmedical staff is important for the safe conduct
of the medical aid station. The composition and number of this
staff will vary, depending on the location and the nature of the

Finance and logistics planning

event. The number makeup can be best derived from previous
experience, through comparison with similar events in similar con-
ditions, or by using risk-assessment analysis. A helpful guide from
the American College of Sports Medicine” for distance running
events is to provide the following medical personnel per 1000
runners: 1 to 2 physicians; 4 to 6 podiatrists; 1 to 4 emergency
medical technicians; 2 to 4 nurses; 3 to 6 physical therapists; 3 to 6
athletic trainers; and 1 to 3 assistants. Approximately 75% of these
personnel should be stationed at the finish area. Nonmedical staff
can assist with the transport of injured athletes, documentation,
medical tracking, and the provision of information within the
medical aid station and to the event staff.

After the event, it is most important to elicit feedback from both
medical and nonmedical staff. This often identifies areas that had
not been considered during the initial planning and execution
phases of the event, and it demonstrates to the staff the value of
their participation and critique. A written after-action report as a
follow-up to these comments is highly recommended because it
allows for the documentation of areas of concern, the develop-
ment of solutions, and the preparation for subsequent events.

COMMUNICATION PLAN

It is vital that event medical support sites have the ability to com-
municate with each other, with EMS assets, with local hospitals,
with the event director, and with competing athletes before,
during, and after the competition. This becomes increasingly
important when vast distances and terrain are covered by the
event.

Various communication networks have been used that
have included cellular phones, computer networks, ham radio
networks, handheld radios, flag systems, and large signs. These
systems should be tested well before the event, and a secondary
system and a backup plan should be established in case there is a
failure of the primary means of communication. Cellular phone
and radio reception are especially problematic in remote settings,
and they may vary with terrain features and weather conditions.

A communication plan outlining how EMS will be requested
and dispatched and when various members of the medical and
event team need to be contacted will increase the efficiency of the
medical care provided. Often a medical command center with
the medical director, an EMS dispatcher, and a communications
coordinator is established near the medical aid station with the
highest volume of patients.

The event information plan also requires a functional and
timely communication system. This plan often involves a separate
information area. The medical team must establish a protocol for
sharing information regarding the status of injured and medically
transported participants while maintaining patient privacy. Aid
stations should have a patient-tracking mechanism that includes
intake, disposition, and discharge information that is communi-
cated to the information center for dissemination according to
the event plan. One common indication for a predefined system
is when worried family members and friends who are unable to
link up with competitors present to the medical aid stations
requesting information. An information area that is separate
from the medical aid station allows for the accurate provision of
information according to the event plan while minimizing the
disruption of the efficiency of medical aid station functioning.

FINANCE AND LOGISTICS PLANNING

The conduct of mass-participation events both requires and has
the potential to generate money. Medical directors must ensure
that the safety of the participants and the support staff is not
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compromised by decisions to increase revenue for the event. The
medical director must be involved in any plans that may have
medical implications. He or she must be a core member of most
preplanning activities.

Exacting care should be taken when reviewing the financial
aspects of event medical coverage because insufficient funds
should not result in insufficient medical care. Calculating the
costs of medical supplies, transportation, and personnel compen-
sation must be performed and agreed upon early in the event-
planning process. The groups that are responsible for payment
should be identified and the funds verified. Supply lists should
be generated, and agreements regarding procurement and pay-
ment should be made in writing. Additionally, all contracted med-
ical staff should have signed agreements.

Accurate course maps are useful to both competitors and
event staff. It is best that maps be to scale and that aid, fluid,
and feed stations and prominent landmarks be identified. Terrain
maps are especially useful for long-distance wilderness endurance
events. Maps should be liberally distributed and available at all
medical aid stations.

The spacing of medical aid stations throughout the course is
determined by many variables (Figure 4.3). The course must be
previewed, and the location of medical aid stations should be
established on the basis of anticipated need, appropriate location,
and course-specific considerations.”> Medical aid stations must
be easily identifiable to both competitors and EMS units. Large
inflatable balloons, flags, and placards with a red cross on a
white background are universally recognizable. Uniforms, shirts,
vests, or identification badges are just a few ways to make the
medical staff clearly and distinctly identifiable to all.

The logistics of staging, setup, security, and the movement
of supplies and personnel before, during, and after the event
generally falls to event management. As part of the pre-event pre-
paration, the medical team must be confident in the plan to deliver
temporary facilities, cots, chairs, and medical supplies to the medical
aid station sites. The ability to resupply aid stations during the event
must be balanced with the considerations of availability and ease of
movement to and from these areas during the event. It is generally
preferred to have all supplies on site before the start of the event.

The medical team should also advise the event coordinators
about fluid and food composition, availability, and distribution
throughout the event to optimize competitor safety.’ The increased
availability of fluid stations may result in an increased risk of
exercise-associated hyponatremia in slower runners.*

Figure 4.3 Medical aid stations must be easily identifiable to competitors
and emergency medical service units. Large inflatable balloons, flags, and
placards with a red cross on a white background are universally recognizable.

TRANSPORTATION PLAN

The transportation of people, supplies, and injured competitors
requires planning and coordination on multiple levels, and the
plan must be carefully scrutinized. Medical evacuation routes
must be established to avoid conflict with the event in progress
and to ensure the most efficient means of transport. This includes
access from the event site to the medical aid stations and EMS
access from the event or medical aid station to a higher level of
medical care. These routes should remain clear of obstructions and
crowds, and they should be prominently identified. If the event
risk assessment identifies the possibility of patient injury requiring
transportation via helicopter, landing sites should be predeter-
mined and clearly marked.

Medical team members must be able to arrive at their assigned
location in advance of the start of the event. The time required
to set up and organize the aid station, assign roles, and provide
on-site medical education should be accounted for accordingly.
The medical team must also have a means to depart the aid station
and dispense with any equipment and supplies when the event
concludes. The staff may make use of personal or public transpor-
tation; in some settings, the transportation plan will be included as
part of the overall event plan.

It is not unusual for participants to decide that a medical
treatment area is a good place to end their participation in the
event. If this decision is realized in the middle of the course,
a plan for the removal of these athletes must be implemented.
Many events have a “sweep” vehicle that follows the last compe-
titors and that can transport these participants to the finish area.
Other transport arrangements may be available, depending on the
nature of the event, but the need for them and arrangements for
their use must be anticipated before the event.

MEDICAL TRAINING

Participant training

Competitors should be given medical information before the
event. This is most easily provided with the event information,
and it can be coordinated through the event director. Additions
to event Web sites, handouts to accompany the event pick-up
packet, and information posters displayed in common areas
before and during the event are several effective examples.

Common medical conditions and their prevention, the location
of medical aid stations on the course, and available services at
these areas assist the participants with their planning and prepara-
tion for a safe event. Medical presentations to the athletes and
interest groups are often well received, and they may be coordi-
nated through local or national athletic groups or as part of pre-
event meetings.

Race-day information regarding weather conditions and health
warnings has been used with success at numerous events.” This
provides the participants and coaches with information that can be
useful when planning their level of participation and for determin-
ing specific changes in their pre-event preparation.

Medical staff training

It is common for the medical support for mass-participation events
to be gathered from diverse backgrounds and experience levels.
Most of these individuals are better versed in medical care within
a clinical or hospital facility than in the field environment. The
medical plan, philosophy, chain of command, and level of care
provided must be reviewed with the medical staff. It is helpful
(although not always practical) to provide an education session
before the day of the event. Group training allows for the



introduction of key members of the medical and event team, and it
allows for the review of overall plans and strategies for the safe
conduct of the event. Questions from within a larger group are
often quite helpful for each individual. Providing triage and treat-
ment guidelines specific for the event in writing is very useful, and
it is also helpful to provide administration information about the
course, parking, proximity to water, food and facility stations, and
communication and transportation plans. Computer Web sites,
Listservs, and e-mails are other means of disseminating this
information.

TRIAGE AND TREATMENT GUIDELINES

The majority of the medical conditions presenting at a given event
can be predicted well in advance by a review of previous events
and numerous examples in the medical and event literature.
Preparing, training, and practicing for these conditions are impor-
tant for the evaluation, treatment, and disposition of injured
participants.

The initial evaluation of an athlete in the medical aid station
should focus on the severity of the injury.'” Fortunately, most
complaints are nonsevere in nature, and these patients can be
quickly treated and released. Common presenting conditions
include sprains, strains, aches, pains, and dermatologic conditions.

Severe medical conditions include cardiac events, hypothermia,
hyperthermia, hyponatremia, near drowning, and head and neck
trauma. These should be quickly differentiated from nonsevere
conditions by the evaluation of mental status, rectal tenrlperature,37
blood pressure, and pulse. Serum glucose and sodium levels may
also aid in the diagnosis. Depending on the medical care plan of
the event, some of these severe conditions may be treated at the
medical aid station or transported via EMS to the most appropriate
medical treatment facility.

Medical conditions such as exercise-associated collapse, heat-
stroke, chest pain, and hyponatremia can further be triaged and
separated from musculoskeletal and dermatologic conditions in
the treatment area (Figure 4.4). This separation of care allows
for the assignment and preparation of support staff in the area of
care in which they are most experienced. It also allows those
patients with more severe conditions to be treated in an area
with readily available access to medical testing, injury-specific sup-
plies, and close monitoring.

The establishment of a medical holding area has proven
successful.®® This area is reserved for athletes who are waiting
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Figure 4.4 Patients with medical conditions such as exercise-associated
collapse, heatstroke, chest pain, and hyponatremia can be further triaged
and separated from patients with musculoskeletal and dermatologic
conditions in the treatment area.
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for transportation for nonsevere conditions or for those who are
not prepared to leave the medical area but who do not require
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Medical treatment guidelines have been used successfully in
these settings. The guidelines should consider standards of medi-
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or transportation to higher levels of medical care.

One of the most anxiety-producing occurrences during the
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The medical management of mass-participation events is a
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ments for the successful conducting of these events. By following
established medical plans and treatment guidelines and by
remembering limitations with a focus on competitor and staff
safety, event medical care results in a fulfilling experience for
everyone involved.
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CHAPTER

Emergency Planning for Athletic

Events

Scott D. Flinn, MD, and Timothy Dwyer, MD

KEY POINTS

- There are three phases in the development and execution of the
emergency medical plan: the planning phase, the event phase,
and the review phase.

* When scheduling any athletic event, both environmental
conditions and community impact must be considered.

+ A“wave start” is an option for larger events in which the amount
of space at the starting area may be inadequate for all of the
competitors at once.

- The medical staff should receive training before the event that
addresses the overall medical strategy and intervention level,
medical record documentation, communication methods, the
disqualification of participants, the medical protocols to be
used, and the chain of command.

- The term exercise-associated collapse is used to describe
athletes who are unable to stand or walk unaided as a result of
light-headedness, faintness, dizziness, or syncope. Treatment
protocols should address immediate actions for the common
causes of exercise-associated collapse, including cardiac
arrest, exertional heat illness, hypothermia, and exertional
hyponatremia.

INTRODUCTION

As the scope and frequency of various athletic events broadens, so
does the role of the medical director. Developing a comprehensive
and appropriate plan for emergency medical coverage for athletic
events—whether game-day coverage for single or multiple venues
or a mass-participation event—requires much forethought. With
the use of proper planning techniques and resources, the medical
director, working in concert with the event organizer, can develop
a comprehensive medical plan that is focused on the safety of the
event participants. A clearly delineated agreement between the
event-organizing body and the medical director should define

The authors would like to acknowledge Ms. Lynne Johnson for all of her hard work on this
chapter.

the medical care and administrative responsibilities for the devel-
opment of a cohesive functional emergency medical plan.

The primary function of the medical plan is to prevent serious
injury or illness to competitors that may result in permanent dis-
ability or death. Additional consideration should be given to the
safety of all staff and spectators. For the scope of this discussion,
we will concentrate primarily on the planning and management for
the medical care of the competitors who are participating in ath-
letic events.

There are three phases in the development and execution of the
emergency medical plan: the planning phase, the event phase, and
the review phase.! As the planning process is started, any review
material from previous events is highly valuable to leverage the
successes and prevent the repetition of errors from earlier events.

Considerations during the development of the emergency med-
ical plan include event scheduling, reviewing the course or venue,
determining the medical strategy to be employed, making deci-
sions about competitor-specific items, establishing the logistical
requirements, and training personnel, including elucidating any
specific protocols to be used. '™

When scheduling any athletic event, both environmental condi-
tions and community impact must be considered. For events in
which heat injuries are a potential, starting events earlier in the day
may limit heat casualties. Likewise, events in colder conditions
should be planned to start later in the day and finish during day-
light, thus enabling the last finisher to be off of the course before
the onset of darkness and dropping temperatures.*®

When planning the event, the medical director and event
organizers should consider the establishment of a formal event-
cancellation policy for extreme circumstances.” This policy should
include specific reasons for event cancellation or postponement
(e.g., extreme heat or cold, lightning). If undue heat risk or other
factors may cause the cancellation or postponement of an event, a
policy should include a clear description of the process to inform
competitors and event staff members and to refund or credit event
fees, as applicable.

Various data may be used to aid in the decision making regard-
ing whether an event should be cancelled or postponed as a result
of heat, including the heat index and the Wet Bulb Globe
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Table 5.1 Wet Bulb Globe Temperature and Heat Risk

Wet Bulb Globe Temperature Level of Risk Comments

<B65°F or <18°C Low Risk low but still exists on the basis of individual risk factors

65°F-73°F or 18°C-23°C Moderate Risk level increases as event progresses through the day

73°F-82°F or 23°C-28°C High All competitors should be aware of injury potential; individuals at risk should not compete
>82°F or >28°C Hazardous Consider rescheduling or delaying the event until safer conditions prevail; if the event

proceeds, take added precautions to reduce risk factors

Formula: Wet bulb globe temperature =0.7 (wet bulb) + 0.2 (dry bulb) + 0.1 (globe).

Adapted from Armstrong LE, Epstein Y, Greenleaf JE, et al: Med Sci Sports Exerc 1996;28(10):139-148; Seto CK, Way D, 0’Connor N: Clin Sports Med 2005;24(3):695-718.

Temperature Index. The National Weather Service has created a
heat index chart (available at http://www.crh.noaa.gov/pub/
heat.php) that combines humidity and temperature measurements
to construct a scale that describes the relative heat and the risk of
heat illness. A more specific means for determining heat risk was
developed at the Marine Corps Recruit Depot in Parris Island, South
Carolina: the Wet Bulb Globe Temperature Index (available at
http://www.usariem.army.mil/heatill/appendc.htm). It is consid-
ered the standard for measuring heat stress, and it is used by the
US Armed Forces to anticipate troop heat exposure. The measure-
ment takes into account the ambient temperature, the radiant heat,
and the humidity to calculate a risk score. This score can then be
charted and the category of risk of heat-related illness assessed.
Wet bulb globe thermometers are available commercially. The
American College of Sports Medicine has published standards
regarding the heat risk for participating in athletic events on the
basis of the Wet Bulb Globe Temperature Index; these are shown
in Table 5.1.>7

When considering the impact of an event on the local commu-
nity, other scheduled events and local capabilities must be taken
into account. The availability and capability of local emergency
departments, 911 services, ambulances, and air evacuation
should be considered during the scheduling of the event."

The event or competition venue requires careful preview and
evaluation. Single or multiple venues may be involved. For
mass-participation events, particular attention must be paid to
the event start area. In particular, adequate room should be
available for all participants to start the event without danger of
trampling. A “wave start” is an option for larger events in which
the amount of space at the starting area may be inadequate for all
of the competitors at once. Varying skill levels and ages of com-
petitors can be used when planning a wave start. Other sport-
specific issues of starting area safety, such as avmdmg downhill
starts in cross-country skiing, should be considered.® Hazards of
the event course itself may include road conditions, altitude
changes, currents, reduced visibility because of hills or trees, over-
lapping or looping courses, and multisport transition zones.
Additionally, traffic and crowd control and emergency vehicle
access need to be taken into consideration.*®

Aid stations and shelters should be strategically positioned
based on the type of event, the number of participants, the skill
level of the participants, and the accessibility of emergency trans-
port. Ideally, stations should be spaced approximately every 15 to
20 minutes along the event course. Aid stations should provide
adequate protection from the elements for both the event partici-
pants and the medical personnel. The extent of protection should
vary with expected climate and weather conditions.' ™

The finish area should provide for ease of competitor flow, for
the appropriate triage and treatment of competitors who require

medical intervention, and for easy access to emergency transport.
The proper routing of participants who do not require medical
care is essential for an effective and efficient medical response at
the finish line.

MEDICAL STRATEGY

In concert with race organizers, the medical director develops the
medical strategy for treating injured participants. The primary con-
sideration is what level of care will be offered. This depends on a
number of factors, including the size of the event, the available
resources, and the talent of the medical team. Provisions for basic
first aid and basic life support are usually the baseline. Decisions
must then be made whether further care will be rendered on site or
whether the participant should be transported to another medical
facility. Medical team members should be trained for triage, appro-
priate intervention, And elther transport, disqualification, or return
to play, as appropriate.’* The medical director should also provide
the team with casualty estimates and specific treatment protocols.
Specifically, an exercise-associated collapse protocol and an
adverse event protocol are crucial parts of the medical strategy.®’
Depending on the strategy employed, medical team members
should have the equipment and supplies available to accomplish
the mission.

Competitor-specific interventions

Before the event, certain competitor-specific safety-related issues
must be considered. First is whether or not participants need a
prepamClpamon medical clearance and need to sign a medical
waiver."? Ensuring the fitness and appropriate health of competi-
tors can prove to be a difficult task. The use of the precompetition
medical examination supplemented by blood and urine testing
may be appropriate, and it may be required by sponsoring agen-
cies for certain high-risk venues and levels of competition.
Although liability is highly unlikely unless there is gross negli-
gence, the consideration of a medical waiver for participants
should involve legal counsel. Bib coding with medical information
may be used for the identification of high-risk competitors or of
those with concerning medical conditions. A policy for the invol-
vement and inclusion of disabled competitors and any special
provisions should be developed and reviewed as appropriate for
the specific nature of the athletic event. The medical disqualifica-
tion of participants should be rev1ewed and stated clearly to all
competitors and event staff members.'” The identification of med-
ical team members should be clearly explained to all competitors
and support staff. Signs, tents, name tags, shirts, hats, and jackets
are typically used with good success.

Competitors should be informed about what type of hydration
and feeding (if any) will be provided along the course. Specific
gear or equipment may be required, optional, or restricted for the
competitors. For example, wet suits and bicycle helmets might be



Medical strategy

Table 5.2 San Diego County Recommendations for Support Staff Based on Event Size

First Aid

Knowledge of First Aid Stations
Anticipated 911 Access and Basic First Aid  Stations Including BLS ALS
Crowd Size CPR Stations Including Nurse  Physicians Ambulances Ambulances Mobile Teams
Less than 2500 & o ¥
2500-15,000 * * f 3 f
15,000-50,000 g * * o "
Over 50,000 < < < < 2

*Required resource; multiple such resources should be considered depending on the boundaries of the event or the size of the crowd.

fRecommended resource; intended to ensure the safety of participants.

Basic First Aid Station

First Aid Station Including Nurse

First Aid Station Including Physician

The basic first-aid station is staffed by a person
who is trained and certified to render first aid
and cardiopulmonary resuscitation. The basic
first-aid station should contain three items: (1) a
plan for accessing 911; (2) someone trained in
cardiopulmonary resuscitation; and (3) a basic
first-aid kit that contains compresses, ice packs,
bandages, and antiseptic.

The first-aid station that includes a nurse has the
same elements as the basic first-aid station
plus a registered nurse with an appropriate
license. The registered nurse’s medical service
skills should include (but not be limited to)
triage and basic airway management.

The first-aid station that includes a physician
has the same elements as the basic first-aid
station plus staffing by an appropriately
licensed medical physician, and it may include
advanced cardiac life support medications and
defibrillator capabilities.

Adapted from The City of San Diego Office of Special Events: Planning the medical services for your special event (Web site): Available at www.sandiego.gov/specialevents/pdf/

medical.pdf. Accessed April 13, 2007.

required for a triathlon, whereas headphones or earplugs may be
restricted. Nontherapeutic braces or hard casts may be restricted in
some sports. For warm-weather events, information regarding the
use of sunscreen and the prevention of heat illness and hypona-
tremia should be included in information packets, with particular
attention paid to fluid- and salt-intake recommendations.*?”+1%1?

Logistics
Medical logistics for the race include determining the number and
type of medical personnel, the location and supply of aid stations,
and the communication and transportation requirements. The esti-
mation of the required support is usually based on the casualty
estimates. Casualty estimates will vary on the basis of the number
of competitors, the number of spectators, the level and extent of
competition, and environmental factors. For example, a weekly
high school football game will have far different requirements
than an iron-man triathlon. Historic injury rates and knowledge-
able local personnel are excellent sources of casualty estimates.
Consideration must be given to the number of trauma casualties
versus the number of medical casualties. High-speed events have a
higher incidence of traumatic injuries, whereas events involving
extremes of distance and of environmental conditions produce a
greater number of medical casualties. In marathons, an estimated
5% to 10% of competitors will require some medical intervention.'?
Triathlons usually have 2% to 5% of competitors seeking medical
assistance, whereas 15% to 35% of iron-man competitors require
assistance.'* Finally, one should consider the age range of the
participants because extremes of age may require special equip-
ment sizes and/or medications.

Aid stations

The location and function of the course aid stations will vary,
depending on length of the course, their position along the
course, and the extent of care being provided. In addition to the
basic aid stations along the route, there should be one or more
major aid stations at the start/finish and in the more remote areas

along the event route.>® These major aid stations should be staffed
and equipped to provide more care than other aid stations along
the route because more patients will likely be seen.

Special considerations may affect the location and supply of
recommended medical resources. These include the time of
the event (night versus day); the number of active participants
and spectators; alcohol availability and anticipated use; the demo-
graphics of crowd; the location of the event and different event
components; the weather and the time of year; the length of the
event; and problems that have been encountered with the event in
the past. 101214

The number and type of personnel available to staff aid stations
are important. The skill level required depends on the level of care
to be offered, whereas the number of staff is determined by the
casualty estimate.” Consultation with the local authorities and the
municipal office of special events may help determine the number
and type of personnel needed for aid stations. For example, the
City of San Diego Office of Special Events requires and recom-
mends various services based on the size of the crowd and the
type of event.'> See Table 5.2 for recommendations.

Aid stations should be built and supplied to provide adequate
protection, comfort, and access for both competitors and race staff.
Tents, chairs, tables, cots, litters, and backboards should be placed
on the basis of casualty estimates. Lights, generators, heating/cool-
ing equipment, and blankets provide improved visibility and com-
fort. Sinks, hand-washing stations, toilets, and trash facilities enable
good hygiene.

An adequate supply of fluids and food may be provided for the
competitors. A good estimate for fluid supply is 200 to 300 mL per
competitor per 10 to 20 minutes of competition, with more avail-
able at the start and the finish areas.*®>

Medical supplies

The extent of medical supplies required for each venue or aid
station will vary depending on expected casualties and the level
of training of the staff. General supplies include first-aid supplies
and basic resuscitation equipment. Recommended medical supply



° Chapter 5 - Emergency planning for athletic events

and equipment lists for the major medical aid stations are shown in
Table 5.3. This is not intended to be an exhaustive list, and these
recommendations should be tailored to the expected needs of
each event."” Supplies should include items such as first-aid sup-
plies for blister care, oral rehydration fluids, ice for heat casualties
and sprains, heating supplies (if it is a cold-weather event), and
basic cardiopulmonary resuscitation gear.

Different events and medical strategies require the tailoring of
medical supplies. If more invasive measures are to be offered,
intravenous fluids, advanced cardiac life support equipment and
medications, and advanced trauma life support equipment may
be required. If children are participants, appropriate pediatric
sizes should be available. Medications may include oxygen,
subcutaneous epinephrine, and diazepam. If heat casualties are
a consideration, a means of cooling (e.g., an ice-water bath in a
small plastic pool) should be considered as one of the simplest,
most-effective means of cooling in the field. ,16-18

Medical-record materials should be provided for recording
patient contacts. Additionally, aid stations should be provided
with appropriate sharps and biohazard containers, with their
method for disposal clearly stated.

Communications

A reliable system of communication is crucial for a successful
emergency medical plan. The primary and backup communication
systems should be tested before the event. Communications
should be coordinated with the local emergency medical services,
police systems, and office of special events, as applicable. This is
particularly important for radios because specific types of radios
and frequencies must be used, depending on the location and
terrain. Furthermore, other events may be occurring simulta-
neously within the emergency service area.

In addition to having adequate systems, personnel must be
trained regarding how and when to use the system. It should be
clearly stated when communication with the medical director for
information about severely injured participants is appropriate.
Furthermore, it should be clearly delineated who can order emer-
gency transportation and under what conditions. At large events
with multiple aid stations, it is especially important that personnel
use good radio discipline so that idle chatter does not interfere
with necessary discussions.

Outside communications are also an issue. Injured athletes may
need to contact family members. Often, designating a particular
rendezvous site is helpful. Media interactions can also be sources
of conflict. Delineation of who should speak to the press regarding
any patient care is a Health Insurance Portability and Accountability
Act concern in addition to a potentially problematic issue.® This
responsibility should be clearly spelled out, and it usually resides
with the medical director.

Transportation

Traffic control and parking issues should be included in the overall
event planning. Access routes for emergency transport vehicles
should be established and clearly marked for whatever transport
vehicle is to be used, whether it is an ambulance, a helicopter, a
snowmobile, or a safety boat. The presence of other traffic along
the route and the use of sweep vehicles at the end of the event
should be included in the planning process.

Personnel

Estimates for the both number and type of personnel for the aid
stations at games or mass-participation events are based on
casualty estimates, past experience, and the available literature.
The management of medical personnel and equipment and the

Table 5.3 Medical Supply Recommendations

Medical Supplies

Gloves

Airway kit

Pocket mask

Rectal thermometers

Blood-pressure cuff

Stethoscope

Penlight, oto-opthalmoscope

Oxygen and delivery system

Intravenous fluids and administration kits; tourniquet

Medications: aspirin, albuterol inhaler, epinephrine (1:1000 for
subcutaneous administration), diphenhydramine (injectable and oral),
diazepam, glucagon, and magnesium sulfate

Glucose monitor

Sodium monitor

Oxygen saturation monitor
Cricothyrotomy kit (as indicated)
Automatic or manual external defibrillator (as indicated)
Advance cardiac life support drugs (as indicated)
Intubation equipment (as indicated)
Musculoskeletal Supplies
Trauma shears

Tape cutters

Ice; immersion tubs

Plastic bags

Splints/slings/braces/ crutches
Athletic tape

Blister-care products

Elastic bandages

Suture materials/wound-care supplies
Other Supplies

Patient record form; pens
Communications; phone numbers
Shelter

Stretchers/ cots

Chairs

Tables

Blankets/towels

Security fencing

Heating/cooling equipment for shelter
Generator or electricity source

Lights

Sharps containers

Contaminated waste disposal container
Portable sink/waterless hand cleaner
Toilet

Backboards; semirigid neck collars

The physician’s game bag may contain many of these articles, although perhaps not
in the quantity necessary to service multiple venues or a mass-participation event.
Adapted from Herring SA, Bergfeld J, Boyd J, et al: Med Sci Sports Exerc
2001;33(5):846-849; Herring SA, Bergfeld J, Boyajian-O’ Neill LA, et al: Med Sci
Sports Exerc 2004;36(11):2004-2008; Armstrong LE, Epstein Y, Greenleaf JE, et al:
Med Sci Sports Exerc 1996;28(10):139-148; Daniels JM: Phys Sportsmed
2005;33:12.



development of and adherence to treatment protocols fall under
the realm of the medical director. The overall medical care for the
event must be a coordinated effort between the aid-station cap-
tains and the event’s medical director. In addition, the protection of
the medical staff is a key responsibility of the medical staff leader-
ship. Preparations must be made to establish a clearly delineated
chain of command, appropriate uniforms, adequate shelter, traffic
control, and security fencing.'*"?

The medical staff should receive training before the event
that includes the overall medical strategy and intervention level,
medical-record documentation, communication methods, disqua-
lification of participants, medical protocols to be used, and the
chain of command. Protocols for universal precautions, sharps
disposal, and medical treatment must be established and dissemi-
nated. These treatment protocols should be designed to remain
within the training and certification level of the respective provider
while meeting the expected incidence of casualties and casualty
estimates. Furthermore, the issues of medical responsibility and
legal liability must be carefully delineated with the event organiz-
ers and appropriately clarified with the entire medical staff.

Treatment protocols

The basis for each protocol should follow the medical strategy
regarding treatment at the aid station or transfer. Although it is
not possible to plan for every adverse event or patient presenta-
tion, each aid station should be provided with written protocols
including lists of common problems that have been seen during
similar events and their expected interventions. In addition, pro-
tocols for emergency transport must include minimal preliminary
evaluation, specific indications for transport, and directions regard-
ing who may call for transport. For example, anyone can call for
transport for a suspected myocardial infarction.

A triage protocol provides the initial evaluation that will direct
the medical team with regard to further treatment protocols and
the need for emergency transport. Basic attention to the airway
with cervical spine precautions, breathing, circulation, disability,
and exposure is paramount. Protocols should specify what vital
signs will be determined (including a core temperature) and
whether basic blood chemistries will be obtained. The protocol
should then direct further evaluation or transfer as needed.

Specific protocols that should be prepared include common
musculoskeletal injuries, basic cardiopulmonary resuscitation,
and event-specific situations. Determinations should be regarding
whether or not intravenous fluid administration will be given for
non—life-threatening illnesses and under what parameters.
Additional protocols should be developed as indicated, including
automatic external defibrillator usage, advanced cardiac life sup-
port, advanced trauma life support, exercise-associated collapse,
hyperthermia/hypothermia, and hyponatremia. When developing
treatment protocols, they need to be kept simple and concise.

Exercise-associated collapse can be seen in athletes of all
ages. The term exercise-associated collapse is used to describe
athletes who are unable to stand or walk unaided as a result of
light-headedness, faintness, dizziness, or syncope.”” Although
syncope is generally benign, exercise-related syncope may signal
the possibility of sudden death. The cause of the collapse is not
always apparent on initial evaluation. Life-threatening neurologic,
cardiac, and metabolic causes must be considered and appropriate
management provided. A careful triage should direct subsequent
care in an appropriate direction. The limited capabilities of the
medical aid stations and the benefits of immediate transfer must
be considered when caring for these athletes. Athletes who col-
lapse before the end of the event should be handled as medical
emergencies. Table 5.4 lists some of the causes of collapse that
should be considered.®? The protocol should address immediate
actions for the common causes of exercise-associated collapse,

Medical strategy

Table 5.4 Exercise-Associated Collapse Causes

Trauma

Cardiac contusion

Head trauma

Neurologic
Neurocardiogenic syncope
Seizure

Cardiac

Myocardial infarction
Supraventricular tachyarrhythmias
Hypertrophic cardiomyopathy
Myocarditis/ pericarditis
Valvular heart disease
Prolonged QT syndrome
Coronary artery anomalies
Metabolic

Exertional heat illness
Heatstroke

Hypothermia

Exertional hyponatremia

Adapted from O’Connor FG, Oriscello RG, Levine BD: Am Fam Physician
1999;60(7):2001-2008; 0’Connor FG et al: The American Journal of Medicine and
Sports 2003;5(3):212-217.

including cardiac arrest, exertional heat illness, hypothermia, and
exertional hyponatremia.

Neurocardiogenic syncope is the most common cause of syn-
cope in young adults. It is a result of the high levels of resting vagal
tone and orthostatic intolerance after exercise, which results in
sudden reflex vasodilation and/or bradycardia. These athletes col-
lapse after completing the competition, and prevention includes
continuing participant movement after the finish line. These ath-
letes should be encouraged to consult their private physician to
rule out any significant pathologic causes for their syncope before
further competition.®

Exertional heat illness protocols should address actions for all
levels of heat illness that may be encountered during an event.
Heat-related illness comprises a spectrum of disorders that ranges
from minor illness such as sunburn and heat cramps to severe
forms such as heat stroke. These illnesses continue to be signifi-
cant problems, particularly among competitive athletes and most
commonly during the summer months. Heatstroke is the third most
common cause of death among high school athletes, and it is
responsible for at least 240 deaths per year in the United States
alone.” There are multiple risk factors associated with heat-related
illnesses. Of these risk factors, those that can be readily influenced
by the medical plan include the appropriate prescreening of com-
petitors; proper education and awareness of heat illness among the
competitors; appropriate access to shade, sunscreen, and fluids;
the prevention and treatment of dehydration or overhydration;
and the proper planning and design of an emergency plan for
the early recognition and treatment of heat-related illness.**’

Sunburn can be a significant problem of summertime and tro-
pical competitions. All athletes should be reminded to maintain a
liberal application of a sunscreen throughout the competition.
Heat cramps can occur in the larger musculature as a result of
fluid and electrolyte depletion; “salty sweaters” may be at a
higher risk for this condition. Treatment involves rest, cooling,
stretching, and massage. In addition, oral rehydration with an elec-
trolyte solution (i.e., a sports drink), salty pretzels, or salt ?ackets
may be part of the prevention and treatment protocol. '’
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Heatstroke should be treated as a medical emergency because
the associated morbidity and mortality are related to both the
degree of temperature elevation and the duration of exposure.
The protocols should reflect the urgency of proper evaluation
and treatment. A common misconception that should be pointed
out in the protocol is the fact that many heat-exhaustion and
heatstroke patients are still sweating profusely. Important consid-
erations include core-temperature measurement techniques and
cooling methods. The practice of intravenous hydration at the
event site has been the subject of extensive discussion in the
sports medicine community. Intravenous hydration should be
carefully and thoroughly discussed with the medical staff and the
event organizers during the planning of the event.

Athletic activity outdoors in cold environments is accompanied
by a risk for cold injury. Activities performed in cold environments
include skiing and hiking; those involving water immersion, such
as swimming, diving, and windsurfing; and those involving pro-
longed activity, such as running and biking. Hypothermia occurs
when the body loses more heat than it generates, and the body’s
core temperature drops to below 95°F or 35°C.* Most often,
hypothermia occurs when inexperienced athletes find themselves
in situations in which unpredictable changes in weather exhaust
their resources, and the core body temperature drops drastically.
Protocols should include the proper determination of core tem-
perature; the removal of cold, wet clothing; the protection of the
athlete from further heat loss; the prevention of arrhythmias; and
field measures to be used for rewarming. The risk of a subsequent
drop in body temperature caused by the return of cold peripheral
blood into the circulation can be minimized by using passive
rewarming techniques until the patient can be transported to a
more stable environment.*

Hyponatremia occurs when serum sodium levels drop from the
normal range to less than 130 mEq/L."" This can lead to significant
intracellular swelling and the altering of central nervous system
function. A hyponatremia protocol is important in the correct set-
ting because symptoms can progress with cerebral and pulmonary
edema and lead to seizure, coma, and cardiopulmonary arrest.'**
The protocol should reflect whether a mechanism for measuring
actual serum sodium levels will be available. The prevention of
hyponatremia is facilitated by providing contestants with proper
hydration recommendations that are based on the American
College of Sports Medicine consensus statement regarding hydra-
tion and physical activity.'? Additionally, the use or restriction of
fluid should specifically be addressed. Urgent transfer to the near-
est medical facility is indicated for all patients with physical find-
ings of severe or progressing hyponatremia.

Developing an emergency medical plan for events is a challenging
task. Ensuring the provision of adequate medical evaluation and
treatment is the fundamental base of the medical plan. A thorough
review of the successes and failures of previous events and input

from previous staff can help with the shaping of the plan. The plan
should specifically address the scheduling of the event, the course
layout, the medical strategy, competitor issues, logistics, and treat-
ment protocols. Important considerations include environmental
conditions, casualty estimates, and sport-specific issues. The med-
ical team should be trained to provide safe and appropriate care.
Participants should know what to expect and how to minimize the
risk of injury. A well-designed emergency plan is an essential
component of a successful competitive athletic event.
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CHAPTER

Victim or Culprit: A Pathoanatomic
Approach to the Correct Diagnosis

Anthony I. Beutler, MD

KEY POINTS

+ Overuse injuries, the most common injuries in athletes, usually
require more sophisticated diagnosis and treatment than the
traditional rest, ice, nonsteroidal anti-inflammatory drugs
(NSAIDs), and gradual return to play.

- In the system of victims and culprits, victims are the structures
being injured; culprits are the forces, tissues, or objects causing
the victims' injuries.

- A proper understanding of the kinetic chain is essential to a
complete search for hidden culprits that underlie the patient’s
injuries.

+ Optimal treatment regimens should focus on eradicating the
culprit that is causing the injury, rather than simply focusing on
treating the victim.

- Understanding the concept of victims and culprits can assist in
the proper diagnosis, full rehabilitation, and safe return to play
for injured athletes.

INTRODUCTION

Injury is a part of sports participation, and it is a common but
potentially devastating event in the life of an athlete. Sports
medicine physicians seek to prevent injuries and to quickly
return injured athletes to sports participation. In the case of
many acute injuries, this is relatively simple and easily done. The
broken radius is detected on x-ray, reduced, and then immobilized
with plaster. After 6 weeks, the cast is removed, gradual rehabilita-
tion is started, and the athlete is gradually progressed until he or
she is ready to return to the field of play. However, many subacute
or overuse injuries do not predictably respond to rest, ice,
compression, elevation, and a little time away from sport. Too
often athletes patiently take NSAIDs, rub ice on the affected part,
maybe do a few stretches, and then try to return to activity only to
find that the pain recurs with more intensity and at a lower level of
activity than before.

Being trapped in the overuse injury cycle is incredibly exasper-
ating for an athlete, and it is often frustrating for the physician
who is treating that athlete. Why does plantar fasciitis persist

despite rest, ice, and time away from running? Why does subacro-
mial shoulder pain continually crescendo even when the patient is
completely resting the arm? Will a patient with chronic Achilles
tendinitis ever be able to run again?

These are common questions for sports medicine providers and
their patients with overuse injuries. Although not as glamorous or
as likely to make the evening edition of SportsCenter as more
violent, acute events, overuse injuries are the most common
injuries that occur in athletes."* Learning to correctly diagnose
and effectively treat these injuries is an essential skill for the
musculoskeletal provider. Many frameworks exist for conceptua-
lizing the process of injury and injury treatment. Chapters 33 and
34 discuss a few of these frameworks. Additionally, the concept
of “victims and culprits” is very useful for conceptualizing and
ensuring the adequate treatment of overuse injuries.’

VICTIMS AND CULPRITS? WHAT IS THIS,
CSI: MUSCULOSKELETAL?

Just like in the movies, all injuries involve trauma. In all trauma
situations, there is a victim (the thing that gets hurt) and a culprit
(the thing that does the hurting). In acute injuries, this can be fairly
straightforward. If a soccer goalie collides with the goalpost
and breaks an arm, the victim is the arm, and the culprit is
the goalpost. However, in overuse injuries, the situation is more
complex. A 42-year-old runner complains of heel pain that is
worse with the first steps in the morning. The pain has progres-
sively increased for the past 3 months until she can no longer run
with a normal stride. What's the diagnosis? What are the victim and
culprit in this scenario?

In the movies, identifying the victim is easy: the victim is the
one lying in a pool of blood with a chalk police line drawn around
him. So it is with the musculoskeletal system. Physicians are typi-
cally well trained in “victim identification,” and most physicians
would agree that the plantar fascia is the victim in the 42-year-old
runner presented previously. However, great detectives don’t
make the big bucks for correctly identifying the victim. The real
question is, “Whodunit?” Who or what culprit has injured this
runner’s plantar fascia? These steps of identifying the victim and
discovering the culprit are essential elements of a complete
pathoanatomic diagnosis.
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IDENTIFYING THE VICTIM

A thorough history is the key to successful diagnosis or “victim
identification,” because it allows for correct syndrome recognition.
A successful musculoskeletal provider will soon recognize how a
meniscal tear sounds different from patellofemoral pain during
the history. Understanding injury mechanisms and common symp-
tomatology allows the physician to arrive at a working diagnosis
and a relatively narrow differential diagnosis before even begin-
ning the physical examination. Diagnoses should be confirmed
rather than completely determined by physical examination and
imaging. The physician should begin the history by asking the
athlete questions that identify the transition that may have contrib-
uted to the overuse. When did the injury first occur? Did you
recently purchase new shoes or a new racquet? Have you changed
training locations or your training regimen?

After taking a history and performing a physical examination
and appropriate imaging, a pathoanatomic diagnosis should be
reached: you should be able to clearly identify the victim. Vague
diagnoses, such as runner’s knee and shin splints, do not clearly
identify the anatomic dysfunction and should be avoided.
Diagnoses such as patellar tendinopathy and chronic exertional
compartment syndrome more clearly identify the painful, present-
ing structure. However, even these diagnoses are limited because
they may not accurately describe the pathologic process of the
injury, and they offer no insight into associated dysfunctions that
occur along the rest of the kinetic chain.

Despite the inconsistencies between diagnostic terms and the
underlying pathology they describe, most physicians are reason-
ably adept at victim identification. They can correctly identify the
region and often even the specific structure that has been injured.
(If they cannot, then reading the next several chapters about exam-
ination should help them tremendously!) But as previously dis-
cussed, identifying the victim is typically the easy part of the
crime scene investigation; discovering the culprit is a more
advanced and difficult task.

DISCOVERING THE CULPRIT: WHODUNIT?

In acute traumatic injury, the culprit is typically easy to apprehend.
The patient was fine and functioning well until he or she was

struck by a baseball, was tackled by a defender, or landed awk-
wardly from a jump. However, in cases of overuse injury, the onset
of symptoms may be more subtle, and the precise circumstances
surrounding the injury may be less clear cut. Overuse injuries
might be the result of cumulative trauma (Figure 6.1,) or they
might result from an acute event that would not have caused
injury if it were not for a background of chronic dysfunction.
Determining the cause(s) of injury or the culprit(s) who injured
the victim is complex because, for most victims, there are many
potential culprits. In addition, overuse injuries occur over time,
thus allowing the victim to be exposed to many suspected culprits.
Figuring out who did what, when, where, and how is a challenge
for even the most experienced clinician.

Potential culprits in overuse injuries are typically grouped into
extrinsic and intrinsic groups (Table 6.1). Intrinsic factors are
biomechanical abnormalities that are unique to a particular athlete.
An example of an intrinsic risk factor is high foot arches, which
have been demonstrated in military recruits to predispose an
individual to a greater risk of musculoskeletal overuse injury
than low arches or "flat feet."* Extrinsic factors that commonly
contribute to overload include poor technique, improper equip-
ment, and improper changes in the duration or frequency of
activity. These improper changes in activity or “training errors”
are the most common cause of overuse injuries in recreational
athletes. Vulnerability to extrinsic overload is also dependent on
the intrinsic risk factors of an individual athlete.

When attempting to identify the culprit of a specific injury, the
entire extremity and kinetic chain need to be thoroughly examined.
A runner who presents with running-related anterior knee pain
requires a detailed examination of the knee as well as an examina-
tion of the entire lower extremity and pelvis. Leg-length discrepan-
cies, sacral rotations, hamstring inflexibility, forefoot pronation, and
gluteal weakness are only a few of the many potential culprits in
this case. The tennis player with elbow pain almost routinely
demonstrates weakness in the rotator cuff. Indeed, the tennis
player, the baseball pitcher, or any athlete who performs overhead
actions who presents with upper-extremity pain needs an exami-
nation that includes the lower extremity as well as the trunk
because all of these are involved in upper-extremity motion in
sports. The assessment of core strength should be included for
both upper- and lower-extremity athletes (e.g., pelvic bridge assess-
ment, single-leg squat test, and single-leg Trendelenburg examina-
tion for gluteal weakness). This awareness of and ability to search
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Table 6.1 Risk FactorsThat Contribute to Overuse
Injuries

Intrinsic Extrinsic

Malalignment Training errors

Muscle imbalance Equipment

Inflexibility Environment

Muscle weakness Technique

Instability Sports-imposed deficiencies

for culprits along the entire kinetic chain is what separates the
novice practitioner from the expert musculoskeletal diagnostician.

Throwing is a classic example of the concept of the kinetic
chain, and it illustrates just how wide ranging the search for
culprits can be. Chronic throwing overuse can cause a disparity
of muscular balance between the internal and external rotators of
the shoulder. The external rotators, which are continually required
to eccentrically decelerate the arm, are subject to overuse fatigue,
which subsequently produces strength and flexibility deficits.
However, although this simple construct is useful when beginning
to think about the shoulder, it vastly underestimates the sophisti-
cated coordination of the throwing action.

Throwing is a complex process that begins in the legs and that
involves force transfer through the hips, trunk, scapula, shoulder,
elbow, and wrist. Kibler and colleagues describe this system of
force production and transfer as “the kinetic chain.”> According
to this model, the production of throwing forces begins in the legs
and trunk with the shoulder and elbow contributing relatively little
to normal throwing force. Rather, the joints of the upper extremity
serve to fine tune the tremendous forces of throwing, delivering
the forces with optimal timing for accurate performance and ensur-
ing the proper arm position for injury prevention. Biomechanical
studies support the validity of the kinetic chain model, consistently
showing that more than 50% of throwing forces originate in the
legs and trunk.® Therefore, examination of the throwing athlete
with shoulder or elbow pain must also include examination of
the scapula, back, and lower extremities because injury, weakness,
or anatomic abnormality of these more “proximal” portions of the
kinetic chain may result in injury to the shoulder or elbow.

Overuse injury in throwers typically occurs as the athletes
attempt to make up for lost force production in the trunk by
increasing arm velocity. Alternatively, the abnormal trunk forces
may propel the arm into positions of biomechanical disadvantage,
thus allowing the large forces of the trunk to directly injure the
susceptible connective tissue of the malaligned shoulder and
elbow. Hence, biomechanical changes along any portion of the
throwing kinetic chain may have a role in the pathogenesis of
the commonly diagnosed rotator cuff tendinopathy in an overhead
athlete. More importantly for our purposes, tracing the kinetic
chain of an injured structure (victim) will often identify the offend-
ing culprit.

WHAT'’S THE BIG DEAL ABOUT IDENTIFYING THE

CULPRIT? CAN’T WE JUST TREAT THE VICTIM?

Too often patients with musculoskeletal complaints are given
vague diagnoses and equally vague rehabilitation plans. Patients
who are told that they have tendinitis that should improve
with rest and 2 weeks of NSAID therapy have usually been impre-
cisely diagnosed and inadequately treated. Some patients may
indeed return to their activities without difficulty after the pre-
scribed 2 weeks despite this inadequacy, but most will not.

Improving the specificity and accuracy of the diagnosis will help.
Instead of tendinitis, a more specific diagnosis for the patient
would be patellar tendinitis. However, a more precise diagnosis
will yield no benefit if the prescribed therapy remains the vague:
the patient’s outcome will remain unchanged. Patients will likely
try to return to their sport after 2 weeks only to find that things are
no better and may indeed be worse now that they have been
deconditioned by weeks of rest.

Returning to the crime scene analogy, the patient’s lack of
improvement should not surprise us. By prescribing NSAIDs and
rest, we have effectively resuscitated and bandaged our victim (the
patellar tendon). However, we have not identified and appre-
hended the offending culprit. Hence, if we allow the victim to
resume normal activities while the culprit is still at large, we
should not be surprised to find the same victim stabbed again by
the very same culprit in the very same place. It is foolish indeed to
allow the victim (the patellar tendon) to return to sports activity
before the culprit (a tight quadriceps muscle) is identified and
before both the victim and the culprit have been thoroughly
rehabilitated.

PUTTING ITALLTOGETHER: WHEN | KNOW THE

VICTIM, HOW DO I FIND THE CULPRIT?

Victim identification

Let’s return to our 42-year-old runner with heel pain that is
worse with the first steps that she takes in the morning. On
the basis of that history alone, we can surmise that this patient
probably has plantar fascial pain. Sure enough, when we press
on the medial calcaneal tubercle, our patient winces with pain.
So, to follow the model (Box 6.1), the victim in our case is the
plantar fascia.

Box 6.1: A 42-Year-Old Runner with Heel Pain

Victim
Plantar fascia

Culprit
Tight heel cords

Mechanism

Tight heel cords cause heel off to occur earlier during the stance
phase and before the midfoot has returned to a supinated (locked)
position. Heel off while the midfoot is pronated (unlocked) leads to
excess strain on the plantar fascia.

Common Treatments

Victim-based treatments:

e Nonsteroidal anti-inflammatory drugs (noninflammatory, despite the
“-itis”)

e Heel cups/heel pads

e Ice massage

e Steroid injection

Culprit-based treatments:

Gastrocnemius/soleus stretching

o Intrinsic foot-muscle strengthening

o Night splints

e Orthotics
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Figure 6.2 Normal gait cycle. In the usual gait cycle with normal gastrocnemius/soleus flexibility, heel off occurs at approximately 10 to 15 degrees of ankle
dorsiflexion, after midfoot supination, pronation, and resupination have occurred. This allows the supinated midfoot to engage the bony lock of Chopart’s joint

before heel off and propulsion occur.

Discovering the culprit

As we review possible culprits, we discover that the patient is an
experienced runner who regularly changes her shoes and who has
not changed her running style or pace recently. She did have her
gallbladder removed earlier this year, and she reports that her heel
pain started a few weeks after she returned to running after the
surgery. On physical examination, she has normal arches, normal
bony alignment, and no leg-length discrepancy. Strength in all
muscle groups and in the core musculature tests normal, but
she has a maximum of 0 degrees of passive dorsiflexion in both
ankles when her knees are fully extended. Thus, we will propose
that the culprit responsible for injuring this patient’s plantar
fascia is gastrocnemius/soleus tightness or tight heel cords
(see Box 6.1).

Understanding the kinetic chain and the
mechanism of injury

How can tight heel cords result in plantar fascial pain? The answer
requires an understanding of the normal gait cycle (Figure 6.2).
In normal walking and usual jogging, heel strike occurs on the
lateral aspect of the heel, and this is followed closely by midfoot
stance. The midfoot is initially supinated, but pronation rapidly
occurs to assist with shock absorption and cushioning. After this,
the midfoot then resupinates. All of this is performed “on the
clock” of ankle dorsiflexion. Figure 6.2 illustrates how each of
these proceeding steps occurs while ankle dorsiflexion progresses.
At the point of an individual’'s maximal ankle dorsiflexion, the
Achilles tendon will drag the calcaneus off the ground, thereby
initiating the “heel off” portion of the gait. However, it is
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Figure 6.3 Abnormal gait cycle caused by tight heel cords. With gastrocnemius/soleus tightness, heel off occurs before resupination is complete. This results
in an unlocked Chopart’s joint, and it causes the forces of propulsion to be absorbed along the soft tissues of the foot (including the plantar fascia) rather than

along the usual bony structures.



biomechanically essential that the midfoot resupinate before the
Achilles tendon causes heel off to occur. The midfoot (specifically
Chopart’s joint) engages a bony lock when it is in the supinated
position. This bony lock allows the foot to function as a stiff lever
during the propulsive, heel-off phase of the gait cycle. However, if
heel off occurs while the midfoot is still pronated and Chopart’s joint
is unlocked, the force of propulsion cannot be transmitted along the
midfoot bones and thus must be absorbed by the plantar fascia, the
intrinsic muscles, and the other soft-tissue structures of the foot.

In patients with tight heel cords (such as our runner with
0 degrees of dorsiflexion), heel strike, midfoot stance, initial supi-
nation, and pronation occur normally. However, as depicted in
Figure 6.3, the patient’s tight heel cords result in early heel off.
Because this early heel off occurs before resupination is complete
and before Chopart’s joint can engage the bony lock that is essen-
tial to normal gait mechanics, the propulsive force of running and
walking overloads the plantar fascia and thus can result in plantar
fascial pain. Hence, tight heel cords are indeed the culprits that
cause injury to the victimized plantar fascia in this case.

Choosing the correct treatment

The most common treatments for plantar fascia pain include
NSAIDs, heel cups/pads, ice massage, and steroid injections.
However, by applying our model of victims and culprits, it becomes
clear that each of these treatments is designed to bandage up the
victim rather than deal with the offending culprit. Our patient can
take buckets of NSAIDs, use the best heel cups available, religiously
practice ice massage, and receive perfectly placed steroid
injections, but she will continue to have pain as long as her
abnormal gait mechanics continue to stress her plantar fascia.

Conclusion @

The secret to successfully “curing” this patient’s plantar
fascia pain comes from addressing the culprit (see Box 6.1).
Gastrocnemius and soleus stretching will allow for greater dorsi-
flexion, which will permit the complete resupination of the mid-
foot before heel off. Intrinsic foot-muscle strengthening will allow
for more active, soft-tissue shock absorption, and it will offload
the overworked plantar fascia. Night splints may also be beneficial
for increasing maximum ankle dorsiflexion. Only after both the
victim and the culprit have been successfully rehabilitated can
the patient expect to return to sport without an increased risk of
reinjury.

The model of victims and culprits is, after all, only a model, with
all of the associated inherent fallibilities and limitations. However,
the model of victims and culprits does provide a useful framework
for thinking about the diagnosis, the treatment, and even the
prevention of many injuries. Although there are no comprehensive
lists of every conceivable victim and associated culprits, Table 6.2
gives a few examples of well-known overuse victims and culprits
and their commonly associated treatments. These lists are decid-
edly incomplete, but they are intended to guide your thinking and
organize your learning as you read the upcoming chapters. As
sports medicine physicians, we cannot simply accept repeated
injury as being a necessary part of athletics and physical activity.
Hopefully the victim-and-culprit model will assist you with looking
beyond the obvious, immediate injury and lead you to focus
instead on how to avoid the cycle of reinjury or even perhaps
on how to prevent the initial injury from occurring.

Table 6.2 Common OveruseVictims, Culprits, and Treatments

Victim-Based

Diagnosis

Victim

Treatment

Common Culprits

Culprit-Based Treatment

Plantar fasciitis

Patellofemoral
(anterior) knee
pain

Patellar
tendinitis

Trochanteric
bursitis

Subacromial
pain

Plantar fascia

Patellofemoral
joint

Patellar
tendon

Trochanteric
bursa

Rotator cuff/
subacromial
bursa

NSAIDs

Heel cups/heel pads

Ice massage
Steroid injection

NSAIDs
Rest

NSAIDs
Patellar strap

NSAIDs
Steroid injection

NSAIDs
Steroid injection

Tight heel cords

Training error

Muscular weakness

Overpronation

Improper/worn-out shoes

Muscular (quadriceps or gluteal)
weakness

Poor flexibility (quadriceps,
hamstrings, gastrocnemius)

Poor alignment

Quadriceps/hip flexor tightness
Quadriceps weakness

Tensor fascia lata or gluteal
weakness (especially gluteus
medius)

Rotator cuff weakness
Subacrominal spurring
Scapular dyskinesis

Gastrocnemius/soleus stretching
Night splints
Decrease mileage by 50%, then increase

no more than 10% per week
Intrinsic foot-muscle strengthening

Orthotics
Shoe prescription after foot and gait analysis

Tailored physical therapy to strengthen muscles
Stretching prescription

Orthotics for pes planus
Patellar taping/bracing for patellar malalignment

Stretching prescription
Tailored physical therapy to strengthen muscles
Eccentric quadriceps-strengthening program

Tailored physical therapy to strengthen muscles

Tailored physical therapy to strengthen the rotator cuff

Subacrominal decompression
Scapular retraining

NSAIDs, nonsteroidal anti-inflammatory drugs.



Chapter 6 - Victim or culprit: A pathoanatomic approach to the correct diagnosis

w N

Baquie P, Brukner P: Injuries presenting to an Australian sports medicine centre: a
12-month study. Clin J Sport Med 1997;7(1):28-31.

Brukner P, Bennell K: Overuse injuries: where to now? Br J Sports Med 1997;31(1):2.
Macintyre JG, Lloyd-Smith DR: Overuse running injuries. In Renstrom PA (ed): Sports
Injuries—Basic Principles of Prevention and Care. Boston, Blackwell Scientific
Publications, 1993, pp 139-160.

Cowan DN, Jones BH, Frykman PN, et al: Lower limb morphology and risk of
overuse injury among male infantry trainees. Med Sci Sports Exerc 1996;28(8):
945-952.

Kibler WB, Chandler TJ, Pace BK: Principles of rehabilitation after chronic tendon
injuries. Clin Sports Med 1992;11(3):661-671.

Kibler WB: What makes the ball go and what happens when it doesn't.
Presentation at American College of Sports Medicine Annual Meeting, St. Louis, May
2002.



CHAPTER

Physical Examination of the Wrist
and Hand

William A. Mitchell III, MD, and Abmed A. Radwan, MD

KEY POINTS

- Most sports require the use of both wrists and hands, and all
sports require the use of these body parts in either transient or
complementary roles.

+ The common diagnosis of a “sprain”and the pressure to
continue playing often compels the athlete back onto the field
or court without proper treatment. Improper diagnosis and
treatment, however, may lead to chronic pain or dysfunction in
the wrist and hand.

- Simple screening tests like range of motion, strength, and
palpation can highlight potential abnormalities; special tests of
the wrist and hand allow the practitioner to carefully examine
these specific areas of concern. It is important to remember
that, although a positive test may strongly suggest a particular
diagnosis, a negative test does not rule one out.

INTRODUCTION

Appropriately functioning wrists and hands are essential to sports
participation. The very essence of athletics involves the skillful
use of one’s body, and the wrists and hands are common focuses
of this skill. Most sports require the use of both wrists and hands,
with the possible exceptions of distance running, some soccer
positions, and certain one-handed sports. However, it may be
argued that these sports also require the use of the wrist and
hand, if only in a transient or complementary role.

The incidence of wrist and hand injury varies with the
study population, but it ranges from 3% to 25% of all athletic
injuries." Those physicians who work in a referral setting (espe-
cially those who treat elite or professional athletes) should expect
to see a greater percentage of fractures, whereas those on
the sidelines or in the training room will see more soft-tissue
injuries.

The sideline physician has a distinct advantage in the evalua-
tion of injuries to the wrist and hand. He or she has access to
facts that may significantly aid the early diagnosis and treatment
of these injuries, including the mechanism of injury, the force of
the impact, and the relative stoicism of the patient in question.’
Such information can contribute considerably to the accuracy of a
diagnosis.

Because of their detailed anatomy and complex motions
and functions, the wrist and hand are sometimes considered
enigmatic.”* This can especially be true when a practitioner sees
injuries to these members only rarely. Such mystery commonly
leads to the diagnosis of a “sprain,” and the pressure to continue
playing compels the athlete back onto the field or court without
proper treatment.” Improper diagnosis and treatment, however,
may lead to chronic pain or dysfunction in the wrist and hand,
possibly bringing an early end to an athletic career. Thus, the
injunction to us as medical professionals to push our capabilities
to their limits—but to know those limits well and to refer quickly
when we have reached them—is doubly true with wrist and hand
injuries.

Considering the importance of the wrist and hand in sports,
the frequency of injury, and the consequences of delay in
diagnosis and treatment, the value of competency with these
structures becomes clear. All practitioners caring for athletes
would do well to strive to understand the complex anatomy
and physiology of the wrist and hand, the unique demands
placed on these structures by different sports, and the phys-
ical examination techniques recommended by the medical
literature.

ANATOMY

The wrist is composed of two transverse rows of carpal bones,
with only the scaphoid crossing the midcarpal joint' (Figure 7.1).
The placement of the scaphoid prevents the distal row from
displacing under compressive loads, which would allow for the
collapse of the midcarpal joint.” This location also places the
scaphoid at significantly greater risk for injury than the remaining
carpal bones.

The pisiform is considered by some authors to be sesamoidal
rather than a true carpal bone. One reason for this is that no
tendons originate on or insert into the carpal bones except the
pisiform, which is found at the junction of the flexor carpi ulnaris
and the abductor digiti minimi tendons. Because of this, wrist
motion is always passive.” The tendons responsible for this
motion are the extensor carpi radialis longus and brevis, the exten-
sor carpi ulnaris, the flexor carpi radialis, the flexor carpi ulnaris,
and the palmaris longus (Figures 7.2 and 7.3).

The joints of the wrist include the distal radioulnar joint, the
radiocarpal joint, the intercarpal joints, the midcarpal joint, and the
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Figure 7.1 The carpal bones are aligned in two transverse rows, with the
scaphoid crossing the midcarpal joint. (From DeLee JC, Drez D, Miller MD:
Delee and Drez’s Orthopaedic Sports Medicine, 2nd ed. Philadelphia,
Saunders Elsevier, 2003, p 1337,

carpometacarpal joints (Figure 7.4). The radius articulates with
the scaphoid and lunate bones; this joint bears 60% of an axial
load applied to the wrist.” The lunate and triquetrum articulate not
with the ulna but rather with the triangular fibrocartilage complex
(TFCO.

— Flexor carpi radialis

— Palmaris longus
Flexor carpi ulnaris
= Flexor digitorum superficialis

Flexor digitorum profundus

Flexor pollicis longus

il

]/; Abductor pollicis longus

i1

Figure 7.2 The wrist flexors. (From Jenkins DB: Hollinshead'’s Functional
Anatomy of the Limbs and Back, 7th ed. Philadelphia, WB Saunders, 1998,
p 160.)

Extensor carpi ulnaris
Extensor carpi radialis longus

Extensor carpi radialis brevis

Extensor digitorum

Flexor digiti minimi

Extensor indicis

Extensor pollicis longus

Figure 7.3 The wrist extensors. (FromJenkins DB: Hollinshead's Functional
Anatomy of the Limbs and Back, 7th ed. Philadelphia, WB Saunders, 1998,
p 160.)

Wrist stability is maintained by the intracapsular ligamentous
anatomy, with the stronger ligaments on the volar aspect
(Figure 7.5). One of the most important is the scapholunate
ligament, which contributes significantly to wrist stability and is
commonly injured.'

The anatomy of the hand is intricate, and an exhaustive
description is beyond the scope of this text. However, an
understanding of the bony structures, the musculotendinous
articulations, the neurovascular bundles, and the compartmental
anatomy is essential when caring for athletes.

The hand is composed of 21 bones distal to the carpus,
including the metacarpals, the phalanges, and the two sesamoids
of the thumb” (Figure 7.6). Fach metacarpal has a base proxi-
mally and a head distally, with a body interposed. The phalanges
have a similar construction; each finger has three phalanges, and
the thumb has two.

The joints of the hand include the carpometacarpal joints, the
metacarpophalangeal (MCP) joints, and the interphalangeal (IP)
joints. Each finger has a proximal interphalangeal joint (PIP) and
a distal interphalangeal joint (DIP); the thumb has only one IP
joint. The second and third metacarpals articulate with one another
and with the distal carpals such that they are nearly immobile.
The fourth and fifth metacarpals, however, are considerably
more mobile (although not as mobile as the thumb),3 and this
allows for increased grip strength. The collateral ligaments at
the MCP joints allow for considerable sideways movement with
the fingers in extension. During flexion, however, they become
tight, and this restricts such side-to-side mobility. The IP joints are
hinge joints, allowing only for flexion and extension. Both the MCP
and IP joints have thick palmar ligaments on the volar surface that
prevent hyperextension.”

The extrinsic muscles of the hand originate in the forearm
and elbow. The flexor tendons of the fingers include the flexor
digitorum superficialis and the flexor digitorum profundus. These
travel in a fibro-osseous tunnel between the metacarpals and the
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DIP joints, and they insert onto the base of the middle and distal
phalanges, respectively (Figure 7.7). The extensor tendons of the
fingers pass over the dorsum of the wrist in six separate compart-
ments.” They include the extensor digitorum communis, the exten-
sor indicis proprius, and the extensor digiti minimi. The latter
two are accessory extensors of the index and little fingers,
respectively.’

The intrinsic muscles of the hand include the thenar, hypothe-
nar, lumbrical, and interosseous groups. The thenar muscles con-
trol the abduction and opposition of the thumb, whereas the
flexion and extension of the thumb are controlled by forearm
muscles. The interosseous and lumbrical groups flex the MCP
joints and help extend the IP joints. They also abduct and
adduct the fingers® (Figure 7.8).

The median nerve is the motor supply to the thenar muscles
and the two radial lumbricals. It also provides sensory innervation
to the palmar aspect of the first three digits and the radial half of
the ring finger. The ulnar nerve provides motor control for the
remaining intrinsic hand muscles and sensation for the fifth digit
and the ulnar half of the ring finger. The radial nerve provides
sensory innervation to the dorsum of the hand® (Table 7.1 and
Figure 7.9).

— Interosseous membrane

Articular disk

Midcarpal and
intercarpal joints

Range of motion e

Distal radioulnar joint

Carpometacarpal joints

Figure 7.4 The bones and joints of the wrist. (From Jenkins
DB: Hollinshead’s Functional Anatomy of the Limbs and Back,
7th ed. Philadelphia, WB Saunders, 1998, p 166.)

RANGE OF MOTION

Active

Many authors recommend beginning with a simple screening
examination for active range of motion, such as having the patient
move the wrists in all four cardinal directions or having him or her
extend the fingers with the palms down, supinate, and then slowly
flex the digits into a fist. Any abnormality noticed on this screening
may then be more carefully examined.”

Active pronation and supination of the forearm and wrist from
neutral position are both 85 to 90 degrees (Table 7.2). There are
marked differences between individuals, however, and the
affected arm should always be compared with the unaffected
arm to determine what is normal for the individual. Radial devia-
tion is about 15 degrees, whereas ulnar deviation is 30 to
45 degrees. The wrist can flex 80 to 90 degrees and extend 70 to
90 degrees.’

Flexion of the fingers will decrease with concomitant flexion of
the wrist. With the wrist in neutral, the MCP joints will flex 85 to
90 degrees, the PIP joints 100 to 115 degrees, and the DIP joints 80
to 90 degrees. Finger extension also occurs at the MCP joints (30 to

Figure 7.5 Volar ligaments of the wrist.
(From Magee DJ: Orthopaedic Physical
Assessment, 4th ed. St. Louis, Saunders

Capitotriquetral ligament Capitoscaphoid ligament Elsevier, 2006, p 357)

Radioscaphocapitate ligament
Lunotriquetral ligament
Scapholunate ligament
Ulnar collateral ligament
Radial collateral ligament

Ulnolunate ligament
(ulnolunate-triquetral)
Radiolunate ligament

Fibrocartilaginous disc (radiolunotriquetral)

Radioscapholunate ligament
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Figure 7.6 Bones of the wrist and hand, palmar view. (From Jenkins DB:
Hollinshead's Functional Anatomy of the Limbs and Back, 7th ed.
Philadelphia, WB Saunders, 1998, p 164.)

45 degrees) and the DIP joints (20 degrees).” The PIP joints have
0 degrees of extension, which makes them prone to dorsal
dislocation.

Unlike the fingers, the thumb is also able to flex at its carpo-
metacarpal joint (45 to 50 degrees). Otherwise, the flexion
mechanism is similar to the fingers at the MCP joint (50 to
55 degrees) and the IP joint (80 to 90 degrees). Thumb extension
occurs solely at the IP joint (0 to 5 degrees). Abduction of the
thumb reaches 60 to 70 degrees, whereas adduction is normally
30 degrees. Of note is that the flexion and extension of the thumb
occur in a plane that is parallel with the palm. Abduction and
adduction occur perpendicular to this plane.”

Passive

If there is limitation of the active ranges of motion, the examiner
should proceed with a passive range examination. The passive
movements are the same as the active and essentially have the
same extremes.’

Strength testing should be performed with the patient seated and
the elbows flexed to 90 degrees. With the following strength tests,
the examiner should not be able to easily overcome a normal
patient’s strength. For a complete list of the names, actions, and
innervation of the muscles being tested, see Table 7.3.

To test the wrist extensors, the patient sits with the forearm
pronated and makes a fist. The examiner supports the forearm
and asks the patient to extend the wrist. The examiner then presses
downward on the dorsum of the hand, attempting to overcome the
patient’s strength. To isolate the extensor carpi ulnaris, the patient
may extend the wrist while holding the fist in ulnar deviation.
Similarly, extending the wrist held in radial deviation will isolate
the extensor carpi radialis longus and brevis’ (Figure 7.10).

The finger extensors are usually tested together because the
tethering of the extensor tendons makes it difficult to hold
the middle and ring fingers in extension while the other fingers
are flexed. With the hand pronated and supported by the

Flexor digitorum
profundus

Distal phalanx

Short vinculum

Long vinculum

I ——
- AJ%/ \\\\\\\\\\

/ / Short vinculum

l
. Long vincula
/ \ NS

Flexor digitorum
superficialis

Figure 7.7 The digital flexor tendons, palmar and lateral views. (From
Jenkins DB: Hollinshead’s Functional Anatomy of the Limbs and Back, 7th ed.
Philadelphia, WB Saunders, 1998, p 172.)

examiner, the patient extends and adducts the four fingers. The
patient holds this position as the examiner attempts to passively
flex the fingers. Each finger joint may also be tested individually by
supporting the finger proximal to that joint and having the patient
extend against resistance.

The wrist flexors are tested with the forearm supinated. The
patient makes a fist and flexes the wrist. Supporting the patient’s
forearm with one hand, the examiner attempts to extend the wrist
with the other hand. Placing the patient’s fist in ulnar deviation will
isolate the flexor carpi ulnaris, whereas radial deviation will isolate
the flexor carpi radialis.

Finger flexor strength may be tested together by the examiner
hooking his or her fingers under the patient’s. The patient makes a
tight fist, and the examiner attempts to extend the patient’s fingers
(Figure 7.11). The examiner should be able to overcome the
patient only with difficulty. For a complete examination, the fin-
gers should also be tested individually. To test the flexor digitorum
profundus, the examiner stabilizes the PIP in extension, and the
patient flexes the DIP. Normal flexion is 45 degrees in this position
(Figure 7.12). The flexor digitorum superficialis is tested by
having the patient flex each finger one at a time while the others
are held in full extension (Figure 7.13). The MCP and the PIP should
flex in all of the fingers when they are tested this way. The DIP of the
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Figure 7.8 The intrinsic muscles of the hand.
(The included figure identifies the thenar and
hypothenar groups.) (From Jenkins DB:
Hollinshead’s Functional Anatomy of the Limbs
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Table 7.1 Motor Nerve Functions at the Wrist

Nerve Muscle Innervated Test for Function

Radial Extensor carpi radialis, brevis, and ulnaris Resist wrist extension*
Extensor pollicis brevis/longus Push against extended thumb
Abductor pollicis longus Push against abducted thumb
Extensor digitorum communis Wrist neutral; extend MCP with flexed PIP (prevents use of intrinsics)
Extensor indicis
Extensor digiti minimi

Median Flexor digitorum superficialis Hold all fingers in extension (isolates superficialis); patient flexes isolated PIP
Flexor pollicis longus Patient holds flexed thumb against hypothenar eminence; examiner attempts to pull it away
Abductor pollicis longus Patient abducts thumb against resistance
Opponens pollicis Patient apposes small finger and thumb; examiner attempts to separate them
Flexor pollicis brevis, lateral portion Patient makes O with thumb and index finger; examiner pulls them apart*
Radial two lumbricals

Ulnar Flexor digitorum profundus (ulnar two digits) Stabilize MCP and PIP in extension; patient actively flexes DIP

Dorsal interossei (DAB: dorsal abducts)
Palmar interossei (PAD: palmar adducts)
Adductor pollicis

Opponens digiti minimi

Flexor pollicis brevis, medial portion
Abductor digiti minimi

Flexor carpi ulnaris

Patient fans extended fingers; examiner forces each pair together”

Patient holds extended fingers together; examiner attempts to force them apart
Patient adducts thumb against resistance

Test as for opponens pollicis (described previously)

Patient attempts to abduct small finger against examiner’s resistance (most specific for ulnar nerve)

*Most commonly used screening test.

MCP, metacarpophalangeal (joint); PIP, proximal interphalangeal (joint); DIP, distal interphalangeal (joint).
From Lillegard WA, Butcher JD, Rucker KS: Handbook of Sports Medicine: A Symptom-Oriented Approach, 2nd ed. Boston, Butterworth-Heinemann, 1999, p 161.
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Figure 7.9 The dermatomes of the hand.
(From Reider B: The Orthopedic Physical
Examination, 2nd ed. Philadelphia, WB
Saunders, 2005, p 145) A

index finger should flex as well because its flexor digitorum profun-
dus tendon is not tethered to the others, thus allowing the DIP to flex
even while the other fingers are held in extension.”

The muscles that enact the radial and ulnar deviation of the
wrist have been previously discussed (see Table 7.3). The strength
of these actions may be tested by having the patient deviate the
wrist radially and then resist the examiner’s effort to force it into
ulnar deviation. The opposite would test the strength of the ulnar
deviators.’

Table 7.2 Active Movements of the Forearm, Wrist,
and Hand

Pronation of the forearm (85 to 90 degrees)
Supination of the forearm (85 to 90 degrees)

Wrist abduction or radial deviation (15 degrees)
Wrist adduction or ulnar deviation (30 to 45 degrees)
Wrist flexion (80 to 90 degrees)

Wrist extension (70 to 90 degrees)

Finger flexion (MCP, 85 to 90 degrees; PIP, 100 to 115 degrees; DIP, 80 to
90 degrees)

Finger extension (MCP, 30 to 45 degrees; PIP, O degrees; DIP, 20 degrees)
Finger abduction (20 to 30 degrees)
Finger adduction (O degrees)

Thumb flexion (CMC, 45 to 50 degrees; MCP, 50 to 55 degrees; IP, 85 to
90 degrees)

Thumb extension (MCP, O degrees; IP, 0 to 5 degrees)
Thumb abduction (60 to 70 degrees)

Thumb adduction (30 degrees)

Opposition of little finger to thumb (tip to tip)
Combined movements (if necessary)

Repetitive movements (if necessary)

Sustained positions (if necessary)

MCP, metacarpophalangeal; PIP, proximal interphalangeal; DIP, distal interphalangeal;
CMC, carpometacarpal; IR, interphalangeal.

From Magee DJ: Orthopaedic Physical Assessment, 4th ed. St. Louis, Saunders
Elsevier, 2006, p 373.

Physical examination of the wrist and hand

Finger abduction strength is tested by having the patient fully
abduct the fingers and then resist as the examiner forces them into
adduction with his or her own fingers while supporting the fore-
arm with the other hand (Figure 7.14). Adduction may be tested
by having the patient hold the fingers adducted against one
another and resist the examiner’s attempt to separate the fingers.
These actions may also be tested by placing the patient’s hand on a
table with the fingers comfortably separated. This allows the exam-
iner to test the strength of each finger individually.®

The movement of the thumb is similar to that of the fingers, with
the notable exception of opposability. Extension of the thumb can
be tested by having the patient extend the thumb as if hitchhiking.
The examiner should apply force dorsally to the proximal phalanx,
which will test the extensor pollicis longus and brevis together. He
or she should then should stabilize the proximal phalanx and apply
a similar force to the distal phalanx; this will test the extensor pollicis
longus in isolation’ (Figure 7.15).

Thumb flexion may be tested by having the patient flex the
thumb across the palm. The examiner may then attempt to
extend the thumb against resistance. MCP flexion is controlled
by the flexor pollicis longus and brevis together, whereas the
flexor pollicis longus alone controls IP flexion® (Figure 7.16).

Thumb abduction can be described as palmar or radial. Palmar
abduction is controlled by the abductor pollicis brevis, and it is
tested by having the patient abduct the thumb perpendicularly
away from the plane of the palm. The examiner attempts to
force the thumb back toward the palm (Figure 7.17). Radial
abduction is powered by the abductor pollicis longus, and it
may be tested with the hand flat on a table. The thumb is abducted
in a plane that is parallel to the palm; the examiner attempts to
push the thumb back toward the palm.’

Thumb adduction, which is similar to abduction, occurs in
planes that are both parallel and perpendicular to the palm.
Both are primarily controlled by the adductor pollicis. A patient’s
strength may be tested using Froment’s test (described later) or by
placing the examiner’s finger in the patient’s palm and having the
patient hold the examiner’s finger in place with the thumb. The
examiner then attempts to bring the thumb into abduction against
resistance’ (Figure 7.18).

Opposition of the thumb relies on the cooperation of the oppo-
nens pollicis with the abductor pollicis brevis. While the first



Table 7.3 Muscles of the Forearm, Wrist, and Hand

Palpation e

Action Muscles Acting Nerve Supply Never Root Devation
Supination of forearm 1. Supinator Posterior interosscous (radial) C5-C6
2. Biceps brachii Musculocutaneous C5-C6
Pronation of forearm 1. Pronator quadratus Anterior interosscous (median) C8, T1
2. Pronator teres Median C6-C7
3. Flexor carpi radialis Median C6-C7
Extension of wrist 1. Extensor carpi radialis longus Radial C6-C7
2. Extensor carpi radialis brevis Posterior interosscous (radial) C7-C8
3. Extensor carpi ulnaris Posterior interosscous (radial) C7-C8
Flexion of wrist 1. Flexor carpi radialis Median C6-C7
2. Flexor carpi ulnaris Ulnar C7-C8
Ulnar deviation of wrist 1. Flexor carpi ulnaris Ulnar C7-C8
2. Extensor carpi ulnaris Posterior interosscous (radial) C7-C8
Radial deviation of wrist 1. Flexor carpi radialis Median C6-C7
2. Extensor carpi radialis longus Radial C6-C7
3. Abductor pollicis longus Posterior interosscous (radial) C7-C8
4. Extensor pollicis brevis Posterior interosscous (radial) C7-C8
Extension of fingers 1. Extensor digitorum communis Posterior interosscous (radial) C7-C8
2. Extensor indiees (second finger) Posterior interosscous (radial) C7-C8
3. Extensor digiti minimi (little finger) Posterior interosscous (radial) C7-C8
Flexion of fingers 1. Flexor digitorum profundus Anterior interosscous (median) C8, T1
2. Flexor digitorum superficialis Anterior interosscous (median): lateral two C8, T1
3. Lumbricals digits C8, T1
4. Interossei Ulnar: medial two digits C7-C8, T1
5. Flexor digiti minimi (little finger) Median C8, T1
First and second; median; third and fourth: C8, T1
ulnar (deep terminal branch) C8, T1
Ulnar (deep terminal branch)
Ulnar (deep terminal branch)
Abduction of fingers (with 1. Dorsal interossei Ulnar (deep terminal branch) C8, T1
fingers extended) 2. Abductor digiti minimi (little finger) ~ Ulnar (deep terminal branch) C8, T1
Adduction of fingers (with 1. Palmar interossei Ulnar (deep terminal branch) C8, T1
fingers extended)
Extension of thumb 1. Extensor pollicis longus Posterior interosseous (radial) C7-C8
2. Extensor pollicis brevis Posterior interosseous (radial) C7-C8
3. Abductor pollicis longus Posterior interosseous (radial) C7-C8
Flexion of thumb 1. Flexor pollicis brevis Superficial head: median (lateral terminal C8, T1
2. Flexor pollicis longus branch) C8, T1
3. Opponens pollicis Deep head: ulnar C8, T1
Anterior interosseous (median) C8, T1
Median (lateral terminal branch)
Abduction of thumb 1. Abductor pollicis longus Posterior interosseous (radial) C7-C8
2. Abductor pollicis brevis Median (lateral terminal branch) C8, 11
Abduction of thumb 1. Adductor pollicis Ulnar (deep terminal branch) C8, T1
Opposition of thumb and 1. Opponens pollicis Median (lateral terminal branch) C8, 11
little finger 2. Flexor pollicis brevis Superficial head: median (lateral terminal C8, T1
3. Abductor pollicis brevis branch) C8, T1
4. Opponens digiti minimi Median (lateral terminal branch) C8, T1

Ulnar (deep terminal branch)

From Magee DJ: Orthopaedic Physical Assessment, 4th ed. St. Louis, Saunders Elsevier, 2006, p 377.

rotates the thumb to face the other fingers, the second brings the
thumb away from the palm. The strength of this function is tested

(Figure 7.19).

by having the patient touch the tips of the thumb and little finger

and inspecting the hand carefully to ensure that the distal pha-
langes form a reasonably continuous line with one another. A

significant angle between the two indicates that the thumb lacks

appropriate rotation; the abductors may be working alone.
Strength is tested as follows: with the hand appropriately posi-
tioned, the examiner hooks his or her index fingers around the

Dorsal wrist

thumb and little fingers palmarly and attempts to separate the two’

PALPATION

Palpation of the dorsal wrist should begin at the radial tubercle
(Figures 7.20 and 7.21). Just distal to the bony radial tubercle,
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Figure 7.10 A, Assessing wrist extensor
strength. B, Assessing the strength of the
extensor carpi ulnaris. C, Assessing the
strength of the extensor radialis longus and
brevis. (From Reider B: The Orthopedic
Physical Examination, 2nd ed. Philadelphia,
WB Saunders, 2005, p 138.)

the examiner will find the abductor pollicis longus and the extensor
pollicis brevis. These tendons form the volar border of the anatomic
snuffbox and lie in the first dorsal compartment of the wrist.
The floor of the anatomic snuffbox itself is formed by the waist of
the scaphoid bone. Tenderness in this location is concerning for a
scaphoid fracture, especially in a patient whose history involves
falling on an outstretched hand. Immediately distal to the snuffbox

Figure 7.11 Assessing overall finger flexor strength. (From Reider B:
The Orthopedic Physical Examination, 2nd ed. Philadelphia, WB Saunders,
2005, p 140,

floor, the examiner will find the pulsating dorsal branch of the radial
artery and, beyond this, the bony prominence of the trapezium.’

The dorsal border of the anatomic snuftbox is formed by the
extensor pollicis longus, which comprises the third dorsal com-
partment. Passing just beneath this tendon are the extensor carpi
radialis longus and brevis, thus forming the second dorsal com-
partment. These are most easily felt with the wrist extended against
resistance. Near the intersection of these tendons, the examiner
will palpate Lister’s tubercle, which is approximately 2 cm in the
ulnar direction from the radial styloid.” Palpating distal to Lister’s
tubercle will reveal the distal edge of the radius followed by the
scapholunate ligament. From this point, the scaphoid extends
radially and the lunate ulnarly.

The wrist’s fourth dorsal compartment contains the extensor
digitorum communis, which can easily be felt over the midline
of the wrist dorsally as the patient actively extends his or her
fingers. Palpating 1 cm further in the ulnar direction reveals the
extensor digiti minimi (quinti). This tendon, which acts as the sole
extensor for the small finger, occupies the fifth dorsal compartment
of the wrist and lies directly over the distal radioulnar joint.”

The head of the ulna is represented by a 1-cm protrusion on the
ulnar aspect of the dorsal wrist. It is the most prominent landmark
in this area, and it is easily visible on most people. Palpating along
the head radially will reveal the indentation of the distal radioulnar
joint. Palpating along the ulnar border, in turn, leads to the ulnar
styloid. This protuberance anchors the TFCC, which connects the
ulnar styloid to the distal radius. The TFCC may be directly pal-
pated by starting at the ulnar head and moving distally until the
examiner’s fingertip falls into a small depression. Tenderness to
palpation at this site strongly suggests a TFCC injury.S

The sixth and last dorsal compartment of the wrist houses the
extensor carpi ulnaris, which travels through a groove on the ulnar
side of the ulnar head before inserting at the base of the fifth
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metacarpal. It is easily felt as the patient deviates the wrist ulnarly
and extends against resistance. This tendon can subluxate if the
restraining sheath tears. The examiner can reproduce this subluxa-
tion by taking the patient’s wrist from pronation with slight exten-
sion into supination with slight flexion in one smooth motion.’
Moving distally from the TFCC, the examiner will feel another
indentation that represents the lunotriquetral ligament. Just distal
to this is the triquetrum itself, and this is followed by the hamate

Figure 7.13 Assessing function of the flexor digitorum superficialis in the
ring finger. (From Reider B: The Orthopedic Physical Examination, 2nd ed.
Philadelphia, WB Saunders, 2005, p 140,

Palpation e

Figure 7.12 Assessing function of the
flexor digitorum profundus. A, In the index
finger. B, In the little finger. (From Reider B:
The Orthopedic Physical Examination, 2nd
ed. Philadelphia, WB Saunders, 2005, p 140.)

and finally the carpometacarpal joints, where the hamate articu-
lates with the fourth and fifth metacarpals.’

Dorsal hand

For the palpation of the dorsal hand, the examiner should begin
with the metacarpals. Each can be palpated from its base to its
head for tenderness, crepitus, or swelling, which may indicate an
underlying fracture. The phalanges should be palpated in much
the same way. Particular attention should be paid to areas of
obvious swelling, discoloration, or deformity.

At its head, each metacarpal articulates with a phalanx. Each of
the MCP joints should be examined for collateral ligament injury by
palpating both the radial and ulnar sides. Injury to the ulnar col-
lateral ligament of the thumb is particularly common.’ Pain over
the joint dorsally may indicate an intra-articular fracture, osteoar-
thritis, or rheumatoid arthritis and should be differentiated from
pain adjacent to the extensor tendon.’ This tendon can be felt
by having the patient hyperextend the MCPs. Pain in this area
may signify injury to the restraining hood of the extensor mechan-
ism, which could lead to the chronic subluxation of the tendon into
the space between the metacarpal heads.

If one of the proximal interphalangeal joints is swollen, palpating
carefully around the joint may reveal the area of greatest tenderness
and thus, possibly injured structures. The most important structure
dorsally is the insertion of the central slip of the extensor digitorum
communis tendon at the base of the middle phalanx. Injury to

Figure 7.14 Assessing finger abduction strength. (From Reider B:
The Orthopedic Physical Examination, 2nd ed. Philadelphia, WB Saunders,
2005,p 141
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Figure 7.15 A, Assessing thumb extensor
strength. B, Assessing extensor pollicis
longus strength inisolation. (From Reider B:
The Orthopedic Physical Examination, 2nd
ed. Philadelphia, WB Saunders, 2005,p 143.)

this structure can lead to a boutonniere deformity without proper
management.” Tenderness on the radial or ulnar aspects may
indicate injury to the corresponding collateral ligament. Such a find-
ing warrants the testing of collateral ligament integrity (described
later). On the palmar aspect, the joint capsule thickens to form the
volar plate. Pain at this site, as with any of the others, may indicate a
periarticular fracture; radiographs are always warranted.”

Figure 7.16 Assessing thumb flexion strength. (From Reider B:
The Orthopedic Physical Examination, 2nd ed. Philadelphia, WB Saunders,
2005,p 143)

Physical examination of the wrist and hand

The examiner may approach the distal interphalangeal joint in a
similar fashion. At the base of distal phalanx, the extensor digi-
torum communis tendon (or the extensor pollicis longus tendon, in
the case of the thumb) inserts dorsally. Pain at this site may indi-
cate tendon injury or avulsion that can lead to a mallet-finger
deformity.” The patient will be unable to extend the DIP against
resistance. Pain over the radial or ulnar aspect of the joint is sus-
picious for injury to the corresponding collateral ligament. Pain
located volarly raises the question of volar-plate injury.

Volar wrist

Similar to the dorsal wrist examination, this examination begins
with the first dorsal compartment tendons, which form the volar
border of the anatomic snuffbox. Immediately ulnar to these ten-
dons, the examiner will feel the pulsations of the radial artery
(Figure 7.22). Moving distally just past the distal flexion crease
of the wrist will locate the firm tubercle of the scaphoid.
Continuing in a distal and slightly radial direction will lead the

Figure 7.17 Assessing the strength of the abductor pollicis brevis (palmar
abduction) in isolation. (From Reider B: The Orthopedic Physical Examination,
2nd ed. Philadelphia, WB Saunders, 2005, p 143.)



Figure 7.18 Assessing the strength of the adductor pollicis (palmar
adduction). (From Reider B: The Orthopedic Physical Examination, 2nd ed.
Philadelphia, WB Saunders, 2005, p 144.)

examiner to the trapezium and then to the basilar joint, which is
the carpometacarpal joint of the thumb.

Returning to the radial artery and then palpating ulnarly will
lead immediately to the flexor carpi radialis tendon, which inserts
at the base of the second metacarpal. Continuing in an ulnar direc-
tion will next reveal the palmaris longus tendon, which is absent in
20% of the general population.” This tendon is most prominent
when the wrist is slightly flexed and the tips of the thumb and
little fingers are pinched (Figure 7.23).

Between the flexor carpi radialis and the palmaris longus is
a depression overlying the median nerve. Percussion in this area
may reproduce symptoms of median nerve compression in the
carpal tunnel, which is known as canpal tunnel syndrome.
Immediately ulnar to the palmaris longus tendon are the flexor
digitorum superficialis and profundus tendons. These cannot be
seen in a patient with a palmaris longus, but they may be felt gliding
under the examiner’s fingers as the patient opens and closes his or
her fist.>

Continuing in an ulnar direction, the examiner will come to the
ulnar artery, which, unlike its radial counterpart, requires moder-
ately firm palpation to feel. The artery lies just radial to the flexor
carpi ulnaris tendon. This serves as a good landmark because the
tendon is thick, and it becomes quite firm when the patient devi-
ates the wrist ulnarly and flexes against resistance.’ Following this
tendon distally, the examiner will feel it insert onto the ovoid pisi-
form bone at the base of the hypothenar eminence.

From the pisiform, the examiner should palpate distally and
toward the patient’s index finger. Approximately 1 cm along this
line, the examiner will find a small bony prominence that corre-
sponds with the hook of the hamate bone (Figure 7.24). The
fascial structure that the examiner has just traced is the pisohamate
ligament, which forms the roof of the ulnar tunnel (Guyon’s canal).
This is a common site of ulnar nerve impingement.’

Volar hand
The palpation of the bones and joints for suspected pathology has
been covered in the dorsal hand examination. As previously men-
tioned, particular attention should be paid to areas of obvious
swelling, discoloration, or deformity.

The compartmental design of the volar hand makes it prone to
closed-space infections.” Such infections will cause swelling,
erythema, and pain that seem out of proportion to the examination.

Special tests °

Figure 7.19 Assessing opposition strength. (From Reider B: The Orthopedic
Physical Examination, 2nd ed. Philadelphia, WB Saunders, 2005, p 145,

Palpation should be very gentle initially. See Table 7.4 for possible
closed-space infections. These diagnoses require urgent consulta-
tion with a surgeon for incision and drainage.

A common finding in the hand of middle-aged and older ath-
letes is the nodular swelling associated with trigger finger. These
nodules are usually felt at the transverse flexion crease of the palm
or at the proximal flexion crease of the thumb.” The patient flexes
the finger in question as the examiner palpates the associated A-1
pulley. The patient then extends the finger, which will cause a
snap as the nodule slides through the A-1 pulley (Figure 7.25).

Special tests of the wrist and hand can add valuable information to
the physical examination. It is important to remember that,
although a positive test may strongly suggest a particular diagnosis,
a negative test does not rule one out.

Ligaments

Ligamentous instability test for the fingers
The examiner stabilizes the finger to be tested proximal to the joint
in question and then grasps the finger distally to apply a varus and
valgus force while keeping the joint in 30 degrees of flexion.
The results are compared with those of the unaffected hand.
Generally, no laxity should be found. Pain alone indicates a
grade 1 sprain of the corresponding collateral ligament. Pain
with 20 to 30 degrees of laxity indicates a partial tear or a grade
2 sprain. Greater than 30 degrees of laxity indicates a grade
3 sprain, which is a complete tear.

3
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Figure 7.20 Bony landmarks and skin creases of the wrist and hand. (FromTubiana: The hand. In Magee DJ [ed]: Orthopaedic Physical Assessment, 4th ed.
St. Louis, Saunders Elsevier, 2006, p 411.)

A B

Figure 7.21 Dorsal view of the wrist. A, Triangular fibrocartilage complex. B, Extensor carpi ulnaris tendon. C, Lister’s tubercle. D, Radial styloid. E, Abductor
pollicis longus and extensor pollicis brevis tendons. F, Extensor pollicis longus. G, Scaphoid. H, Trapezium. I, Scaphotrapeziotrapezoid joint. J, Extensor radialis
longus and brevis tendons. K, Scapholunate ligament. L, Scapholunate capitate joint. M, Head of the capitate. N, Extensor digitorum communis tendons. O, Ulnar
head. P, Distal radioulnar joint. Q, Ulnar styloid. R, Lunotriquetral ligament. S, Triquetrum. T, Hamate. U, Lunate. (From Reider B: The Orthopedic Physical
Examination, 2nd ed. Philadelphia, WB Saunders, 2005, p 107.)
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Flgure 7.21 Continued.

Skier’s thumb test>®

The examiner takes the thumb into extension and then applies
a valgus stress to the MCP joint, which will stress the ulnar collat-
eral ligament and the accessory collateral ligament. Repeating the
test with the MCP at 20 to 30 degrees of flexion will isolate
the ulnar collateral ligament. Normal laxity of the ulnar collateral
ligament is about 15 degrees. Laxity up to 35 degrees indicates
a partial tear; more than 35 degrees of laxity represents a
complete tear.

Finger extension (shuck) test®

The examiner holds the patient’s wrist in flexion. With the fingers
extended, the patient attempts to extend the wrist against resis-
tance (Figure 7.26). Pain in the wrist indicates midcarpal instabil-
ity, scaphoid instability, inflammation, or Kienbock’s disease
(osteonecrosis of the lunate).

Murphy’s sign®

When making a fist, the head of the patient’s third metacarpal will
normally extend distally beyond that of the second and fourth
metacarpals. If they are instead even, the sign is considered posi-
tive for lunate dislocation.

Capitate apprehension test®

The examiner stabilizes the patient’s forearm and, with the other
hand, holds the capitate (Figure 7.27). An anterior—posterior
force is applied to the capitate. Apprehension, pain, or reproduc-
tion of symptoms indicates a positive test.

Special tests e
Piano keys test®

This will test the integrity of the distal radioulnar joint. The examiner
stabilizes the distal radius and, with the other hand, attempts to
displace the distal ulna dorsally and ventrally (Figure 7.28). Pain
or laxity as compared with the opposite hand indicates a positive
test. This test has been used to investigate the presence of TFCC
injury. In patients with a complete peripheral TFCC tear, the piano
keys test has a sensitivity of 59% and specificity of 96%’ (LOE: B).

Supination lift test®

This test helps detect injury to the TFCC. The patient holds the
forearm in full supination and applies an upward directed force
against resistance (Figure 7.29). Pain over the ulnar aspect of the
wrist or weakness with this test indicates a dorsal TFCC tear.
Forced ulnar deviation may increase the patient’s symptoms.

Axial load test®

While stabilizing the wrist, the examiner holds one of the digits and
applies an axial load. Localized pain may indicate a fracture of the
associated metacarpal or carpal bones. This test may also be posi-
tive with joint arthrosis.

Midcarpal pivot shift test®

This tests midcarpal instability. With the patient’s forearm supi-
nated, the examiner takes the wrist into full ulnar deviation and
applies an axial load. The examiner then passively pronates the
forearm. A painful click indicates a positive test.

Grind test®

This test is similar to the axial load test described previously. The
examiner rotates the digit while applying axial compression.
Localized pain indicates degenerative joint disease or other arthro-
pathy. This test applies to any joint of the wrist or hand.

Linscheid test

There are two tests by this name that have been described in
the literature. The first identifies lunotriquetral instability. The exam-
iner applies a radially directed force over the ulnar border of
the triquetrum. This compresses the lunotriquetral joint, and pain
indicates lunotriquetral instability.” The other Linscheid test is for
the instability of the second and third carpometacarpal joints. The
examiner supports the metacarpal shafts with one hand and with the
other applies a dorsally or palmarly directed force over the metacar-
pal heads. Localized pain over the carpometacarpal joints indicates
a positive test for carpometacarpal instability” """ (Figure 7.30).

Muscles and tendons

The most common injury to a muscle or tendon is a strain.
Resisting the activity of the injured structure will recreate the
patient’s pain, and direct palpation of the structure usually will
as well. Because this is true with any muscle or tendon in the
body, it is not considered a special test. The following tests are
considered special in that they have gained acceptance for testing
specific structures.

Table 7.4 Closed-Space Infections of the Hand

Location Associated Infection
Volar fingertip Felon
Volar finger Infectious flexor tendonitis

Middle and distal palm
Thenar eminence

Midpalmar space infection
Thenar space infection
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Figure 7.22 Palmar view of the wrist. A, Distal flexion crease. B, Abductor pollicis longus. C, Palmaris longus. D, Flexor carpi radialis. E, Median nerve.

F, Pisiform. G, Flexor carpi ulnaris. H, Ulnar artery and nerve. I, Radial artery. J, Scaphoid tubercle. K, Trapezium. L, Basilar joint. M, Longitudinal interthenar crease.
N, Flexor digitorum tendons. O, Hook of the hamate. P, Guyon's canal. Q, Proximal and distal margins of the transverse carpal ligament. (From Reider B: The
Orthopedic Physical Examination, 2nd ed. Philadelphia, WB Saunders, 2005, p 115,
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Figure 7.23 A, Prominence of the flexor carpi radialis
(solid arrow) and the palmaris longus (open arrow)
increased by active wrist flexion. B, Demonstration of
the palmaris longus tendon by pinching. (From Reider B:
The Orthopedic Physical Examination, 2nd ed.
Philadelphia, WB Saunders, 2005, p 116.)

Figure 7.24 A and B, Palpation of the hook
of the hamate. (From Reider B: The
Orthopedic Physical Examination, 2nd ed.
Philadelphia, WB Saunders, 2005, p 137)

Figure 7.25 A and B, Palpation for trigger
finger of the ring finger. (From Reider B: The
Orthopedic Physical Examination, 2nd ed.
Philadelphia, WB Saunders, 2005, p 136.
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Figure 7.26  Finger extension (shuck) test. (From Magee DJ: Orthopaedic
Physical Assessment, 4th ed. St. Louis, Saunders Elsevier, 2006, p 394.)

Finkelstein's test>*?

This test is used to detect de Quervain’s or Hoffmann’s disease,
which is a paratenonitis of the thumb.'® The patient makes a fist
with the thumb inside the fingers (Figure 7.31); the examiner then
deviates the wrist ulnarly. Reproduction of the patient’s symptoms
(specifically pain over the extensor pollicis brevis and the abductor
pollicis longus) is considered a positive test. Because this maneu-
ver may cause pain in normal individuals, the affected thumb
should be compared with the unaffected thumb.

Sweater finger sign®

The patient makes a fist, and the distal phalanges are observed
lying in the palm. If one of the distal phalanges fails to flex, then
the insertion of the flexor digitorum profundus tendon has failed
either through rupture or avulsion (Figure 7.32). The ring finger is
most often injured.

Extensor hood rupture

This test was first described by Elson.'* The patient flexes the
involved finger to 90 degrees at the PIP joint (classically over the
edge of a table). As the examiner holds the middle phalanx in
position, the patient extends the finger. An absence of extension
force at the PIP joint coupled with fixed extension at the DIP joint
comprises a positive test for central extensor hood rupture.

Figure 7.27 Capitate displacement test. The examiner’s thumb is
positioned over the capitate to displace it posteriorly. (From Magee DJ:
Orthopaedic Physical Assessment, 4th ed. St. Louis, Saunders Elsevier,
2006, p 394)

Figure 7.28 Piano keys test. (From Reider B: The Orthopedic Physical
Examination, 2nd ed. Philadelphia, WB Saunders, 2005, p 153.)

Boyes’ test'#1°

This is another test for central extensor hood rupture. The PIP joint
is held passively in extension, and the patient attempts to flex the
DIP. An inability to flex the DIP indicates hood rupture.
Unfortunately, this test only becomes positive when the extensor
hood has retracted and adhered to surrounding structures. This is a
late finding, and because these injuries benefit from early repair,
the test by Elson that was previously described is considered
superior.

Bunnel—Littler (Finochietto—Bunnell) test®
This test examines the structures surrounding the PIP joint, and it is
also known as the intrinsic-plus test. The patient is passive during

Figure 7.29 Supination lift test. (From Magee DJ: Orthopaedic Physical
Assessment, 4th ed. St. Louis, Saunders Elsevier, 2006, p 395.)



Figure 7.30 Linscheid test. (From Magee DJ: Orthopaedic Physical
Assessment, 4th ed. St. Louis, Saunders Elsevier, 2006, p 395.)

this test. The examiner holds the MCP joint in extension and then
attempts to flex the PIP joint. An inability to do this indicates either
inflexible intrinsic muscles or a PIP joint capsule contracture. The
test is then repeated with the MCP joint slightly flexed. Successful
flexion implicates inflexible intrinsic muscles for the previous find-
ings; continuing rigidity indicates joint capsule contracture.'®

Froment's test’

This test evaluates the strength of a patient’s key pinch, which is
enacted by the adductor pollicis. To perform the test, the patient
makes tight fists with both hands and places them against each
other. The patient then uses the thumbs to hold an index card
against the radial aspect of the index fingers. Normally the patient
can resist the withdrawal of the card while keeping the PIP joints
extended. If the adductor pollicis is weak, however, the patient
will usually attempt to compensate by firing the flexor pollicis
longus. This will result in flexion at the PIP on the affected
hand, which is known as Froment's sign.

Subluxation of the extensor carpi ulnaris

The extensor carpi ulnaris tendon lies in the sixth dorsal com-
partment of the wrist. If the ulnar septum of this compartment
is ruptured, the tendon will be free to subluxate in supina-
tion and then reduce in pronation. To complete the test, the
patient may actively pronate and supinate the forearm while the
examiner palpates the extensor carpi ulnaris at the wrist' (see
Figure 7.21). Alternatively, the examiner may passively pronate
and supinate the patient’s forearm.> A painful snap is considered
a positive test.

Intersection syndrome

This syndrome is characterized by pain over the dorsal wrist where
the extensor pollicis brevis and the abductor pollicis longus cross
the wrist extensors. It is an overuse syndrome that is common
among athletes with repetitive stresses on the wrist (e.g., weightlif-
ters, rowers, canoeists).’ Clinical examination will reveal tenderness

|
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Figure 7.32 Sweater finger sign. Rupture of the flexor digitorum profundus
tendon of the ring finger. (From Magee DJ: Orthopaedic Physical Assessment,
4th ed. St. Louis, Saunders Elsevier, 2006, p 396.)

to palpation over the dorsoradial wrist located 6 cm proximal to
Lister's tubercle.'” The test is positive if palpation reveals crepitus
with or without an audible squeak.’

Nerves and reflexes

Median nerve entrapment

The following tests are for carpal tunnel syndrome, which is
characterized by pain or paresthesias in the distribution of the
median nerve (see Figure 7.9). This is the most common nerve
entrapment in the hand.” Techniques for performing the tests have
been compiled from various authors who have used the tests in
clinical trials; otherwise, they have been compiled from expert
opinion.

Phalen’s test®>*8-33 for this test, the patient holds the wrist in
90 degrees flexion for 60 seconds. The dorsal aspects of the hands
may be apposed or the hand hung over a table edge. The test is
positive if the patient’s symptoms are reproduced (Figure 7.334).
In clinical trials, sensitivity ranges from 34% to 88% and specificity
ranges from 40% to 100% (LOE: B).

Reverse Phalen’s test®® This test is similar to Phalen’s test
except that the wrists are held in 90 degrees extension for
60 seconds. The palmar aspects of the hands may be apposed
(see Figure 7.33 B). The test is positive if the patient’s symptoms
are reproduced.

Tinel's test®>18-2022-33 1yncg test is performed with the
patient’s elbow flexed comfortably and the forearm supinated.
The wrist is in a neutral position. The examiner taps with the
index and middle fingers or a reflex hammer over the median
nerve at the wrist and repeats this four to six times (Figure 7.34).

'

Figure 7.31 Finkelstein test. (From Magee DJ:
Orthopaedic Physical Assessment, 4th ed.
St. Louis, Saunders Elsevier, 2006, p 396.)
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Figure 7.33 A, Phalen’s test. B, Reverse
Phalen’s test. (From Reider B: The

Orthopedic Physical Examination, 2nd ed.
Philadelphia, WB Saunders, 2005, p 148.) A

The test is positive if the patient reports pain or paresthesias in the
distribution of the median nerve (see Figure 7.9). In clinical trials,
Tinel’s sign has a sensitivity of between 23% and 74%; specificity
ranges from 77% to 100% (LOE: B). Tinel’s test can also be used over
other common sites of nerve entrapment to reproduce a patient’s
symptoms (Figure 7.35).

Carpal compression test*820:21:2428-32 1, 10 this test,
the patient sits with the elbow flexed comfortably and the
forearm pronated. The examiner applies pressure over the
median nerve just distal to the distal flexion crease (see Figure
7.22). Most of the studies examining this test have used 30 seconds
of compression, although some have used 5 seconds® and some
have used 60 seconds.”” The test is considered positive for carpal
tunnel syndrome if pain, paresthesias, or numbness is reproduced
in the median nerve distribution (see Figure 7.9). According to
clinical trials, the carpal compression test has a sensitivity of
between 28% and 89% and a specificity of between 30% and
95% (LOE: B).

Ulnar nerve entrapment

Ulnar nerve compression test® Compression of the ulnar nerve
is the (distant) second most common nerve entrapment after
carpal tunnel syndrome. The site of entrapment is usually
Guyon’s canal, which is formed by the pisohamate ligament that

Physical examination of the wrist and hand

connects the pisiform with the hook of the hamate. To perform the
test, the examiner compresses the ulnar nerve just radial to the
pisiform bone on the volar aspect of the wrist (Figure 7.36);
compression is held for 60 seconds. The test is positive if it pro-
duces pain or paresthesias in the distribution of the ulnar nerve
(see Figure 7.9). This condition is common in cyclists and has been
referred to as “handlebar palsy.”**

Upper motor neuron lesion

Hoffman’s sign This test will indicate the presence of an upper
motor neuron lesion; it is considered the upper extremity equiva-
lent of the Babinski’s test.® The examiner holds the patient’s
middle finger and flicks the distal phalanx briskly. The test is posi-
tive if the thumb IP joint on the same hand flexes. Because upper
motor neuron lesions will affect the upper and lower extremities, a
positive test should prompt the examiner to also check for
Babinski’s sign and clonus in the feet.

Bones

Scaphoid fractures

Scaphoid fracture test® For this test, the examiner deviates the
patient’s wrist ulnarly while the forearm is pronated. Pain in the
anatomic snuffbox indicates a positive test. One clinical trial
showed a sensitivity of 100% and a specificity of 34%* (LOE: B).

Figure 7.34 Tinel's test over the median nerve. (From Reider B: The
Orthopedic Physical Examination, 2nd ed. Philadelphia, WB Saunders, 2005,
p 147)

Figure 7.35 Tinel's test over the ulnar nerve at the wrist. (From Reider B:
The Orthopedic Physical Examination, 2nd ed. Philadelphia, WB Saunders,
2005,p 148)
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Figure 7.36  Ulnar nerve compression test at the wrist. (From Reider B: The
Orthopedic Physical Examination, 2nd ed. Philadelphia, WB Saunders, 2005,
p 148.)

Anatomic snuffbox tenderness The examiner exerts pressure
over the anatomic snuffbox (Figure 7.37). The test is positive if
pain is elicited in the radial wrist. Clinical trials showed a sensitivity
of 100% and specificity of 29% to 9806373 Specificity improves
markedly when the patient has a mechanism of injury that is sug-
gestive of scaphoid fracture'® (LOE: B).

Scaphoid tubercle tenderness The examiner applies pressure
over the patient’s scaphoid tubercle. The test is positive if pain is
elicited. One clinical trial showed sensitivity of 83% and a specifi-
city of 51%'®% (LOE: B).

Scaphoid compression test (axial load test) The examiner
holds the patient’s thumb and applies axial pressure through the
first metacarpal and onto the scaphoid. The test is positive if pain is
elicited in the radial wrist. Clinical trials showed a sensitivity of
100% and a specificity of 80% to 98%.°>° Again, specificity
improves when the patient has a mechanism of injury that is sug-
gestive of scaphoid fracture'® (LOE: B). This test can also be per-
formed on other digits to detect fractures of the metacarpals or
associated carpal bones.

Resisted supination test The examiner holds the patient’s
hand in a handshake position. The patient supinates the forearm
while the examiner resists. The test is positive if pain is elicited in
the radial wrist. One clinic trial found this test to have a sensitivity
of 100% and a specificity of 98% for patients with a mechanism that
was suggestive of scaphoid fracture'®*° (LOE: B).

Figure 7.37 Palpation of the scaphoid. (From Reider B: The Orthopedic
Physical Examination, 2nd ed. Philadelphia, WB Saunders, 2005.)

Carpal instability

Watson test (scaphoid shift test) The examiner
holds the patient’s wrist in full ulnar deviation and slight extension;
the distal pole of the scaphoid is stabilized with the other
hand (Figure 7.38). The examiner takes the wrist passively into
radial deviation and slight flexion. An unstable scaphoid will
sublux over the dorsal rim of the radius, causing pain and
a characteristic “clunk” with relocation. The test is also considered
positive for scaphoid instability if there is significant pain with
the maneuver or if the patient’s symptoms are reproduced.
Clinical trials have shown the sensitivity of Watson’s test to be
from 64% to 69%; specificity ranges from 44% to 66% (LOE: B).

3,17,18,37-39

Lunotriquetral ballottement (Reagan’s) test> > The exam-

iner stabilizes the patient’s lunate bone with the thumb and index
finger of one hand. The other hand mobilizes the pisotriquetral
complex in a palmar direction that is followed by a dorsal direction
(Figure 7.39). The test is positive for lunotriquetral instability if
the patient’s symptoms are reproduced or if excessive laxity is
noted. One clinical trial showed this test to have a sensitivity of
64% and a specificity of 44%" (LOE: B).

Lunotriquetral shear test® This test will also determine the
integrity of the lunotriquetral ligament. The examiner stabilizes
the patient’s wrist by placing his or her thumb in the patient’s palm
and his or her fingers over the lunate dorsally (Figure 7.40).
An anterior—posterior directed force applied to the pisotriquetral
joint will place a shearing force on the lunotriquetral joint. Pain,
laxity, or crepitus indicates a positive test.

Figure 7.38 A and B, Scaphoid shift test.
(From Reider B: The Orthopedic Physical
Examination, 2nd ed. Philadelphia,

WB Saunders, 2005, p 152.)
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Figure 7.39 Lunotriquetral ballottement (Reagan’s) test. (From Reider B:
The Orthopedic Physical Examination, 2nd ed. Philadelphia, WB Saunders,
2005, p 152)

Figure 7.40 Lunotriquetral shear test. (From Magee DJ: Orthopaedic
Physical Assessment, 4th ed. St. Louis, Saunders Elsevier, 2006, p 393
Ulnomeniscotriquetral dorsal glide™®*° The patient is seated
with the forearm resting on a table in a pronated position. The
examiner places his or her thumb over the head of the ulna, and
the index finger of the same hand then presses up on the pisotri-
quetral complex volarly. The examiner’s thumb and finger are
squeezed together. If this reproduces the patient’s pain or if sig-
nificant laxity is noted, then the test is positive for ulnomenisco-
triquetral complex instability. The sensitivity of the test is 66%, and
the specificity is 64% (LOE: B).
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CHAPTER

Physical Examination of the Elbow

Thomas M. Howard, MD; Joel L. Shaw, MD;
and James Phillips, MD

KEY POINTS

+ Because the muscles that originate in the elbow act in wrist
motion, when evaluating elbow injuries, it is essential to also
test wrist strength and range of motion.

- Lateral epicondylitis is diagnosed by examining wrist extensors,
whereas medial epicondylitis is diagnosed by examining wrist
flexors.

+ Tinel's sign, the elbow flexion test, Wartenberg’s sign, and
Froment’s sign are useful for the diagnosis of an ulnar nerve
injury.

- The pronator teres syndrome test and the pinch grip test are
useful for the diagnosis of a median nerve injury.

+ The posterolateral rotatory instability test is used to identify the
most common type of elbow instability.

INTRODUCTION

The increasing involvement in organized sports has resulted in an
increase in sports-related injuries, including elbow injuries. Because
of its location as the axis of the central joint of the upper extremity,
the elbow is prone to both traumatic and overuse injuries.

Multiple types of elbow injuries occur in athletes, most often as
a result of chronic repetitive forces, elbow overload, poor techni-
que, or improper equipment. About 20% of overuse injuries in the
young athlete involve the elbow.' In one study of young baseball
pitchers over a l-year period, the incidence of elbow injuries
requiring treatment was 40%. Bony and ligamentous injuries
also occur in the elbow, usually in accordance with overuse, but
these can be caused by direct trauma. This chapter will focus on
the examination of the elbow and on differentiating among the
possible injuries of this joint.

ANATOMY

The elbow joint is formed by three articulations that provide static
and functional stability to allow for flexion, extension, supination,
and pronation. Normal elbow motion is from approximately 0 to

135 degrees of flexion and about 90 degrees of pronation and
supination.f'

The bony anatomy includes the two condyles of the humerus,
the trochlea and the capitellum, which articulate with the proximal
ends of the radius and ulna. The trochlea (or medial condyle) is
grooved, and it articulates with the semilunar notch of the ulna to
form the humeroulnar joint. This articulation forms a modified
hinge that allows for flexion, extension, and stability. The capitel-
lum (or spherical-shaped lateral condyle) articulates with the radial
head to form a combination hinge-and-pivot joint called the
bumeroradial joint. This joint allows for flexion, extension, and
axial rotation. Finally, the radial head articulates with the lesser
sigmoid notch of the ulna to form the radioulnar joint, which
also provides axial rotation.*

As a result of the relative instability of the osseous articulations
at the elbow, the ligaments are required to provide about 50% of
elbow stability. The medial collateral ligament complex, which is
the stronger of the collateral ligaments, is formed by anterior,
posterior, and transverse ligaments. The anterior ligament provides
about 70% of valgus stability and remains tight throughout the
entire range of elbow flexion, thus providing the majority of this
ligament's stability.® The posterior ligament only becomes tight
past 90 degrees of flexion, thus providing minimal stability; the
transverse ligament does not appear to provide any stability.

The lateral collateral ligament complex provides both rotational
and varus elbow stability. This complex originates at the lateral
epicondyle and inserts along the annular ligament. There are
four ligaments that form this complex. The annular ligament,
which surrounds the head of the radius, stabilizes it in the radial
notch. The radial collateral ligament provides the majority of varus
stability, remaining tight throughout flexion and extension; the
lateral ulnar collateral ligament provides inferior rotatory stability.
The accessory lateral collateral ligament assists the annular
ligament with stabilizing the radial head during varus stress.”

There are four major muscle activities that are controlled by
separate muscle groups that pass through the elbow joint.
Flexion is performed by the biceps brachii, brachioradialis, and
brachialis muscles. Extension is controlled by the triceps and anco-
neus muscles. Supination is controlled by the supinator and biceps
brachii muscles. Pronation involves the pronator quadratus, pro-
nator teres, and flexor carpi radialis muscles. Additionally, the
flexor pronator muscles of the wrist originate from the medial
epicondyle, and the wrist extensors originate from the lateral
epicondyle.®
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HISTORY

The first step is to determine from the patient whether the injury
occurred traumatically or gradually over time. An understanding of
the recreational and occupational activities of the patient may help
determine the mode of the patient’s elbow injury. Characteristics of
the patient’s pain, including timing, duration, intensity, location,
character, frequency, and eliciting or relieving factors will help
direct the diagnosis. The relationship of the pain to activity will
help determine the severity of the injury. Finally, the physician
needs to look for loss of function or symptoms that are suggestive
of nerve damage or compression.

PHYSICAL EXAMINATION

After the differential diagnosis (Table 8.1) is narrowed down by
the history, the definitive diagnosis is often determined by the
physical examination. The initial examination involves the inspec-
tion of the elbow to look for bruising, atrophy, or swelling. Next,
the patient should attempt to move through the range of motion to
determine any loss in muscle function.

The palpation of several areas is essential. Posterior palpation
should include the olecranon, the olecranon bursa, and the triceps.
The palpation of both the medial and lateral epicondyle may sug-
gest fracture, apophysitis, or epicondylitis. When testing for inflam-
mation or injury of the extensor tendons of the wrist (especially the
extensor carpi radialis tendon in cases of tennis elbow), resisted
extension of the wrist will elicit pain at the lateral epicondyle.

Similarly, resisted flexion of the wrist will elicit discomfort at
the medial epicondyle in patients with inflammation of the flexor
tendons of the wrist.

Examination for the ligamentous stability of the medial and
lateral collateral ligaments should be performed. Valgus stress
applied to the elbow in both full extension and in several positions
of flexion will determine the stability of the medial collateral
ligament. Varus stress applied to the elbow will determine any
damage to the lateral collateral ligament. Lastly, a neurovascular
examination should be performed. This type of examination
will be described in further detail throughout the rest of this
chapter.

Range of motion

The elbow joint benefits from a wide range of motion. A limited
range of motion would prevent important activities of daily living
and, obviously, athletic activity. The range of motion in the elbow

involves the following movements: elbow flexion, elbow exten-
sion, forearm supination, and forearm pronation. Flexion and
extension are mainly produced at the humeroulnar and humeror-
adial joints. The radioulnar articulations proximally and distally are
involved in supination and pronation. Range-of-motion testing can
be accomplished with the patient either standing or sitting, and it
should initially be tested actively.

Flexion

The patient should be asked to flex his or her elbow in an attempt
to touch the hand to the shoulder. During this testing, the elbow
should remain directly at the patient’s side. Adequate range of
motion should result in the patient being able to touch his or her
anterior shoulder, and it can be measured to at least 135 degrees.
This motion may be limited by anterior muscle mass.

Extension
The triceps, as will be discussed more in the strength section,
controls extension. Extension is usually limited by the contact of
the olecranon against the olecranon fossa. The patient should be
instructed to straighten his or her elbow as far as possible, keeping
the elbow directly at the side again. In most cases, a male will be
able to extend to 0 degrees, although this may be limited by a tight
biceps tendon. Most females will at least make it to 0 degrees, and
they may even have 5 degrees of recurvatum.

Flexion and extension can be tested in a continuous motion.
The left and right sides should be tested at the same time to deter-
mine any asymmetry.

Supination

The amount of supination is affected by the ability of the radius to
rotate around the ulna and by any limitations at either the distal
(wrist) or proximal (elbow) articulations.

Have the patient flex the elbow to 90 degrees and hold the
elbow directly against the side. Start with the hand facing palm
down in front of the patient. Next, have the patient attempt to
rotate the forearm and palm up, remembering to keep the elbow
against the side. Most patients should be able to rotate the forearm
until the palm is facing up. Keeping the elbow against the patient’s
side prevents the patient from using shoulder adduction and
flexion to assist with supination.

Pronation

Just like supination, pronation can be limited by abnormalities
either proximally or distally that prevent the smooth rotation of
the radius around the ulna. The patient will have his or her arm in
the same position to test both pronation and supination.

Table 8.1 Differential Diagnosis of Elbow Injuries byAnatomic Area

Traumatic Injuries

Medial Lateral

Posterior

Medial epicondylar fracture
Supracondylar fracture

Lateral epicondylar fracture
Capitellum fracture

Elbow dislocation
Olecranon fracture

Radial head fracture

Radial head subluxation

Overuse Injuries

Medial Lateral

Posterior Anterior

Medial epicondylitis

Ulnar collateral ligament sprain
Osteochondritis dissecans
Ulnar nerve entrapment

Lateral epicondylitis
Radial tunnel syndrome
Posterior interosseous nerve syndrome

Olecranon bursitis
Olecranon impingement
Triceps tendinitis

Forearm splints

Median nerve compression syndrome
Pronator syndrome

Biceps tendinitis
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Figure 8.1 Elbow strength testing: flexion.

Pronation involves starting in a position of full supination (palm
facing up) and rotating to full pronation (palm facing down to the
ground). Again, the patient must keep the elbow directly at the
side and at 90 degrees of flexion to prevent any assistance from
shoulder motion. Any asymmetry between the sides represents a
pathologic limitation in motion.

As in flexion—extension, supination and pronation represent a
common arc of motion. For this reason, they should be tested as a
single, continuous test. Both arms should again be tested simulta-
neously to note any asymmetry in motion.

If a patient is unable to perform any motions with active testing,
then the provider should proceed to passive motion testing. For
the passive testing of flexion—extension, have the patient again
hold his or her elbow at 90 degrees directly against his or her
side. At this point, the provider should cup the olecranon in his
or her hand and hold the elbow directly against the patient’s side.
With the other hand holding the arm just above the wrist,
the provider will attempt to move the elbow through a normal
range of motion in flexion and extension. The physician will be
feeling for any limitation of motion related to an anatomic block or
splinting related to pain. After determining the passive range of
motion, the provider will have the patient attempt an active range

r

Figure 8.2

Elbow strength testing: extension.

Figure 8.3 Elbow strength testing: supination.

of motion again to compare passive and active limitations in
motion.

For the passive testing of supination and pronation, the arm
should be held in the same stable starting position. This time,
stability will be provided by the physician holding the patient’s
hand as if shaking hands. The physician should use a firm
enough grip to control the motion of the forearm. Slowly supinate
and pronate the forearm to determine any limitation of motion and
to measure the full range of motion. Feel for a sudden firm block or
a slow stretch. This should again be compared with the patient’s
active range of motion.

Strength testing

The most common way to test the elbow musculature is through
isometric and resisted motion. Studies have shown that flexion is
most powerful between 90 and 110 degrees of flexion and with the
forearm in a position of supination. Flexion power decreases to
75% at 45 and 135 degrees of flexion.” Other studies have shown
that, in general, with isometric testing, men are twice as strong as
women at the elbow joint, extension is 60% as strong as flexion,
and pronation is 85% as strong as supination‘w The movements
that should be tested include elbow flexion, extension, supination,
and pronation and wrist flexion and extension. For resisted iso-
metric testing, the patient should be seated, with the provider
standing in front of the patient.

For elbow strength testing, the provider should use one hand to
stabilize the patient’s elbow at the side by cupping the olecranon.
For each motion, while the provider is pushing in one direction,
the patient will push in the opposite direction. For example, to test
flexion, the provider will attempt to move the elbow into extension
while the patient resists by attempting to flex the elbow. This
procedure will be used to test flexion, extension, supination, and
pronation, as seen in Figures 8.1 through 8.4.

While examining the elbow, the provider should also test wrist
flexion and extension because the muscles that control these
motions originate from the elbow joint and act over both the
elbow and the wrist. To test wrist strength, the provider should
stabilize the forearm with one hand. The forearm should be posi-
tioned in pronation during the strength testing of the wrist. With the
other hand, the provider will resist extension or flexion of the wrist,
depending on the motion being tested (Figures 8.5 and 8.6).

Weakness on muscle testing of the elbow can indicate multiple
potential injuries. If the patient has weakness with pain, the most
likely diagnoses include tendinosis, a muscle tear, or a traumatic
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Figure 8.4 Elbow strength testing: pronation.

injury such as a fracture. If the patient has weakness without pain,
possible injuries include a severe strain of the muscle tissue or a
neurologic injury. The distribution of muscle weakness and sub-
sequent sensory testing can differentiate the location of neurologic
injury (see Table 8.1). Sensation around the elbow and forearm is
distributed anatomically as follows®:

C5: Lateral arm as a result of the axillary nerve

C6: Lateral forearm as a result of the musculocutaneous nerve
C8: Medial forearm as a result of the antebrachial cutaneous nerve
T1: Medial arm as a result of the brachial cutaneous nerve.

Along with strength testing, the provider should test associated
reflexes at or involving the elbow. The common reflexes tested
around the elbow include the biceps (C5-C6), the brachioradialis
(C5-C6), and the triceps (C7-C8). This examination should be done
in accordance with sensory testing, including the dermatomes and
the cutaneous distribution around the elbow.

Palpation
Palpation should be accomplished with the patient as relaxed as
possible, whether seated or in the supine position. This examination

Figure 8.5 Elbow strength testing: wrist extension.

Figure 8.6 Elbow strength testing: wrist flexion.

can start at the anterior aspect but should include all areas of the
elbow, as discussed later.

Anterior aspect

The cubital fossa is the first area palpated anteriorly. Its boundaries
include the pronator teres muscle medially, the brachioradialis
muscle laterally, and a line superiorly connecting each epicondyle.
Palpable structures within this fossa include the biceps tendon
and the brachial artery. The brachial artery is significant as a
result of the risk of injury with traumatic injuries such as fractures
or dislocations. Injury to this artery can lead to compartment
syndrome or Volkmann’s ischemic contracture. Although they
are not palpable, the median and musculocutaneous nerves also
pass through this fossa. It is also possible to palpate the coronoid
process of the ulna and the head of the radius through this fossa.
Finally, the biceps and brachialis muscles may be palpated for
abnormalities.

Medial aspect
The first and most obvious structure to palpate medially is the
medial epicondyle. This structure is where the wrist flexor and
forearm pronator muscles originate. The muscle bellies and their
origins at the epicondyle should be palpated. Tenderness here
suggests the presence of medial epicondylitis or golfer’s elbow.
The medial (ulnar) collateral ligament may be palpated as it origi-
nates from the medial epicondyle and extends to both the
coronoid process (medial margin) and the olecranon process.
Posterior to the medial epicondyle, the provider will palpate the
cubital tunnel, within which the ulnar nerve passes. Palpation here
may cause a sensation that is consistent with compression of the
ulnar nerve.

Lateral aspect

The first structure to palpate laterally is the lateral epicondyle. This
provides the origin of the wrist extensor muscles. The provider
again should palpate the muscle bellies along with their insertion
at the lateral epicondyle. Tenderness at the origin of the common
extensor tendon indicates potential lateral epicondylitis or tennis
elbow. On palpation, the provider will notice that the extensor
carpi radialis longus muscle inserts above the epicondyle along a
ridge that extends to the humeral shaft. The provider should also
be able to palpate the brachioradialis and supinator muscles lat-
erally. The lateral (radial) collateral ligament can be palpated as a
cord extending from the lateral epicondyle to the annular ligament
and the lateral ulna. During the supination and pronation of the



Figure 8.7 Varus testing of the lateral collateral ligament.

forearm, the physician should be able to feel the radial head and
the annular ligament as they rotate.

Posterior aspect

The posterior aspect of the elbow is best palpated with the
patient’s elbow flexed at 90 degrees. The olecranon process
becomes prominent distally at 90 degrees of flexion. At this
point, if the skin is grabbed, the olecranon bursa will be palpated.
The physician should be able to note any thickness of synovium or
loose bodies that may put the patient at risk for developing ole-
cranon bursitis in the future. Finally, the provider should palpate
along the triceps tendon and the muscle belly of the triceps to note
any abnormalities. To identify the distal triceps tendon, with the
patient’s elbow flexed at 90 degrees, the provider may palpate
the tendon body within the olecranon fossa directly proximal to
the olecranon process.

Special tests

Musculoskeletal literature has a paucity of studies evaluating the
sensitivity and specificity of the following special tests. Until
further research is conducted, the level of evidence for the majority
of the tests described here is based on expert opinion rather than
randomized studies.

Ligamentous tests

Ligamentous instability test This testing is used to identify
varus (lateral or radial) and valgus (medial or ulnar) instability in
the elbow. To stabilize the patient’s arm, the examiner secures one
hand at the patient’s elbow and the other hand just above the
patient’s wrist. Each ligament is tested with the patient’s forearm
flexed at 20 to 30 degrees to unlock the olecranon from the fossa.
To test the lateral collateral ligament (varus instability), the
examiner exerts a varus or adduction force to the distal forearm
while stabilizing the elbow and palpating the radial ligament
(Figure 8.7). In a normal elbow, the provider will feel the liga-
ment tense during this stress. Although several successive attempts
are made, any change in pain or range of motion should be noted.
Excessive laxity or a soft end point during this testing would indi-
cate a positive test and joint instability.

For valgus (ulnar collateral ligament) testing, the patient’s elbow
and forearm should be placed in the same position. To test the
medial collateral ligament (valgus instability), the examiner exerts
avalgus or abduction force to the distal forearm while stabilizing the
elbow and palpating the ulnar ligament (Figure 8.8). A positive test
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again is signified by a change in pain or range of motion, excessive
laxity, or a soft end point.

Milking maneuver The milking maneuver is a sensitive test for
damage to the medial collateral ligament. To perform this test,
have the patient place his or her forearm in supination with the
shoulder extended and the elbow flexed to 90 degrees. The phy-
sician should then pull on the patient’s thumb. With damage to the
medial collateral ligament, the patient will report localized pain in
the medial elbow and a sensation of apprehension and instability
with this valgus tension. In a recent article,"" a modification of this
maneuver was described. In this maneuver, the provider stands
next to the patient on the side of the elbow injury. The patient will
then flex the shoulder to 90 degrees and supinate the forearm
with the thumb pointed toward the provider. While grasping the
thumb, the provider will provide valgus stress to the forearm while
moving the elbow throughout its full range of motion. While per-
forming this maneuver, the provider can palpate the areas of ten-
derness on the medial elbow. The possible advantages of this
modification include testing the elbow through its full range of
motion and the ability to identify at what point in the range of
motion the stress and pain occurs.

Posterolateral rotatory apprehension test (posterolateral
pivot—shift test) This test assesses the laxity of the ulnar insertion
of the lateral collateral ligament. If present, this instability allows
the humeroulnar joint to sublux, with secondary dislocation of the
humeroradial joint. The ulna will displace on the humerus such
that the ulna supinates or laterally rotates away from the trochlea.
This is the most common type of instability within the elbow.
During this test, the patient lies supine with the affected arm
held overhead and with the shoulder rotated externally. The
examiner grasps both the patient’s wrist and the extended
elbow. While standing at the head of the table, the physician
provides a mild supination force at the wrist (Figure 8.9). Next,
the physician will slowly flex the elbow while applying valgus and
axial compression forces. A patient with posterolateral instability
will become apprehensive with a sensation that the elbow will dis-
locate posterolaterally at approximately 20 to 30 degrees. If the
examiner is able to continue flexing the elbow, at 40 to 70 degrees,
there will be a sudden reduction of the joint that may be both
palpated and seen'? (LOE: E). Actual dislocation and reduction
are usually only achieved in an unconscious or sedated patient.

Figure 8.8 Valgus testing of the ulnar collateral ligament.
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Figure 8.9 Posterolateral rotatory apprehension test.

Tests for epicondylitis

Lateral epicondylitis test, type 1 The provider should stabilize
the patient’s elbow with the thumb resting against the patient’s
lateral epicondyle. With the other hand, the provider should
hold the patient’s fist in an effort to resist motion (Figure 8.10).
Direct the patient to form a fist, and then pronate the forearm.
While resisting the patient’s motion, have the patient deviate the
wrist radially and extend the wrist. The test is considered positive if
this resisted motion causes pain at the location of the lateral
epicondyle as palpated by the examiner’s thumb."?

Lateral epicondylitis test, type 2 As opposed to test type 1, this
test is performed with the patient acting passively. The examiner
should again position his or her hand along the patient’s elbow
with the thumb resting on the lateral epicondyle. The patient’s
forearm should then be passively pronated while the wrist is
simultaneously flexed and the elbow is extended (Figure 8.11).
Pain over the lateral epicondyle during this maneuver is consid-
ered a positive test. This test can potentially stress the radial nerve
in patients with radial nerve compression, thus confusing the

Figure 8.11 Lateral epicondylitis test, type 2.

diagnosis of lateral epicondylitis with radial nerve compression.
Further diagnostic testing may be required to differentiate between
these diagnoses.

Lateral epicondylitis test, type 3 The provider should have the
patient position the elbow in a resting position of flexion. The
provider will position his or her finger along the distal portion of
the patient’s long finger (Figure 8.12). In this position, the exam-
iner should resist extension of the long finger distal to the proximal
interphalangeal joint. This will specifically resist the action of the
extensor digitorum muscle and tendon. A positive test is again
signified by pain over the lateral epicondyle.

Medial epicondylitis test The examiner will position his or her
hand supporting the elbow and with the thumb resting against the
medial epicondyle. With the other hand, the provider should
passively supinate the forearm while extending both the wrist
and the elbow (Figure 8.13). This will stretch the origin of the
flexor tendon complex at the medial epicondyle. Pain at the
medial epicondyle indicates a positive test.

Figure 8.10 Lateral epicondylitis test, type 1.

Figure 8.12 Lateral epicondylitis test, type 3.
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Figure 8.13 Medial epicondylitis test.

Tests for neurologic dysfunction™*

Tinel’s sign This test can be performed either on the ulnar or
the radial side. For the ulnar nerve, the provider will tap in the
ulnar groove between the olecranon process and the medial
epicondyle. A positive test is signified by a tingling sensation in
the medial forearm to the hypothenar area of the hand in the
distribution of the ulnar nerve distal to the point of compression.
To test the radial nerve, the provider should tap distal and
anterior to the lateral epicondyle. If the test is positive, the patient
will note a tingling sensation along the course of the radial
nerve from the lateral forearm to the thenar eminence and radial
digits.

Elbow flexion test For this test, the patient holds his or her
elbow in maximal flexion with extension of the wrist and shoulder
abduction for 3 to 5 minutes."® Patients with ulnar nerve compres-
sion may develop a tingling sensation or paresthesias in the
distribution of the ulnar nerve into the forearm and hand.

Wartenberg’s sign The term Wartenberg's sign refers to weak-
ness of fifth finger abduction. The seated patient should rest his or
her hands on the table, and then the provider will passively spread
the patient’s fingers apart. When asked to bring the fingers

Figure 8.15 Positive Froment's sign.

together again, the patient with ulnar nerve entrapment will not
be able to squeeze the little finger together with the rest of the
hand.*®

Froment’s sigh Froment's sign signifies weakness of the dorsal
interosseous and adductor pollicis muscles in patients with ulnar
nerve compression. The provider should ask the patient to
pinch a piece of paper between the first and second metacarpals
(Figure 8.14). If the above muscles are weak, then the patient will
not be able to hold the paper with the first and second metatarsals
held together. Instead, the patient will flex the thumb with the
flexor pollicis longus to hold the paper securely (Figure 8.15).

Pronator teres syndrome test The provider will have the
patient flex the elbow to 90 degrees. While the provider resists,
the patient attempts to pronate and extend the elbow. A patient
with compression of the median nerve by the pronator teres will
develop tingling or paresthesias into the forearm and hand along
the distribution of the median nerve.

Pinch grip test This test may also be referred to as the “O” sign or
the “OK” sign. Patients with anterior interosseous nerve entrap-
ment (a branch of the median nerve) will have difficulty pinching

Figure 8.14 Negative Froment’s sign.

Figure 8.16 Negative pinch grip test.
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Figure 8.17 Positive pinch grip test significant for anterior interosseous
nerve entrapment.

the tips of the index finger and the thumb together'” (Figure 8.16).
When asked to hold the tips of these digits together, the patient will
not be able to keep them together against resistance. They may
instead hold the distal phalanges flat against each other to hold
the pinch (Figure 8.17). This will not be associated with any sen-
sory deficit.
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CHAPTER

Physical Examination of the

Shoulder

Sean T. Mullendore, MD

KEY POINTS

+ Shoulder pain is a very common musculoskeletal complaint in
primary care populations.

+ Almost half of patients who present for the evaluation of
shoulder pain will still have pain 1year later.

+ Neer’s and Hawkins' impingement tests should be performed in
a passive fashion

+ Neck examination should always be included when evaluating
shoulder pain in patients who are more than 35 years of age to
rule out cervical radiculopathy.

+ Afocused shoulder examination should be systematic yet
tailored to the most likely causes of symptoms on the basis of
the clinical presentation.

INTRODUCTION

The shoulder joint (oints, actually) affords the largest range of
motion (ROM) of any joint in the body with a relatively simple
objective: placing the hand in the ideal position to accomplish fine
motor tasks. Sounds simple, right? Unfortunately, the shoulder’s
“simple” task requires the interplay of three separate joints, one
articulation, and more than a dozen muscles, many of which must
function synergistically for proper shoulder motion and function.
Not surprisingly, this complex interaction among muscles, liga-
ments, and joints allows ample opportunity for pathoanatomic
problems that present as shoulder pain.

Physicians who practice primary care and musculoskeletal
medicine will attest that shoulder pain is a common presenting
complaint. The shoulder is the third most common site of muscu-
loskeletal pain in the general population, after the back and the
knee.! Surprisingly, only one third of shoulder pain is associated
with an injury.? The annual incidence of shoulder pain in a general
population ranges from 0.9% in patients between 31 and 35 years
of age to 2.5% in patients between 42 and 46 years of age to 1.6%
for those between 70 and 74 years of age.® Although the incidence
of shoulder pain may not seem too taxing, its point prevalence
in the general population ranged from 7% to 27% among adults
less than 70 years of age to 13.2% to 26% for those more than
70 years of age, with a lifetime prevalence ranging from 7% to
67%. Placing an even greater burden on medical systems than

the sheer number of patients with shoulder pain is the finding
that, after 12 months, only 60% of patients show complete recov-
ery from their pain symptoms.”

ANATOMY

The shoulder joint, as mentioned previously, is actually composed
of three separate synovial joints (glenohumeral, acromioclavicular,
and sternoclavicular) and one articulation between the scapula
and the posterosuperior thorax. Movement through a functional
range at each of these interfaces is facilitated by any number of up
to 16 muscles while being constrained by both static (i.e., liga-
ments) and dynamic (i.e., muscles and tendons) structures along
the way. Let’s look at the anatomy of the shoulder joint complex
more closely from the inside out.

Bones/joints

The bones of the shoulder joint complex are shown in Figure 9.2.
The scapula serves as the base of the shoulder joint complex and
provides points of attachment for several muscles and ligaments as
well as for the glenoid labrum. The humeral head joins the lower
arm and, more importantly, the hand to the scapula at the gleno-
humeral joint through its articulation with the glenoid fossa.
Because the articular surface area of the humeral head is approxi-
mately two to three times that of the glenoid fossa, only a fraction of
the humeral head is in contact with the glenoid at any given time.
This articular surface discrepancy contributes to the inherent
instability of the glenohumeral joint, which is the most frequently
dislocated major joint in the body. Fortunately, the glenoid’s fibro-
cartilaginous labrum decreases the likelihood of glenohumeral dis-
location by increasing the depth of the glenoid fossa and serving as
a chock block, both of which decrease the translation of the hum-
eral head on the glenoid. The acromioclavicular joint (ACJ) con-
nects the acromion of the scapula to the clavicle, which serves as
a strut to support the entire shoulder complex. The final connection
between the bones of the shoulder and the axial skeleton is the
sternoclavicular joint.

Ligaments

There are several ligaments in the shoulder that, if altered
through trauma or degenerative changes, can contribute to the
symptomatic instability of the glenohumeral joint or to painful
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rotator cuff disorders. The glenohumeral ligaments are actually the teres minor have respective points of origin from

thickenings of the joint capsule that form discrete superior,
middle, and inferior ligaments. These serve as the primary static
restraints of anterior glenohumeral translation and, to a lesser
degree, of inferior glenohumeral translation.’

There are also ligaments that arise from the acromion that serve
to stabilize the glenohumeral joint and the ACJ (see Figure 9.1).
The coracohumeral ligament is an inferior stabilizer with the arm in
adduction.® The coracoacromial ligament makes up part of the
“roof” of the shoulder and, if it is thickened as a result of trauma
or degenerative change, it can contribute to rotator cuff disorders
like subacromial impingement.

Muscles/tendons

As already mentioned, there are more than a dozen muscles that
have actions on the shoulder joint complex. To perform a seem-
ingly simple movement like raising your hand, it takes several
muscles working synergistically both at the glenohumeral and
scapulothoracic articulations to produce a fluid, unobstructed
motion. This concerted motion begins with the proper positioning
of the scapula, which is facilitated by the scapular stabilizing
muscles. The trapezius, rhomboids, and levator scapulae all
elevate the scapula, while the first two muscles also retract the
scapula toward the thoracic spinous processes. The serratus
anterior serves to fix the scapula onto the thoracic rib cage as
well as to produce scapular protraction and upward rotation.
These muscles also serve to rotate the angles of the scapula
either up or down.

The rotator cuff complex is perhaps the most frequently symp-
tomatic soft-tissue structure in the shoulder. It consists of a group
of four muscles that assist in the various glenohumeral movements
while at the same time keeping the humeral head seated in the
glenoid fossa. A common acronym for these muscles is SI7S
(supraspinatus, infraspinatus, teres minor, and subscapularis)
(Figure 9.2). The supraspinatus extends from the supraspinatus
fossa of the scapula to the greater tuberosity of the humerus. This
muscle stabilizes the glenohumeral joint by compression while
initiating elevation in the scapular plane. The infraspinatus and

the infraspinatus fossa and the medial border of the scapula, and
both insert on the greater tuberosity of the humerus. Each of these
muscles resists posterior and superior glenohumeral translation
and produces external rotation of the humerus. The subscapularis
originates from the subscapular fossa and sends its tendon
across the anterior aspect of the glenohumeral joint to insert
over the intertubercular groove of the humerus. The subscapularis
stabilizes the glenohumeral joint against anterior and inferior
translation, and it is a strong internal rotator of the humerus.

The non—rotator-cuff scapulohumeral and thoracohumeral
muscles, which I prefer to call “beach muscles,” include the
deltoid, the biceps, the triceps, the latissimus dorsi, and the pec-
toralis major. These muscles are responsible for most of the heavy
lifting that is done with the upper extremity, and they get the most
attention in the weight room. However, without adequately func-
tioning rotator cuff and/or scapular stabilizing muscles, even the
seemingly “strongest” individual may develop shoulder pain from
subacromial impingement or other rotator cuff disorders as a result
of pathologic shoulder biomechanics. These disorders will be
discussed in more detail in Chapter 22.

RANGE OF MOTION

Shoulder range of motion (ROM) testing should be done actively,
and, if it is abnormal, testing should be repeated passively.
Limitations of both active and passive ROM may suggest adhesive
capsulitis and/or glenohumeral arthritis, whereas a rotator cuff dis-
order usually limits only active ROM. The most commonly tested
movements at the shoulder are external and internal rotation as well
as elevation in the plane of the scapula (lying 20 to 30 degrees
anterior to the frontal plane), which is a combination of forward
flexion and abduction (Figure 9.3). The elevation of the arm is
produced by a synchronized combination of glenohumeral and
scapulothoracic motion in approximately a 2-to-1 ratio, and this is
often referred to as scapulobumeral rbythm. By contrast, external/
internal rotation occurs almost exclusively at the glenohumeral
joint. ROM testing can be done with the patient in various positions
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Figure 9.2 Anatomy of the shoulder and rotator cuff, showing anterior (A) and posterior (B) views.

(i.e., supine, seated, or standing), and it can measure pure move-
ments in individual planes or more functional movements in com-
binations of planes (i.e., the “scratch” test). The reproducibility of
ROM measurements between examiners (i.e., interrater reliability)
is notoriously low; however, the intrarater reliability of ROM
measurements is high, regardless of whether the patient is
examined in the seated or supine position (LOE: D)8

Pure range of motion

A “normal” ROM will vary among patients, but most individuals
can forward flex to 180 degrees, extend to 40 degrees, abduct
to 120 degrees (with the palms down) or 180 degrees (with the
palms up), and adduct to 45 degrees. The degrees of external and,
to a lesser degree, internal rotation are dependent on the location
of the arm when it is tested. With the arm at the side, a patient
can externally rotate 40 to 50 degrees and internally rotate
approximately 55 degrees. With the arm abducted 90 degrees,
most subjects can externally rotate up to 80 to 100 degrees.

Functional range of motion

It may also useful to determine a functional ROM using the Apley
“scratch” tests. To determine the amounts of combined internal
rotation and adduction, the patient is asked to reach behind his or
her back and touch the highest point toward the inferior angle of the
opposite scapula (Figure 9.4). Combined external rotation and
abduction is determined by having the patient reach behind his or
her neck and trying to touch the superior angle of the opposite
scapula (see Figure 9.4). Measurements are recorded by the thoracic
spinous process level reached. These measurements are useful for
determining a patient’s ability or inability to perform activities of
daily living, such as combing the hair or fastening a bra.

As mentioned previously, there are more than a dozen muscles
that have actions across the shoulder complex, many of which act
synergistically to produce movements. This makes it nearly impos-
sible to isolate individual muscles on physical examination;

however, it is possible to selectively examine several of the mus-
cles that are most commonly affected by disorders of the shoulder
(e.g., supraspinatus). The strength of the affected extremity should
always be compared with the contralateral (and hopefully asymp-
tomatic) side and graded on a standard 0-to-5 scale. The muscles
most commonly tested are the rotator cuff or the SITS complex
because these are the muscles that are most often affected by
disorders of the shoulder complex. Other muscles may be tested
indirectly through the visualization of active ROM (e.g., scapular
stabilizer weakness may produce asynchronous scapulohumeral
rhythm on shoulder abduction). Let’s look at strength testing for
each rotator cuff component, one by one.

Supraspinatus

The main function of the supraspinatus is to initiate elevation in
the plane of the scapula. To isolate this muscle from the deltoid,
testing should be performed with the arm elevated 80 to 90 degrees
while it is positioned 20 to 30 degrees anterior to the frontal plane.
Traditionally, the supraspinatus is tested with the arm internally
rotated approximately 45 degrees (i.e., the “empty can” position);
however, this position can provoke pain from impingement, which
may confound muscle strength testing. Kelly and colleagues’
showed that performing the test with the arm externally rotated
45 degrees (i.e., the “full can” position) most effectively isolated
the supraspinatus muscle from other synergist muscles while
decreasing the chance of provoking shoulder impingement
(LOE: D). This test is shown in Figure 9.5.

Infraspinatus/teres minor

The infraspinatus and teres minor function together to externally
rotate the humerus. Strength testing of these muscles can be done
with the arm in varying amounts of elevation in a scapular plane
and/or rotation from a neutral position (i.e., 0 degrees of external
rotation). Kelly and colleagues’ found that the best position
from which to test the strength of these muscles is with the arm
at 0 degrees of scapular elevation and 45 degrees of internal
humeral rotation (Figure 9.6). This position provides for minimal
activation/assistance from the posterior deltoid and supraspinatus
muscles (LOE: D).
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Figure 9.3 Shoulder movements. A, Elevation in the plane of the scapula, which lies 20 to 30 degrees anterior to a frontal plane. External rotation (B) and

internal rotation (C) measured at 90 degrees of humeral abduction.

Subscapularis

The subscapularis muscle internally rotates the humerus. To test
the strength of this rotator-cuff component, the subscapularis must
first be isolated from the other internal rotators, namely the pector-
alis major, teres major, and latissimus dorsi muscles. The most
effective way to test the subscapularis in isolation is with the
“lift-off test,” which was first described by Gerber and Krushell*
(LOE: O). The test is performed by having the patient internally
rotate, extend, and adduct the arm to place the dorsum of the
hand over the mid-lumbar spine. The patient is then asked to
lift the hand off of his or her back against the examiner’s

resistance (Figure 9.7). As with the maneuvers described pre-
viously, Kelly and colleagues’ found the lift-off test against resis-
tance to be the most effective way of isolating the subscapularis
muscle from the other internal rotators of the humerus (LOE: D).

PALPATION

After inspecting the shoulder girdle and the surrounding anatomy
for obvious deformity or atrophy, the shoulder complex should be
palpated. Starting and finishing positions are not as important as
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Figure 9.4 Apley “scratch” tests. The Apley scratch tests are measures of functional range of motion combining either internal rotation and adduction (A) or

external rotation and abduction (B).

using a consistent and systematic approach to palpation. I prefer to
begin palpation over the sternoclavicular joint and to proceed
laterally along the clavicle to the ACJ. Any warmth, redness, or
tenderness to palpation should be noted. In one study, ACJ tender-
ness on examination had a sensitivity of 96% for predicting
ACJ-related shoulder pain; however, the corresponding negative
predictive value was only 71%, perhaps as a result of the high

Figure 9.5 Supraspinatus strength testing. With the arm elevated 80 to 90
degrees in the plane of the scapula and externally rotated (i.e., the “full can”
position), the subject resists the examiner’s attempts to push the arm
downward.

prevalence of some degree of ACJ pathology in subjects with
shoulder pain'' (LOE: B). Tenderness or crepitus over the acro-
mion of the scapula may suggest fracture or a symptomatic acces-
sory ossification center (os acromiale). The remainder of the
scapula (the spine, superior and inferior angles) should be
palpated for bony tenderness, as should the thoracic and cervical
spinous processes. Posteriorly, the scapular stabilizers (i.e., the
rhomboids, the trapezius, and the levator scapula) should be
palpated for areas of tenderness or spasm. The subacromial
bursa and rotator-cuff tendons can also be palpated for tenderness.
To facilitate this examination, the examiner places the fingers of
one hand anterior to the anterior margin of the acromion, between
the anterior and medial portions of the deltoid muscle. The
other hand is used to passively bring the subject's arm into
extension, and this is followed by gentle internal and external
rotation. This maneuver brings the rotator cuff tendons beneath
the examiner’s fingers anterior to the acromion. Experienced
examiners may actually be able to appreciate a tear or “rent” in
the rotator-cuff tendon complex. This “rent test,” when performed
properly, was shown in one study to have a diagnostic accuracy of
96% for predicting rotator-cuff tears at arthroscopy'? (LOE: B).

Because the shoulder complex is composed of multiple joints that
are acted on by more than a dozen muscles working synergistically,
it is often difficult for an examiner to determine the specific loca-
tion of a patient’s shoulder pain by history, inspection, palpation,
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Figure 9.6 External rotation strength testing. With the arm at O degrees of
elevation and approximately 45 degrees of internal humeral rotation, the
subject resists the examiner’s attempts to internally rotate the arm.

ROM, and strength testing alone. As a result, numerous special tests
have been developed to pinpoint the pathoanatomic source of
shoulder pain. For example, there have been more than a dozen
special tests described and validated for glenoid labrum tears alone.
The next section will describe some of the most common special
tests for shoulder examination and the levels of evidence for each
of them.

Impingement syndrome tests

Tests for impingement syndrome use various techniques to
pinch or impinge soft-tissue structures (e.g., rotator-cuff tendons,
bursae) between bones or ligaments. Most impingement tests
have decent levels of sensitivity but low specificity because
pain can originate either from the soft-tissue structure being
impinged or the bony or ligamentous structure applying the
impinging force. Below are some examples of impingement syn-
drome tests.

Neer’s impingement sign

The technique for Neer’s impingement sign is shown in Figure 9.8.
The test was originally described as involving the patient being
seated and the examiner standing. The examiner prevents scapular
rotation by securing the patient’s scapula with one hand and then
raising the arm in forced forward elevation. This causes the greater
tuberosity of the humerus to impinge against the acromion of the
scapula, and the test is considered positive if pain is elicited.
Because pain can also be provoked in patients with other
shoulder conditions (e.g., glenohumeral or acromioclavicular

Figure 9.7 Subscapularis strength testing. The subject is asked to place
the dorsum of the hand on the mid-lumbar region of the back and then to lift
the hand off of the back against the examiner’s resistance.

arthritis or frozen shoulder), it may be useful to inject a volume of
1% lidocaine into the subacromial space and to then repeat the test
after 20 to 30 minutes. Pain from subacromial impingement should
be significantly (i.e., 50% or greater) improved, whereas pain from
other causes may not be relieved.

Regarding the sensitivity and specificity of this test, one study
showed a sensitivity of 75% for bursitis and 88% for rotator cuff
abnormalities, with respective specificities of only 48% and 51%."?
This corresponded with positive predictive values (PPVs) of 36%
and 40% and negative predictive values (NPVs) of 83% and 89%,
respectively (LOE: B).

Hawkins' test

The impingement test described by Hawkins and Kennedy was
originally published in 1980,'* and it is shown in Figure 9.9.
This test, like the Neer’s impingement sign, is a passive maneuver.
The examiner forward flexes the subject’s humerus to 90 degrees
and then forcibly internally rotates the shoulder. This maneuver
drives the greater tuberosity of the humerus further under the
coracoacromial ligament, which usually impinges the rotator cuff
and/or biceps tendon in the process. Pain with this maneuver is a
positive test.

An analysis by MacDonald and colleagues'® examined the sen-
sitivity, specificity, and predictive values of the Hawkins’ test as
compared with findings on shoulder arthroscopy. The test yielded
a sensitivity of 92% for bursitis and 88% for rotator-cuff abnormal-
ities, with specificities of 44% and 43%, respectively. The corre-
sponding PPVs were 39% and 37%, and the NPVs were 93.1% and
90% (LOE: B).



Figure 9.8 Neer’s impingement sign. While securing the shoulder girdle
with one hand, the examiner internally rotates and then forward flexes the
subject’s arm. If the greater tuberosity of the humerus impinges against the
acromion of the scapula and produces pain, the test is positive.

Biceps tendinopathy tests

The long head of the biceps tendon travels through the bicipital
groove in the proximal humerus before crossing the superior
aspect of the glenohumeral joint and finally inserting on the super-
ior glenoid labrum. There can be inflammation or degeneration of
the long head of the biceps tendon anywhere from its myotendi-
nous origin to its insertion. Below are two special tests for biceps
tendon pathology.

Speed’s test

Speed’s test is performed by having the patient forward flex the
arm against resistance with the elbow extended and the forearm
supinated. The test is positive if pain is localized in the bicipital
groove, and this suggests pathology of the biceps tendon or the
biceps/labrum complex. In one prospective study of 45 patients
undergoing shoulder arthroscopy, Speed’s test yielded a specificity
of 13.8% and a sensitivity of 90% for biceps tendon inflammation
and/or superior labrum lesions'> (LOE: B). With a PPV of 23% and
an NPV of 83%, it was noted by this study’s authors that Speed’s
test is often “positive with a various number of other pathological
shoulder problems.”

Yergason'’s sign

Also known as the “supination sign,” this test was initially
described in a case report by Yergason in 1931'® (LOE: E). This
test is performed by flexing the patient’s elbow to 90 degrees with
the forearm pronated and then asking the patient to actively
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Figure 9.9 Hawkins’ impingement sign. While securing the shoulder girdle
with one hand, the examiner forward flexes the subject’s arm to 90 degrees
and then forcibly internally rotates the humerus. If the greater tuberosity of
the humerus impinges against the coracoacromial ligament and produces
pain, the test is positive.

supinate his or her forearm against the examiner’s resistance. If
the patient has pain localized to the bicipital groove, the test is
positive, and this suggests biceps tendon pathology. The evidence
basis for Yergason’s sign is scant at best, and many clinicians do
not find it very useful in narrowing down a pathoanatomic cause
of shoulder pain.

Rotator-cuff integrity tests

The following tests are used to determine the integrity of the
rotator-cuff tendon(s). Because the disruption of any of the rotator-
cuff tendons can cause symptoms that mimic those of subacromial
impingement, instability, glenoid labrum tear, or adhesive capsu-
litis, tests of rotator-cuff integrity should be included in all shoulder
examinations.

Lift-of f test

The lift-off test was mentioned previously in the section about
strength testing, and it is shown in Figure 9.7. If the subject is
unable lift the dorsum of his or her hand off of the back, this is
considered a pathologic lift-off test, and it is suggestive of subsca-
pularis rupture. Hertel and colleagues'’ evaluated this test and
found a sensitivity and specificity for subscapularis rupture of
62% and 100%, respectively, with a corresponding PPV of 100%
and an NPV of 69% (LOE: B).

Empty can test

The empty can test, which is also known as jobe’s test or the
supraspinatus test, is used to test the integrity of the supraspinatus
muscle. The subject is asked to elevate the arm 90 degrees in
the plane of the scapula while maintaining maximum internal rota-
tion of the shoulder (i.e., as if emptying a can of soda). The exam-
iner then applies a downward force on the subject’s arm. If the
supraspinatus portion of the rotator cuff is torn, weakness will be
appreciated by the patient either not being able to maintain the
“empty can” position or by having the arm fall away with the
slightest force from the examiner.

In one study by Itoi and colleagues,'® the sensitivity and spe-
cificity of the empty can test using weakness (not pain) as the
determining factor for a positive test were 77% and 68%,
respectively. The corresponding PPV and NPV were 44% and
90% (LOE: B).
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Drop sign

The drop sign is one of several “lag signs,” and it is specific for the
evaluation of the integrity of the infraspinatus tendon. To perform
this test, the examiner holds the patient’s affected arm in 90
degrees of forward flexion in the scapular plane at nearly complete
humeral external rotation, with the elbow flexed to 90 degrees.
The patient is asked to maintain this position, and the examiner
releases the patient’s wrist while still supporting the patient’s
elbow. The test is considered positive if a lag or “drop” toward
internal rotation of more than 5 degrees occurs.

Hertel and colleagues'” found that the sensitivity and specificity
of this test for diagnosing tears of the infraspinatus were 21% and
100%, respectively. These corresponded with a PPV of 100% and
an NPV of 32% (LOE: B).

Acromioclavicular joint tests

The ACJ tests are all designed to create shear force across the joint
and to cause pain if a pathologic condition exists. Pain from the
ACJ will most commonly be located on the to;g) of the shoulder
near the AGJ; however, Gerber and colleagues™ found that, after
injecting the ACJ of volunteers with saline, pain radiated to the
trapezius in 80% of subjects (LOE: C). Some of the more
common tests for ACJ pain are discussed here.

Active compression test

The active compression test was originally described by O’Brien
and colleagues in 1998.%° This test is performed by having the
patient forward flex their arm to 90 degrees and then adduct
it to 10 to 15 degrees. The patient is then asked to resist a down-
ward directed force by the examiner first with the hand pronated
and then with the hand supinated. The test, which is shown in
Figure 9.10, is considered positive if pain that is localized to the
ACJ during the first maneuver is reduced or eliminated during the
second maneuver. In their original article, O’Brien and collea-
gues™ found the test to be 100% sensitive and 97% specific for
ACJ-related pain (LOE: B). However, Chronopoulos and collea-
gues”! found the active compression test to be only 41% sensitive
and 95% specific, with an overall accuracy of 92% (LOE: B).

Figure 9.10 O'Brien’s active compression test. The patient is asked to
forward flex the arm to 90 degrees and then to adduct to 10 to 15 degrees.
The subject is then asked to resist a downward force by the examiner, first
with the hand pronated and then with the hand supinated. The test is
considered positive if pain is elicited during the first maneuver and then
reduced or eliminated during the second maneuver. Pain that localizes to the
top of the shoulder suggests an acromioclavicular joint cause, whereas pain
that localizes deep inside the shoulder joint suggests glenoid labrum
pathology.

Figure 9.11 Acromioclavicular resisted extension test. The subject
forward flexes the arm to 90 degrees, with the elbow flexed to 90 degrees.
The subject then resists the examiner’s attempts to adduct the arm.The test
is positive if pain localizes over the top of the shoulder.

Acromioclavicular resisted extension test

The active compression resisted extension test was originally
described by Jacob and Sallay in 1997.2% This test is performed
by having the patient forward flex his or her arm to 90 degrees
with the elbow flexed to 90 degrees and then resisting the exam-
iner’s attempts to adduct the arm (Figure 9.11). In the study by
Chronopoulos and colleagues,®' the sensitivity of this test was
72%, with a specificity of 85% (LOE: B). In the same study, if the
patient had both a positive active compression resisted extension
test and a positive active compression test, the sensitivity improved
to 81%, and the specificity was 89% (LOE: B).

Glenoid labrum tests

As mentioned previously, the glenoid labrum is a fibrocartilage
structure that serves to enhance the stability of the glenohumeral
joint as well as to be a point of attachment for the long head of
the biceps tendon. When torn, the labrum can cause symptoms
of pain, instability, locking, and catching. The most common loca-
tion of labrum tears is the superior labrum anterior and posterior,
at the origin of the long head of the biceps tendon. Below are
some special tests for superior labrum anterior and posterior
lesions.

Crank test

The crank test was first described by Liu and colleagues in 1996.%
The test is performed with the patient in the upright or supine
position, with the arm elevated to 160 degrees in the scapular
plane. The examiner applies a joint load along the axis of the
humerus and then internally and externally rotates the humerus
(Figure 9.12). Pain during the maneuver with or without a click or
reproduction of the patient’s symptoms is considered a positive
test. The sensitivity of the test was found to be 90%, with a speci-
ficity of 85% for labrum tear. The corresponding PPV was 95%,
with an NPV of 85% (LOE: B).

Active compression test

The active compression test initially validated by O’'Brien and col-
leagues®® was described in the preceding section (see Figure 9.10);
in addition, it is also very useful for the identification of labrum
tears. The difference between a positive test for ACJ pathology
versus that for a labrum tear was the location of the pain: it was
on top of the shoulder for ACJ abnormality and pain, whereas pain-
ful clicking “inside” the shoulder was present for a labrum tear. In
their study group of 318 patients, O’Brien and colleagues yielded a



Figure 9.12 Crank test. After elevating the subject’s arm approximately
160 degrees in the scapular plane, the examiner then internally and
externally rotates the humerus while applying an axial load. Pain during this
maneuver means that the test is positive.

sensitivity of 100% and a specificity of 99% for labrum tears con-
firmed at surgery (LOE: B).

Instability tests
Glenohumeral instability most commonly occurs in the anterior
direction after traumatic glenohumeral dislocation or subluxation.

Figure 9.13 Apprehension test. The examiner abducts the subject’s arm
to 90 degrees with the elbow flexed 90 degrees and then maximally
externally rotates the humerus while applying an anteriorly directed force
on the proximal humerus. The test is positive if the subject feels a sense
of apprehension that the shoulder is about to subluxate or dislocate.

Special tests °

Less frequently, instability occurs in posterior and/or inferior
directions. Tests for glenohumeral instability are often divided
into provocation/relief tests (i.e., tests causing/relieving pain or
discomfort) and laxity tests (i.e., tests measuring the amount of
glenohumeral translation).

Provocation/relief tests

Apprehension test In the apprehension test, the subject’s arm is
placed in the position of vulnerability for anterior glenohumeral
luxation in an attempt to reproduce symptoms of anterior
instability. With the subject either sitting or standing, the examiner
abducts the subject’s arm to 90 degrees with the elbow flexed 90
degrees. The subject’s arm is then maximally externally rotated
while an anteriorly directed force is applied on the proximal
humerus (Figure 9.13). The test is positive if the subject has
pain anteriorly or a sense of apprehension that the shoulder is
about to sublux or dislocate. In a meta-analysis of studies of this
test, Luime and colleagues®® found sensitivities and specificities
ranging from 54% to 88% and from 44% to 100%, respectively
(LOE: B).

Relocation test The relocation test is performed after a
positive apprehension test, and it is shown in Figure 9.14. The
subject’s arm is brought out of maximal external rotation to a point
at which the symptoms are relieved. A posteriorly directed force is
then applied to the proximal humerus while the humerus is
again maximally externally rotated. The test is considered positive
if the subject felt a relief of the sense of apprehension produced
during the apprehension test. In their meta-analysis, Luime
and colleagues® found this test to have a sensitivity and
specificity ranging from 30% to 85% and 58% to 100%, respectively
(LOE: B).

Anterior release or surprise test The anterior release or sur-
prise test is performed from the position of the relocation test, and
it is shown in Figure 9.15. If the subject has a positive relocation
test, the examiner’s hand is quickly removed from the proximal
humerus, and the subject’s response is recorded. If the subject
has a sudden return of the symptoms of the apprehension test,
the anterior release test is considered positive. Luime and
colleagues®® found the sensitivity and specificity of the surprise

Figure 9.14 Relocation test.While the subject is still in the position for
the apprehension test, the subject’s arm is brought out of maximal external
rotation to a point at which the symptoms of apprehension are resolved.

A posteriorly directed force is then applied to the proximal humerus while
the examiner again maximally externally rotates the humerus. A positive
test results when the subject experiences relief from the previous
sensation of apprehension.
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Figure 9.15 Anterior release test. This test is performed after a positive
relocation test. The examiner’s hand is quickly removed from the proximal
humerus, and the subject’s response is recorded. A positive test results
when the subject has a sudden return of anterior apprehension symptoms
(i.e., the feeling that the shoulder is about to subluxate or dislocate).

test to be 85% to 92% and 87% to 89%, respectively (LOE: B). If
subjects had positive responses to all three of the instability tests
described previously, the PPV was 94%, and the NPV was 72%°
(LOE: B).

Laxity tests

Load-and-shift test The load-and-shift test is performed
most effectively with the patient supine and with the scapula
placed on the edge of the examination table. The patient’s
arm is placed in approximately 20 degrees of abduction, 20 degrees
of forward flexion, and neutral rotation. The examiner then
grasps the patient’s arm above the elbow and “loads” the humeral
head into the glenoid. The examiner’s other hand is then placed
on the patient’s proximal humerus, and the humeral head is
translated in anterior and posterior directions. The amount of
laxity is graded as 0 (litle to no movement), 1 (the humeral
head rides up onto the glenoid rim), 2 (the humeral head can
be dislocated but spontaneously relocates), or 3 (the humeral
head is dislocated and cannot be relocated). Unfortunately, with
positive likelihood ratios ranging from 1.7 to 2.5 and negative like-
lihood ratios from 0.59 to 0.99, the load-and-shift test is not very
predictive of glenohumeral instability when it is performed on
patients in the outpatient setting®® (LOE: B). However, when it is
performed with the patient under anesthesia, the positive and
negative likelihood ratios improve to 13 and 0.02, respectively”’
(LOE: B).

Sulcus sign The sulcus sign tests for inferior glenohumeral
instability. With the patient sitting or standing, the examiner
grasps the patient’s arm and pulls inferiorly. The test is positive if
a dimple or sulcus appears beneath the acromion as the humeral
head is translated inferiorly. There are several grading systems for
the sulcus sign that rely on the measurement of the sulcus in cen-
timeters. Tzannes and Murrell*® found a sulcus sign of 2 cm or more
to have a specificity of 97% for multidirectional instability; however,
the corresponding sensitivity was only 28% (LOE: D). TJonk
and colleagues® also found the sulcus sign to be ineffective for
ruling out instability, with a negative likelihood ratio of 0.78
(LOE: B).
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CHAPTER

Physical Examination of the
Cervical and Thoracic Spine

Derek A. Woessner, MD, and Charles W. Webb, DO, FAAFP

KEY POINTS

- Neck and back pain are common and costly clinical problems.

* When evaluating for cervical spine injuries with radiographic
studies, the clinician must ensure that the cervicothoracic
junction is seen (C7-T1).

* When considering cervical fractures and dislocations, the most
important concept is stability.

- The routine cervical series of x-rays consists of five views: the
odontoid view, the lateral view, the posterior-anterior (PA) view,
and two oblique views.

+ In the thoracic spine, a significant amount of force is needed to
cause a fracture.

INTRODUCTION

Neck and upper back pain are common clinical problems that are
encountered by the primary care physician. Approximately 70% of
all individuals will experience neck pain at some point in their
lives." In addition to being a common problem, neck and upper
back pain can be very disabling. This type of pain is similar to low
back pain in that the cause is poorly understood. Upper back and
neck pain have become increasingly important as the costs of
health care become a primary focus of attention. Neck and
spinal disorders can account for approximately $25 billion in
health-care costs annually. The primary focus of this chapter is
to arm the sports medicine physician with the physical examina-
tion practices necessary to limit the costs of evaluating patients
with these problems and to help the provider make the pathoana-
tomic diagnosis necessary to treat and rehabilitate the patient back
to his or her preinjury state.

CERVICAL SPINE

Anatomy

The anatomy of the cervical spine is made up of seven vertebrae
(Figure 10.1). The first two vertebrae, C-1 and C-2, differ con-
siderably from C-3 through C-7. Anatomically, C-1 (which is also
referred to as the atlas) articulates with the occiput of the skull

above and with C-2 (the axis) below. This atlanto-occipital joint
primarily allows for flexion and extension. The axis, or C-2, is
comprised of the odontoid process (also referred as the dens),
and it articulates with the posterior aspect of the anterior arch
of C-1.% This articulation, which is called the atlantoaxial Joint,
is stabilized by the transverse ligament, and it primarily provides
rotation.

Vertebrae C-3 through C-7 are all very similar, and they function as
an interdependent group. These vertebrae allow for varying degrees
of flexion, extension, lateral bending, and rotation. Specifically, flexion
is focused at C-5 and C-6, and extension is focused on C-6 and C-7;
therefore, degenerative changes and spine injuries commonly occur at
these levels. Intervertebral disks are found between each pair of ver-
tebral bodies between C-2 and C-7.

Next, there are eight pairs of cervical spinal nerves that exit
through the intervertebral foramina bilaterally. The spinal nerve
is named for the vertebra above which it exits.® For example,
the C-5 nerve root exits above the C-5 vertebra; therefore, a her-
niated disk at the C4-5 level involves the C-5 nerve root.® The C-8
spinal nerve is the exception because this nerve exits between the
C-7 and T-1 vertebrae.’

The facet joints, which are true synovial joints, are located in
the posterior aspect of the cervical vertebrae. These joints are sub-
ject to degenerative changes that, on cervical extension as well as
with lateral bending and rotation, may produce pain. Hypertrophy
of these joints may affect the surrounding anatomic structures,
including the spinal cord, the nerve roots, and the exiting spinal
nerves.

For the clinician, the muscles of the neck may be divided into
three major groups: anterior (flexion), posterior (extension), and
lateral (lateral bending).” The muscles responsible for flexion are
the sternocleidomastoid, the longus colli, and the longus capitis.
The muscles involved in extension include the splenius, the semi-
spinalis capitis, the semispinalis cervicis, the iliocostalis cervicis,
the longissimus capitis, the longissimus cervicis, the trapezius, and
the interspinales. Lastly, the muscles responsible for lateral bend-
ing are the sternocleidomastoid, the scalene muscles, the splenius,
the longissimus capitis, the longissimus cervicis, the levator scapu-
lae, and the longus colli.

History
Excluding cases of significant trauma, which require imaging
studies to exclude fracture or instability, a detailed history and
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Figure 10.1 Bony anatomy of the cervical spine. (FromThe Hughston
Clinic: Spine, Hughston Health Alert [serial online]: Available at www.
hughston.com/hha/spine.jpg. Accessed April 23, 2007.)

physical examination can be enough to diagnose most clinically
significant conditions involving the neck. As with any other med-
ical examination, the history starts with the patient’s age and the
duration, frequency, and other characteristics of the symptoms.
The patient’s age helps with distinguishing different potential
causes of the pain. For example, patients do not usually present
with arthritis of the cervical spine until after the age of 60 years,
with 85% of those patients with spondylosis presenting at 65 years
of age or more.

With regard to pain duration and frequency, symptoms that
resolve within a few days to a couple of weeks are usually the
result of muscle strains. Ligamentous injury may take as long as
8 weeks for resolution, and disc injuries with radicular symptoms
may take 12 to 24 weeks for recovery. Pain symptoms beyond the
6-month mark often indicate a degenerative process.

Symptom severity and mechanism of injury are other key parts
of the history. If the cause was a motor vehicle accident, what was
the speed of travel and the direction of the collision? If it was a
sports-related injury, was it an axial blow from the front, the back,
or one of the sides? This information will give the investigator clues
as to the potential severity of injury. Traumatic, stretching, or over-
use injuries help distinguish a thoracic outlet-type injury from a
sprain/strain injury pattern.

In addition, as part of the history, the clinician needs to deter-
mine whether the pain experienced by the patient is localized or
radiating. Often, pain that localizes is associated with muscle
strains, ligament sprains, and degenerative processes. By contrast,
pain that radiates into the upper limbs frequently indicates nerve
involvement. The nature of the pain is crucial because tingling or a
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pins-and-needles sensation represents a neurologic injury, poten-
tially of the nerve root (Table 10.1).

Range of motion

First, observe the patient’s posture and general movements (i.e.,
rigid, guarded, general stiffness, or loose and free). From the front
and the back of the patient, observe the overall muscle tone as
well as the muscle bulk, comparing left and right side, and observe
for muscle atrophy. Next, observe the soft tissue. Note the color of
the patient’s skin, and look for any swelling over the cervical spine.
Finally, with the patient in the standing as well as the sitting posi-
tion, observe the posture of the head, neck, thoracic spine, and
upper limbs. To initiate proper medical care, the clinician must
determine whether the patient’s pain is localized to any of the
following areas:

The joints

The muscles

The neural structures

Any combination of the above

Although some authors note the difficulty of accurately
measuring cervical spine mobility as a result of the dearth of land-
marks as well as of the depth of the soft tissue, clinicians rely on
subjective observations.* In the clinical setting, qualitative and
quantitative observations are evaluated for active and passive
neck movements (e.g., flexion, extension, lateral bending, and
lateral rotation).

Flexion/extension

Instruct the patient to touch the chin to the chest and then to look
up at the ceiling. The normal range of motion for flexion is 80 to
90 degrees (two finger widths between the chin and the chest).”
The normal range of motion for extension is limited to 70 degrees
(this corresponds with the plane of the nose and forehead
approaching a horizontal orientation).” The sternocleidomastoid
muscles are the primary flexors; the paravertebral extensor and
trapezius are the primary extensors.’

Lateral bending

Instruct the patient to touch the ear to the ipsilateral shoulder
without raising the shoulder. The normal range of lateral bending
is approximately 20 to 45 degrees; the primary lateral benders are
the scaleni anterior, medial, and posterior.’

Lateral rotation

Instruct the patient to twist the chin toward the right and left. The
normal range of rotation is 60 to 80 degrees; the sternocleidomas-
toid muscles are the primary rotators.® With passive range of
motion, the patient is in the supine position, and the examiner
passively tests flexion, extension, lateral bending, and lateral
rotation. Document the following for each component of the
passive and active ranges of motion: range of movement, pain,
and quality of movement (i.e., clicking, resistance, or muscle
spasms). Patients who are suspected of having acute cervical
injury should not undergo passive range-of-motion testing until
the possibility of fracture has been ruled out.

Flexion/extension

The examiner places his or her hands on either side of the patient’s
head and bends the head forward. As with active flexion, a normal
examination is when the patient’s chin is pushed forward to
the chest. With normal extension, the examiner will be able to
lift the patient’s head backward so that the patient is able to see
the ceiling directly above.’
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Table 10.1 Differential Diagnosis of Neurologic Disorders of the Cervical Spine and Upper Limb

Cervical

Radiculopathy (Nerve Brachial Plexus Lesion Burner (Transient Peripheral Nerve
Root Lesion) Cervical Myelopathy (Plexopathy) Brachial Plexus Lesion) (Upper Limb)

Aim pain in dermatome Hand numbness, head Pain more localized to Temporary pain in No pain

distribution pain, hoarseness, vertigo,

tinnitus, deafness
Extension, rotation and side
flexion may all cause pain

Pain increased by
extension and rotation
or side flexion

Pain may be relieved by
putting hand on head

Arm positions have no
effect on pain

(C5,6)
Sensation (dermatome) Sensation affected,
affected abnormal pattern affected

Gait not affected Wide-based gait drop
attacks, ataxia;
proprioception affected

Altered hand function Loss of hand function

Possible loss of bowel and
bladder control

Spastic paresis (especially
in lower limb early, upper
limb affected later)

DTR' hypoactive Lower limb DTR hyperactive

Negative pathologic Upper limb DTR hyperactive
reflex Positive pathologic reflex reflex

Negative superficial Decreased superficial reflex
reflex

Gait not affected

Atrophy (late sign), hard
to detect early

Bowel and bladder not
affected

Weakness in myotome
but no spasticity

affected

Gait affected

Atrophy Atrophy

shoulder and neck

(sometimes face)
Pain on compression of

brachial plexus

Arm positions have no
effect on pain*

Sensation (dermatome)

Gait not affected

Loss of arm function

Bowel and bladder not

Weakness in myotome
DTR hypoactive

Negative pathologic
Negative superficial reflex

Gait not affected

dermatome

Pain on compression or
stretch of brachial
plexus

Arm positions have no
effect on pain*

No pain early; if
contracture occurs
(late), pain on stretching

Arm positions have no
effect on pain®

Sensation (dermatome)
affected

Gait not affected

Peripheral nerve sensation
affected

Gait not affected

Loss of function of
muscles supplied by
nerve

Loss of function
temporary

Bowel and bladder not Bowel and bladder not

affected affected
Temporary weakness in Weakness of muscles
myotome supplied by nerve

DTR not affected DTR may be decreased

Negative pathologic Negative pathologic
reflex reflex

Negative superficial reflex Negative superficial reflex

Gait not affected

Atrophy (not usually with
neuropraxia)

Gait not affected
Atrophy possible

*Except in neurotension test positions.
"Deep tendon reflexes (DTR).

From Magee DJ: Orthopedic Physical Assessment, 4th ed. Philadelphia, WB Saunders, 2002, p 129, Table 3-3.

Lateral bending

From the neutral position, the examiner bends the patient’s head
laterally toward the shoulder; the normal range of lateral bending
is approximately 20 to 45 degrees.’

Lateral rotation

Again, from the neutral position, the examiner turns the patient’s
head in a side-to-side manner (i.e., the “no” motion) (Figure 10.2).
In a patient with normal lateral rotation, the head may be turned
such that the patient’s chin is virtually in line with the shoulders.?

Strength testing

To evaluate for strength and nerve root involvement, several man-
euvers may be employed (Table 10.2). To evaluate C-5 and C-6
nerve roots, use the following:

Arm abduction (to test the deltoid muscle)

Arm external rotation (to test the infraspinatus muscle)
Elbow flexion (to test the biceps muscle)

Wrist extension (to test the extensor carpi radialis)

Elbow extension evaluates the triceps muscle (which primarily
assesses C-7, with some C-6 and C-8 involvement). Thumb extension

and ulnar deviation of the wrist are the movements of the C-8 nerve
root. Lastly, by abducting the fingers, the T-1 nerve root may be
assessed.”

Palpation

During the assessment of flexion and extension, the spinous
processes and the interspinous ligaments from C-2 through T-1
can be palpated. The C-2 spinous process is palpated on the mid-
line below the occiput. With slight flexion and extension of the
cervical spine, the C3, C4, and C5 spinous processes may
be palpated. Because C-4 has the shortest spinous process and
is level with the angle of the jaw, the transverse process is more
readily palpated. Both the spinous and transverse processes of
C-6 are easily palpated. The C-7 and T-1 spinous processes
are readily accessible and may be confused with one another.
When the patient extends his or her neck, the examiner palpates
what is thought to be the spinous process of C-7. If C-7 is being
palpated, anterior movement will be noted. If T1 is being pal-
pated, a minimal amount of movement is noted. To palpate the
facet articulations, the examiner moves approximately 2 cm to
either side of the spinous process. Next, the examiner should
palpate the surrounding muscles and soft tissues of the neck and
shoulder girdle. Specifically, the upper trapezius and paraspinal
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Figure 10.2 Position to test myotomes. A, Neck flexion (C1, C2). B, Neck side flexion to the left (C3). C, Shoulder elevation (C4). D, Shoulder abduction (C5).
E, Elbow flexion (C6). F, Wrist extension (C6). G, Elbow extension (C7). H, Wrist flexion (C7)./, Thumb extension (C8). J, Finger abduction (T1). (From Magee DJ:
Orthopedic Physical Assessment, 4th ed. Philadelphia, WB Saunders, 2002, pp 142-143.)

muscles should be palpated for spasms, trigger points, and
deformities.

Special tests

Hoffman’s sign

Hoffman’s sign tests for upper motor neuron lesions above lower
cervical spinal cord levels. When flicking the tip of the middle
finger with the hand in a relaxed neutral position, the examiner

Table 10.2 Cervical Nerve Root Testing

will note a positive finding with the flexion of the thumb and index
finger together in a pincer motion (Figure 10.3).

Spurling’s sign

Spurling’s sign involves pain radiating to the upper extremities
after applying gentle, firm pressure to the patient’s head with the
head rotated and extended (Figure 10.4). This is often used to
diagnose radicular pain syndrome. The sensitivity of Spurling’s
sign is 0.30 to 0.50, with a specificity of 0.74 to 0.93”% (LOE: D).

Nerve Root Reflex Myotome Sensation Nerve

5] Biceps Shoulder abduction Lateral deltoid Axillary

C6 Brachioradialis Elbow flexion and/or wrist First web space Musculocutaneous
extension

Cc7 Triceps Elbow extension and/or wrist Dorsal middle finger
extension

Cc8 N/A Thumb extension and/or ulnar Ring finger Medial antibrachial
deviation cutaneous

Tl N/A Axilla Medial brachial

cutaneous
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Figure 10.3 Hoffman'’s sign. The patient’s hand is in a relaxed, neutral
position, and the examiner flicks the middle finger. If this causes pinching of
the thumb and middle finger, it is considered a positive test for an upper
motor neuron lesion.

Abduction relief sign (Bakody'’s sign)

When disc protrusion is suspected as the cause of radicular pain,
Bakody’s sign is performed by having the patient place the hand of
the affected upper extremity on the head. Arm abduction reduces
symptoms by taking stretching pressures off of the affected nerve
root. In a case series by Viikari-Juntura and colleagues,”’ this man-
euver was discovered to have a sensitivity of 0.31 to 0.42 and a
specificity of 1.0 (LOE: D) (Figure 10.5).

Bikele's sign

Bikele’s sign occurs when a sitting patient is asked to raise the
involved arm laterally into a horizontal, slightly backward position
and to flex the elbow while laterally flexing the neck to the
opposite side. If these motions reproduce radicular symptoms,
then nerve-root inflammation is likely. The patient then actively
extends the elbow. If this causes the radicular symptoms, then
the stretching of the brachial plexus is instead the likely culprit
(Figures 10.6 and 10.7).

Lhermitte’s sign
Lhermitte’s sign demonstrates a spinal or cervical myelopathy.
With the patient sitting on the table, the examiner simultaneously

Figure 10.4 For Spurling’s sign, the examiner applies gentle, firm pressure
to patient’s head with the head rotated and extended. Pain radiating to the
upper extremity indicates radiculopathy.

Figure 10.5 Disc protrusion causing radicular pain can be tested with the
abduction relief sign. The patient places the hand of the affected upper
extremity on his or her head. With arm abduction, symptoms are reduced by
taking stretching pressures off of the affected nerve root.

Figure 10.6 Bikele's sign tests for nerve root inflammation. The sitting
patient is asked to raise the involved arm laterally to a horizontal, slightly
backward position.

Figure 10.7 In the second part of Bikele's sign, the patient is asked to flex
the elbow while laterally flexing the neck to the opposite side. Active
extension of the elbow, which causes the brachial plexus to stretch, produces
resistance and increased cervicothoracic radicular pain.



Figure 10.8 Lhermitte’s sign indicates irritation of the spinal dura mater by
a protruding cervical disc, a tumor, a fracture, or multiple sclerosis. With the
patient seated, flexing of the patient’s neck and hips simultaneously with the
patient’s knees extended may produce sharp pain that radiates down the
spine and into the upper or lower extremities.

passively hyperflexes the patient’s cervical spine and then flexes
one of the patient’s hips. If sharp pain is elicited down the spine or
into the extremities, a myelopathy may be present. Testing for
Lhermitte’s sign is indicated when irritation of the spinal dura
mater by a protruding cervical disc, a tumor, a fracture, or multiple
sclerosis is considered in the differential diagnosis (Figure 10.8).

Soto—Hall test

The Soto—Hall test is employed when a fracture of a vertebra is
suspected. The patient is placed in a supine position without a
pillow. One of the examiner’s hands is placed on the patient’s
sternum, and mild pressure is exerted to prevent flexion at either
the lumbar or the thoracic regions of the spine. The examiner’s
other hand is placed under the patient’s occiput, and the head is
slowly flexed toward the chest. Flexion of the head and neck
toward the chest produces a pull on the posterior spinal ligaments
from above. A positive result is recorded when acute, localized
pain is experienced by the patient (Figure 10.9).

Hautant’s test

Hautant’s test is performed to identify insufficient blood flow
through one or both vertebral arteries. The seated patient elevates
both upper extremities in the anterior plane with the shoulders
flexed to 90 degrees, the elbows extended, and the hands supinated.

Figure 10.9 The Soto—Hall test.
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Figure 10.10 Hautant’s test identifies insufficient blood flow through one
or both vertebral arteries. The test is positive when the patient’s hand
pronates and/or shoulder flexion is difficult to maintain. (From Magee DJ:
Orthopedic Physical Assessment, 4th ed. Philadelphia, WB Saunders, 2002,
p 155.)

The patient is then instructed to rotate and extend the neck and head
to one side and to close the eyes. This position is held for 15 to
30 seconds. A positive test is noted when the patient’s hand(s) pro-
nate and/or shoulder flexion is difficult to maintain (Figure 10.10).

Sharp—Purser test

The Sharp—Purser test evaluates the sagittal stability of the
atlantoaxial segment. The patient is asked to flex the head and
relate to the examiner any signs or symptoms that this might
evoke (Figure 10.11). With the head semiflexed, the patient’s
forehead is supported by the examiner’s palm. The index finger
of the examiner’s other hand is placed on the spinous process of
the axis. Posteriorly directed pressure is applied to the forehead. If
cardinal symptoms are provoked or the examiner palpates a slid-
ing of the head in relation to the axis, the tentative assumption is
made that they are caused by atlantoaxial instability. In patients
with rheumatoid arthritis patients, this test was found to have a
sensitivity of 0.69 and a specificity of 0.96'? (LOE: D).

Radiographic testing

Cervical spine injuries are common for those participating in ath-
letic events, from the “weekend warrior” to the well-conditioned
athlete (10% of the 10,000 cervical spine injuries that occur
annually in the United States are in individuals participating in
athletic activities).6 However, although the cervical injuries that
result from participation in sports usually are self-limited, there
still exist rare but catastrophic cervical spine injuries (e.g., quad-
riplegia). Therefore, guidelines have been created to assist medical
providers with determining risk stratification for athletes after

Figure 10.11

In the Sharp—Purser test, the sagittal stability of the
atlantoaxial segment is assessed. The patient is asked to flex the head and
relate to the examiner any signs or symptoms that this might evoke.
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Table 10.3 Cervical Spine Injuries with No
Contraindications for Sports Participation

Table 10.5 Cervical Spine Injuries with Absolute
Contraindications for Sports Participation

Spina bifida occulta

Type 2 Klippel—Feil anomaly with no evidence of spinal instability

Developmental stenosis of the spinal canal (i.e., a canal—vertebral body
ratio of less than 0.8)

A healed intervertebral disc bulge

Asymptomatic cervical disc herniations treated conservatively in the past

A stable, one-level, anterior or posterior fusion at C-3 or below (only if the
individual is neurologically normal, is free of pain, and has a normal
range of cervical motion)

cervical spine injuries(’ (Tables 10.3, 10.4, and 10.5). In addition,
although abnormalities are often seen in asymptomatic patients,
the confirmation of an intraspinal process requires radiographic
imaging. The routine cervical series of x-rays consists of five
views: the odontoid view, the lateral view, the PA view, and two
oblique views.? Although the choice of test varies with the clinical
features of the patient (Tables 10.6 and 10.7), the following
general guidelines may be considered.

Odontoid views are appropriate in patients with acute trauma.
With this view, the examiner is looking for an atlantoaxial articula-
tion injury. (Figure 10.12). Specifically, the examiner is evaluating
for a fracture of the dens, the body of C-2, and C-1:C-2 dislocation.
The lateral view will allow the clinician to evaluate vertebral
alignment, and it may be used to screen for osteoarthritis (facet
and paravertebral joints), disk-space narrowing (osteoarthritis
or radiculopathy), or bony pathology (compression fracture)
(Figure 10.13). Oblique views are primarily used to determine
the extent of foraminal encroachment. When the oblique views
do not disclose narrowing of the foramina and there is high clinical
suspicion, computed tomography scanning or magnetic resonance
imaging should be obtained to evaluate for a herniated disk. Finally,
computed tomography scanning or magnetic resonance imaging is
indicated with the presence of objective neurologic impairment
(weakness and/or reflex loss), persistent symptoms despite conser-
vative care, evidence of cervical myelopathy, or plain films that are
negative but physical findings that are suspicious for fracture.

THORACIC SPINE

Anatomy

The thoracic spine consists of twelve vertebral bodies, each of which
articulates with the ribs. The first four thoracic segments, which are
at the cephalic end of the spine, are similar to the lower cervical
segments. Although the middle four vertebral bodies have thoracic

Table 10.4 Cervical Spine Injuries with Relative
Contraindications for Sports Participation

No clear evidence of an increase in the risk for serious injury, but sequelae
may include recurrent injury or temporary noncatastrophic injury (The
player, the coach, and the parents must understand that there is some
risk and agree to assume it.)

Developmental canal stenosis with one episode of cervical cord
neuropraxia, the presence of intervertebral disc disease, or evidence of
cord compression

Ligamentous sprain with mild laxity (less than 3.5 mm of anteroposterior
displacement and 11 degrees of rotation)

Healed intervertebral disc herniation

Stable anterior or posterior fusion of two levels (if the individual is
neurologically normal, is asymptomatic, and has full, painless cervical
motion)

Odontoid agenesis, hypoplasia, or os odontoideum; atlanto-occipital fusion

Type 1 Klippel—Feil mass fusion

Developmental canal stenosis with ligamentous instability, cervical cord
neuropraxia with signs or symptoms lasting more than 36 hours, or
multiple episodes of cervical cord neuropraxia

Atlantoaxial instability or atlantoaxial rotatory fixation

Spear-tackler's spine

Ligamentous laxity (more than 3.5 mm of anteroposterior displacement or
11 degrees of rotation)

Intervertebral disc herniation with neurologic signs or symptoms, pain, or
limitations of cervical range of motion

Anterior or posterior fusion of more than three levels

appearance, the last four have more of a lumbar configuration.
From T-1 to T-12, the thoracic segments increase in size. The thor-
acic spine has a convex shape posteriorly, which is described as
kyphosis. At C-7 and T-1 (the cervicothoracic juncture), the mobile
cervical spine is linked to the less-mobile thoracic spine.

The first thing to note from the back, sides, and front of the patient
is any obvious abnormality (observe the patient standing as well as
sitting). Next, examine the skin for scars, sinuses, or color change
and the soft tissues for swelling or warmth. Extending from the base
of the occiput to T-12, the examiner will find the trapezius muscle.
Next, located between the spinous processes of the upper thoracic
spine and the medial border of the scapula, are the scapulae and the
rhomboideus minor and major. Located in the middle to lower thor-
acic spine is the latissimus dorsi (a large superficial muscle that
extends into the lumbar region). Finally, observe the erector
spinae muscles (comprised of the spinalis, longissimus, and iliocos-
talis muscles) on either side of the spine. Specifically, note any spasm
that may cause abnormal spinal curvature.

Range of motion

Although movements in the thoracic spine are relatively limited as
compared with those of the cervical spine, flexion, extension,
lateral bending (side bending), and lateral rotation can still be
evaluated during passive and active range of motion. The main
movements of the thoracic spine are as follows.

Flexion/extension

Instruct the patient to stand with the knees and the feet together.
The patient should gently bend first forward and then backward.
Normal forward flexion is between 20 to 45 degrees, and normal
extension is between 25 to 45 degrees. An alternative method of
assessing the degree of forward flexion is to measure (with the
patient in the standing position) the length of the spine from
the C-7 spinous process to the T-12 spinous process.” The patient
bends forward, and the spine is measured again (from the C-7
spinous process to the T-12 spinous process); a 2.7-cm difference
in the tape measure length is considered normal.”

While flexing and extending the patient’s head, the examiner
may palpate over and between the spinous processes of the lower
cervical spine and the upper thoracic spine. (C-5 to T-3).> During
this maneuver, the examiner notes any movement between the
spinous processes.

Lateral flexion (side bending)

Instruct the patient to bend first to one side and then to the
other. Ensure that the arms are kept close to the body as the
patient attempts to touch the lateral side of the knee with
the outstretched fingers (first on one side and then on the
other side). Bending should be lateral rather than forward.



Table 10.6 Cervical-Spine—SpecificTesting
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Name

Indication

Test

Finding

Figure

Hoffman’s sign

Spurling’s sign

Abduction relief
sign

Bikele’s sign

Lhermitte’s sign

Soto—Hall test

Hautant’s test

Sharp—Purser
test

Thoracic outlet
syndrome

To test for an upper
motor neuron lesion
above lower cervical
spinal cord levels

To diagnose radicular
pain syndrome

To test for a disc
protrusion causing
radicular pain

To test for nerve root
inflammation

To test for irritation of
the spinal dura mater
by a protruding
cervical disc, a tumor,
a fracture, or multiple
sclerosis

To test for a fracture of
a vertebra

To identify insufficient
blood flow through
one or both vertebral
arteries

To test sagittal stability
of the atlantoaxial
segment

To test for symptoms
that are consistent
with this syndrome

Flick the tip of the patient’s middle finger
with the hand in a relaxed, neutral
position.

Apply gentle, firm pressure to the patient’s
head with the head rotated and extended.

The patient places the hand of the affected
upper extremity on the head.

A sitting patient is asked to raise the
involved arm laterally to a horizontal,
slightly backward position and to flex the
elbow while laterally flexing the neck to the
opposite side.

With the patient seated, the patient’s neck
and hips are flexed simultaneously with
the patient’s knees extended.

The patient is placed supine without pillows.
One hand of the examiner is placed on the
sternum of the patient, and mild pressure
is exerted to prevent flexion at either the
lumbar or the thoracic regions of the
spine. The other hand of the examiner is
placed under the patient’s occiput, and the
head is slowly flexed toward the chest.
Flexion of the head and neck toward the
chest produces a pull on the posterior
spinal ligaments from above.

The seated patient elevates both upper
extremities in the anterior plane with the
shoulders flexed by 90 degrees, the
elbows extended, and the hands
supinated. The patient is then instructed to
rotate and extend the neck and head to
one side and to close the eyes. This
position is held for 15 to 30 seconds.

The patient is asked to flex the head and to
relate to the examiner any signs or
symptoms that this might evoke.

For the elevated arm stress test, the patient
sits with the arms abducted 90 degrees
from the thorax and the elbows flexed
90 degrees.

A positive finding is flexion of the
thumb and index finger together
in a pincer motion.

Pain radiating to the upper
extremity indicates
radiculopathy.

Arm abduction reduces symptoms
by taking stretching tension off
of the affected nerve root.

Active extension of the elbow,
which causes the brachial
plexus to stretch, produces
resistance and increased
cervicothoracic radicular pain.

This may produce sharp pain that
radiates down the spine and
into the upper or lower
extremities.

Acute local pain is experienced
by the patient.

The test is positive when the
patient’s hand pronates and/or
shoulder flexion is difficult to
maintain.

If cardinal symptoms are
provoked, the tentative
assumption is made that they
are caused by excessive
translation of the atlas.

Patients with thoracic outlet
syndrome cannot continue this
test for 3 minutes because of
the reproduction of symptoms.

10.3

10.4

10.5

10.6 and 10.7

10.8

10.9

10.10

10.11

10.14

Normal side flexion is between 20 to 40 degrees. Alternatively, the
examiner can use a tape measure to determine the distance from the
patient’s fingertips to the floor (comparing the left and right sides).”

As the patient is flexing laterally and rotating, the examiner
positions the middle finger over the spinous process and the
index finger as well as ring finger on either side of the spinous
process (i.e., the index finger and the ring finger are located
between the spinous process of the vertebra being examined
and the two abutting vertebra).” With this maneuver, the examiner
notes any abnormal movement (e.g., hypermobility versus
hypomobility) of C-5 to T-3.”

Rotation

Instruct the patient to cross the arms in front of the body and then
to rotate to the right and left. Normal rotation for the thoracic spine
is 35 to 50 degrees.’

Forward flexion/extension/lateral flexion/rotation
(T-3toT-11)

With the patient seated with the fingers intertwined behind the
neck and the elbows together, the examiner positions one hand
and arm around the patient’s elbow and palpates over and
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Table 10.7 Cervical Spine Indications for Diagnostic Testing

Indication

Diagnostic Test

Initial evaluation of patients with cervical disorders
Cervical trauma

Assessing stability of spine (nontrauma situation)/screening for
abnormalities

Presence of severe degenerative changes, severe end plate osteophytes
Bony abnormalities of the cervical spine
Persistent neurologic symptoms, cervical radicular syndromes

Suspected neurophysiologic impairment of the peripheral nerves, nerve
roots, and spinal cord; conflicting diagnoses

Inability to visualize lower cervical spine

between the spinous processes.” To forward flex and extend the
spine, the examiner lifts and lowers the patient’s elbows.” Finally,
with the same hand and arm position, the examiner can laterally
flex and rotate the patient. Throughout these movements, the
examiner is noting any abnormal movement (e.g., hypermobility
versus hypomobility).”

Palpation

The vertebral spinous processes and interspinal ligaments should
be carefully palpated for tenderness, gaps, and step offs, and they
should also be percussed gently. Percussion allows the clinician to
determine the location, size, and density of the underlying verte-
bral body. In addition, the muscles on each side of the spine
should be palpated for spasm, trigger points, and defects.
Finally, the spine should be palpated for any swelling.

Special tests

Because the thoracic spine is stabilized by the anterior and poster-
ior ligaments, the costotransverse ligaments, and articulation with
the spine and manubrium, a significant amount of force is needed
to cause a fracture.'’ In addition, because there is little rotation in
the thoracic spine as a result of rib support, most injuries occur in
flexion and axial loading. Because thoracic spine injuries are
difficult to detect on chest radiographs, dedicated thoracic spine
radiographs should be obtained. Three types of fractures occur in
the thoracic spine:

Occipital condyle
/Atlanta-occipital joint
Odontoid process

Joint space between
C1and C2

C2 superior articular
process

Spinous process of C2

Figure 10.12 A through-the-mouth radiograph. (From Magee DJ:
Orthopedic Physical Assessment, 4th ed. Philadelphia, WB Saunders, 2002,
p173)

Anteroposterior, lateral, odontoid, and oblique views

Cross-table lateral plain radiograph (must visualize C7-T1 disc space);
“trauma” series of anteroposterior, open mouth odontoid, oblique, and
controlled flexion and extension lateral views

Anteroposterior, flexion, neutral, and extension lateral radiographs

Computed tomography myelogram
Computed tomography scan with bone window settings
Computed tomography myelogram or magnetic resonance imaging

Electrodiagnostic test (e.g., nerve conduction studies or
electromyography)

Swimmer's view or computed tomography scan

1. Wedge compression: This involves the anterior two thirds of
the vertebral body, and it is considered stable.

2. Sagittal slice: This consists of an anterior fracture/dislocation
with compression of the vertebral body below. This is
unstable, and it is frequently associated with neurologic
damage.

3. Posterior dislocation: This is a high-energy, unstable injury.

Physiologic wedging and Scheuermann’s disease may mimic
vertebral fractures in the thoracic spine. Physiologic wedging

Osteophyte

Figure 10.13 Lateral radiograph of the cervical spine. A, A normal curve
showing osteophytic lipping. B, The cervical spine in flexion. C,The cervical
spine in extension. (From Magee DJ: Orthopedic Physical Assessment, 4th
ed. Philadelphia, WB Saunders, 2002, p 171.)



Figure 10.14 The Roos test.

occurs in the lower thoracic spine between T-8 and T-12.
Scheuermann’s disease involves the abnormal growth of cartilage
with a weakening of the vertebral end plates. Currently, computed
tomography scanning is the most effective method for examining
the extent of the bony injury in the spine, and magnetic resonance
imaging is the imaging modality of choice for patients with a neu-
rologic deficit.

Kyphosis represents spinal deformity with anteroposterior
angulation, and scoliosis represents lateral displacement or curva-
ture of the spine. However, both of these may cause severe rib
distortion. The severity of these two conditions is defined by the
measurement of the Cobb angle of curvature, which is formed by
the limbs of the convex primary curvature. The Cobb angle is
defined by the relationship between two lines that are drawn par-
allel to the top and bottom of the vertebral bodies at the beginning
and end of the curve. A scoliotic curve exists when this angle
measures at least 10 degrees. Curves are considered significant
they are if greater than 25 to 30 degrees; curves in excess of 45

]

Figure 10.15 The Adson maneuver. (From Magee DJ: Orthopedic Physical
Assessment, 4th ed. Philadelphia, WB Saunders, 2002, p 288.)
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to 50 degrees are considered severe, and they often require more
aggressive treatment.

The term thoracic outlet syndromerefers to the symptoms that are
associated with the compression of the blood vessels and nerves,
which pass from the neck and thorax to the arm in the space between
the rib cage and the clavicle. Patients may experience pain in the
shoulder, arm, or hand. In addition, patients may develop paresthe-
sias, loss of dexterity, cold intolerance, and headache. The elevated
arm stress test or Roos’ test may be used to evaluate for thoracic outlet
syndrome (Figure 10.14). To perform this test, the patient sits with
the arms abducted 90 degrees from the thorax and the elbows flexed
90 degrees (see Table 10.7). The patient then opens and closes the
hands for 3 minutes. Patients with thoracic outlet syndrome cannot
continue this for 3 minutes because of the reproduction of symptoms.
Next, Adson’s test is used to test for the impingement of vascular
structures at the thoracic outlet. (Figure 10.15). During this test,
the patient’s arm is gradually elevated in an abduction arc while the
examiner’s fingers are held on the patient’s radial pulse. As the arm is
externally rotated and extended, the patient rotates and extends the
head toward the arm being tested. The syndrome is often seen in
patients who engage in repetitive motions that place the shoulder
at the extreme of abduction and external rotation (e.g., athletes
who participate in sports such as swimming, water polo, baseball,
and tennis).
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CHAPTER

Physical Examination
of the Lumbar Spine

Philip Ham, DO, and James D. Leiber, DO

KEY POINTS

+ Low back pain is extremely common.

+ The most consistent predictor of back injury is a history of back
injury.

+ Musculoligamentous sprains and strains are the most common
causes of low back pain.

+ Alarm symptoms can predict a life-threatening situation.

+ The most important test is the straight leg raise.

INTRODUCTION

Low back pain (LBP) is an extremely common condition with
major economic significance. Y1t is second only to the common
cold as a cause for primary office visits, with an incidence at 5%
annually.> Approximately 80% of the general population will
have LBP at least once during their lifetime. It occurs in roughly
25% of the working population each year, and 14% of adults
experience LBP that lasts for more than 2 weeks each year.' It is
the fifth leading reason for medical office visits in the United States,
and it is the leading cause of work-related disability. D1rect
medical costs as a result of LBP exceed $25 billion per year.

Approximately 75% of workers’ compensation payments go to
patients with LBP.>*

LBP occurs most frequently in patients who are between 20
and 40 years of age, but it is more severe among older patients.
High-risk jobs for this condition include miscellaneous labor, gar-
bage collection, warehouse work, and nursing: basically, any job
with extensive lifting, twisting, bending, or reaching. Studies show
no strong association between LBP and sex, height, weight, or
physical fitness."

Participation in some leisure sports and attaining a good level of
physical and aerobic fitness may be protective against LBP. In
athletes, regardless of the sport, musculoligamentous sprains and
strains are the most common cause of LBP.> However, skeletally
immature athletes are also at a greater risk for occult fractures,
spondylolysis, spondylolisthesis, scoliosis, tumors, and infections.®
Younger athletes who participate in sports that require repetitive
hyperextension maneuvers such as gymnastics, diving, figure

skating, wrestling, and football may be at higher risk for the
development of spondylolysis.”®

Acute to chronic low back pain

Prognostic factors to help identify the subgroup of patients
that is more likely to transition from acute to chronic LBP have
been investigated. Some genetic information regarding pre-
disposition to the development of lumbar disc disease is emerging,
but much more study is required before it becomes clinically
useful.” A systematic review of psychological risk factors for
the development of chronic back pain showed a clear link with
the transition from acute to chronic pain disability. Psychosocial
variables generally have a greater impact than biomedical or
biomechanical factors on back pain disability. Specific attitudes,
cognitive styles, and fear-avoidance beliefs all have strong
evidence for predicting this transition'® (LOE: B). However, this
has not been investigated fully in athletes. In addition, it is
difficult to extrapolate from general workforce data in this
regard because athletes may actually have a disincentive to
report their pain as a result of the risk of losing playing
time, monetary compensation, or scholarship opportunities.®'!
One study found no relationship of psychosocial factors (limited
to satisfaction with coach or teammates) to the onset of
LBP'"? (LOE: B).

Risks

The preparticipation evaluation is used to identify athletes who
are at risk of injury. Ideally, after these individuals have been
identified, appropriate interventions can be made to decrease
the likelihood of injury. The most consistent predictor of back
injury appears to be a history of low back injury. Greene and
colleagues'® performed a prospective cohort study of 679 varsity
athletes who were surveyed at a 1-year follow-up period; of these,
6.8% sustained a low back injury, and there was no difference in
incidence between athletes involved in contact sports and those
involved in noncontact sports. Of these athletes, those with a
history of low back injury were three times more likely to sustain
such an injury15 (LOE: B).

Many other potential risk factors have been investigated. For
example, smoking during adolescence seems to be a risk factor for
the development of LBP.'* However, a large population-based
study of adolescent and adult monozygotic twins showed that
the relationship was probably not causal'* (LOE: B).



Figure 11.1 Ferguson’'s angle.

ANATOMY

A working knowledge of the lower back anatomy and
biomechanics is a valuable tool when investigating LBP. There
are five lumbar vertebrae that are distinguishable by their
quadrangular spinous processes. They form a lordotic angle
called Ferguson’s angle (Figure 11.1), which averages 41 to
43 degrees. Their main motion is flexion and extension, along
with minimal side bending. The large cross-sectional area of
the lumbar vertebrae is built to sustain longitudinal loads
(Figure 11.2). Nerve roots in the lumbar spine exit the inter-
vertebral foramen below the corresponding segment but above
the intervertebral disc, which is important when disc herniation
is being considered (Figure 11.3). The first vertebra is named
L1, and subsequent vertebrae follow in order. An individual ver-
tebral unit consists of two vertebrae that sandwich a disk; the first
vertebra names the unit. An important landmark to consider is the
L4-L5 intervertebral disk, which is at the level of the iliac crest. As
an example, the L4 vertebral unit would consist of 14, the
intervertebral disk, and L5, and this can be further divided coron-
ally into three elements (anterior, middle, and posterior). This
anatomic division can be helpful when addressing the cause of a
patient’s back pain."®

Vertebral body

Pedicle

Transverse process Vertebral foramen

Superior
articular process

Spinous process

Figure 11.2 Lumbar vertebrae.

Anatomy @

L3

L3-dorsal
root ganglion

L4-nerve root

Pedicle

Figure 11.3 Nerve roots exit below the corresponding segment.

Vertebral anterior element

The major component of the anterior element is the vertebral
body, which is wider transversely than it is in the anteroposterior
dimension (Figure 11.4). It is also higher in the front than in the
back, which creates a posterior facing wedge that helps maintain
lumbar lordosis. The vertebral body is supported anteriorly by the
anterior longitudinal ligament, which prevents hyperextension. It
is further supported posteriorly by the posterior longitudinal
ligament, which helps prevent hyperflexion (along with other liga-
ments and fascial attachments).'® The intervertebral disk is
composed of a central nucleus pulposus that consists of a colloidal
gel that is approximately 80% water."” It is surrounded by the
annulus fibrosus, which is a fibrous capsule that contains fibers
that are arranged obliquely and that alternate in opposite direc-
tions for each layer, thus offering resistance to torsional stresses. '
Because it is thinner posteriorly than anteriorly (most pronounced
at L5-S1), disks preferentially herniate in this direction." This
disk will lose water within a few minutes when a compressive
load is applied, but the water is typically restored when the
load is removed. Therefore, with aging, the disk’s capacity as a
shock absorber is reduced as it loses resilience to return to its
full height."

The anterior element can be the source of pain from compres-
sion fractures of the vertebral body, disk herniations that result
in pressure on the thecal sac, annulus fibrosus tears, infection
(e.g., osteomyelitis or diskitis), or vascular causes (e.g., abdominal
aneurysms)." >

Vertebral middle element

The middle element consists of the spinal canal, the meninges, the
spinal cord, and the nerves. These elements can be the source of
pain in a variety of conditions, including compression of the spinal
cord or nerve roots intrinsically from intradural tumors or
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Figure 11.4 Anterior dermatomes. (Drawing by
Jennifer Ham, OD.)

extrinsically from metastatic tumors, meningeal infections, her-
niated disks, osteophytic bone spurs, or spinal canal stenosis.
Visceral disease may be referred to the spine via viscerosomatic
reflexes. '

Vertebral posterior element

The posterior element consists of the spinous process, the trans-
verse process, the lamina, the pedicles, the ligaments, the joint
capsules, and the facet joints (Figure 11.5). Posterior muscular
attachments occur primarily to these elements. It is in this region
that the cause of most back pain is found.

Pain can occur in this region as a result of fractures (e.g., spon-
dylolysis), spondylolisthesis, facet arthropathy that results in
nerve root impingement, disk herniations, acute strains or sprains,
chronic repetitive microtrauma that results in trigger points or myo-
fascial pain syndromes, and somatic dysfunctions.*®'? If one con-
siders more superficial structures as part of the posterior element,
then fibrofatty nodules, which are also known as back mice, may
be the source of a patient’s LBP; these likely result from chronic
abnormal movement patterns.”” In addition, herpes zoster can
cause pain in the lumbar region that mimics LBP before or
during rash development as well as in the form of a postherpetic
neuralgia.?’

Facets

The five lumbar vertebrae are controlled by the facet joints, which
allow for minimal rotation. Injury, degeneration, or trauma to the
facets may lead to spondylosis (the degeneration of the joints),
spondylolysis (a defect in the par interarticularis), or spondylolisth-
esis (the forward displacement of one vertebrae over the other).?!
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Intervertebral disks

Intervertebral disks act as shock absorbers between vertebrae, and
they separate vertebrae, thus allowing for functional movement
between each and a space for the nerve roots to venture out of
the spinal cord through the intervertebral foramina.*' Disk degen-
eration (i.e., degenerative disk disease) and a loss of hydrophilic
support results in the transfer of weight bearing and rotational
loads to the facet joints; this may produce facet joint inflammation,
arthropathy, and a degeneration cascade in the lumbar spine.**
Disk pressure is maximally reduced by standing in a natural
lordotic posture. Increased disk pressure can result in herniations
of the nucleus pulposus (typically posterolaterally) into the
vertebral body.

Lower extremities

The lumbar spine is supported by the lower extremities. Therefore,
poor conditioning of the lower extremities places an athlete at
greater risk for low back injury. An example would be fatigue of
the lower extremities, which can lead to improper body mechanics
such as keeping the knees straight and bending at the waist while
trying to lift an object from the floor.?

Lumbar segmental mechanics

The alignment of the facets of the lumbar vertebrae in L1-L5 allows
for a normal amount of sagittal plane (flexion/extension) and
coronal plane (lateral side bending) movement at each vertebral
level but minimal horizontal plane (rotation) movement, with the
exception of L5-S1 junction, which permits a greater degree of
rotation. The orientation of the facets results in both neutral and
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non-neutral mechanics. When the spine is in a neutral position,
side bending and rotation of the vertebrae should occur to oppo-
site sides. However, in the non-neutral position, whether flexed or
extended, the side-bending and rotation components occur to the
same side.

With this basic understanding and practiced palpatory skills,
specific assessments can be made to identify lumbar facets that
are either remaining closed inappropriately or that are unable to
fully close as expected. A segment that is dysfunctional in its
movement is associated with a variety of identified neural reflexes,
depending on the location, acuity, or chronicity of the problem. In
the lumbar spine, sympathetic nerves associated with the nerve
root can play a part in somatic—visceral, visceral-somatic, or
somatic—somatic reflexes.” A cascade of biomechanical compen-
sation and adaptation can ensue as time passes without correction
of the segmental dysfunction.

HISTORY

The history is the most important part of the initial examination.
Alarm symptoms known as red flags can be easily identified, and
these may signify possible serious illnesses (infection or malig-
nancy) that require urgent intervention." Fever, malaise, and the
inability to establish a position of comfort suggest conditions such
as diskitis, osteomyelitis, or malignancy. Bowel or bladder dys-
function, saddle anesthesia, and progressive neurologic deficits
may indicate cauda equina syndrome or nerve root compression
and the need for emergency lumbar decompression.” Unremitting
pain that is incompletely relieved by lying down or that is constant
at night may indicate neoplasm or infection. It is also important to

History @

watch for immunosuppression, intravenous drug use, and urinary
tract or other infections."

Pain quality, location, radiation, and exacerbating or relieving
factors should be considered. Pain characterization and the deter-
mination of the presence or absence of sciatica are second only to
the red flags in historical importance.' As outlined previously, an
anatomic division of the vertebrae into anterior, middle, and
posterior elements can be helpful for organizing a strong differen-
tial diagnosis.

Malignancy

In one study, 13 of 1975 patients who presented with LBP had an
underlying malignancy.” Historical clues that suggest underlying
malignancy (incidence in LBP, 0.7%) include the following:
50 years of age or older (positive likelihood ratio [+LRl, 2.7;
negative likelihood ratio [—LR], 0.32); history of previous cancer
(+1R, 14.7; —LR, 0.70); unexplained weight loss (+LR, 2.7; -LR,
0.90); failure to improve after 1 month of therapy (+LR, 3.0;
—LR, 0.77); no relief with bed rest (+LR, 1.7; —LR, 0.21); and
duration of pain of 1 month or more (+LR, 2.6; —LR, 0.62) (LOE:
B). Laboratory evaluation can be initiated with a complete blood
count, erythrocyte sedimentation rate, urinalysis, and any other
laboratory tests that are clinically indicated. Radiography, bone
scanning, computed tomography scanning, or magnetic resonance
imaging may help confirm or rule out one’s clinical suspicion. If
evidence of serious disease is uncovered, appropriate consultation
is warranted (LOE: B).**

Spinal infection

Spinal infections (incidence, 0.01%) are suggested by the following
red flags: fever (sensitivity, 0.27 to 0.83; specificity, 0.98) and spine
tenderness (sensitivity, 0.86; specificity, 0.60). Other clues may be
recent bacterial infection, intravenous drug use, and immunosup-
pression. Evaluation can proceed as outlined previously for suspi-
cion of underlying cancer (LOE: B).z/"z()

Neurologic causes

Nerve root pain, peripheral nerve pain, and discogenic pain pre-
sent differently. Nerve root pain is typical sharp and shooting; it
is often increased by coughing, straining, standing, or sitting, and
it is usually relieved by lying down, although only briefly.
Peripheral nerve or lumbosacral plexus pain tends to be burning,
like a “pins-and-needles,” asleep, or numb quality. Discogenic
pain is worsened with lumbar flexion.'

More than 95% of disc herniations affect the L4-5 or L5-S1 inter-
space.”’*® Remember, a herniated disc in the lumbar vertebrae will
affect the nerve root of the vertebrae below. For example, a disc
herniation at L4-L5 will affect the S1 nerve root (see Figure 11.1).
Classic features of disc herniation are sharp, burning, or aching
pain in the buttock and paresthesias that radiate in a radicular
pattern. A history of persistent leg numbness or weakness further
increases the likelihood of neurologic involvement. If the athlete
endorses dermatome-specific radicular symptoms that radiate
below the knee, then disc herniation is highly likely (sensitivity,
0.95; specificity, 0.88) (LOE: B).*>*’

Other causes of radicular pain include neoplasm, entrapment
neuropathy, myofascial pain syndromes, trochanteric bursitis,
endometriosis, diabetic radiculoneuropathy, shingles, the entrap-
ment of the sciatic nerve by the piriformis muscle, and spinal
stenosis.'

The hallmark of spinal stenosis is neurogenic claudication with
symptoms of pain radiating down the buttock, thigh, and lower
legs that is improved with lumbar spine flexion because forward
flexion opens the foramina.*® The possibility of spinal stenosis
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should be considered in athletes who are more than 65 years
of age (+LR, 2.5; —LR, 0.33) if the pain endorses neurogenic
claudication (sensitivity, 0.60; specificity, N/A), worsens with
lumbar extension, and improves when the patient is seated
(+LR, 3.1; —LR, 0.58). A wide-based gait noted on observation
has a +LR of 14.3. Magnetic resonance imaging or computed
tomograp_)h}jl scanning can effectively confirm or rule out central
stenosis”** (LOE: B).

Bone injury

Thoracolumbar fractures typically present as back pain with
segmental radiation in the distribution of the contiguous nerve
roots. Sitting often aggravates the pain, and muscle spasm may
disturb sleep. Other contributing factors are a history of trauma,
corticosteroid use, osteoporosis, and an age of more than
70 years.] Compression fractures (incidence, 0.3%) should also
be considered in the following groups of patients: those 50 years
of age and older (+LR, 2.2, 5.5; —LR, 0.26, 0.81), those with a
history of recent trauma (+LR, 2.0; —LR, 0.82), those with long-
term corticosteroid use (+LR, 12.0; —LR, 0.94), and those with a
history of osteoporosis®® (LOE: B). Other bony causes of LBP
include spondylosis, spondylolysis, and spondylolisthesis. Lumbar
spine injuries are discussed further in Chapter 24.

Sprains and strains

Simple sprains and strains will typically present as a nonspecific
dull ache in the low back, buttock, or posterior lateral thigh, some-
times with radiation. This pain will typically be worsened with
prolonged standing or sitting."

Myofascial pain

Myofascial LBP and fibromyalgia may present as diffuse LBP of
gradual onset that worsens after sitting or resting, that is aggravated
by cold, and that is relieved by warmth and movement. There is
often stiffness and limited range of motion as well as a sensation of
tightness in the back. Bilateral leg pain and paresthesia may occur.
Tenderness is present within the affected muscle and soft tissues
and often within the sacroiliac joint.

Rheumatoid

In a young athletic population, seronegative spondyloarthropa-
thies (e.g., ankylosing spondylitis, Reiter’s syndrome, psoriatic
arthritis; incidence, 0.3%) should be considered. Patients charac-
teristically have an onset of symptoms before the age of 40 years
(+LR, 1.0; —LR, 0.0); they have an insidious onset of pain that lasts
for more than 3 months (+LR, 1.5; —LR, 0.54), and they complain
of morning back stiffness (+ LR, 1.6; —LR, 0.61) that improves with
movement and exercise. Radiographic evidence of sacroiliitis is
often seen, as is an elevated sedimentation rate and C-reactive
protein (LOE: B).”’23

PHYSICAL EXAMINATION

Inspection

A screening assessment can begin with simply observing the ath-
lete in a standing position for posture and landmark asymmetries.
Posture is best noted from the lateral perspective. Observe for an
overall leaning (forward or backward) of the stance. This can
begin to provide clues that may help focus further testing. For
example, a relatively forward-bent posture may suggest a bilateral
psoas muscle spasm or the protection of a painful area that wor-
sens with extension (as in spondylolysis). Increased lumbar

lordosis (anterior pelvic tilt) may indicate a relative increase in
hip flexor (iliopsoas and rectus femoris) to hip extensor (gluteus
maximus and hamstring) strength and a weak abdominal muscu-
lature, whereas excessively tight hamstrings may cause a posterior
pelvic tilt and a relatively decreased lumbar lordosis. Posteriorly,
bilateral landmarks that are often used to determine symmetry are
the mastoid process, the acromioclavicular joint, the inferior angle
of the scapula, iliac crest heights, posterior iliac spines (PSISs),
ischial tuberosities, and femoral heads. Observe for evidence of
asymmetric muscular bulk and tone.

Observe for body type and gait alterations. Anteriorly, the head
should be straight on the shoulders, with the nose in line with the
manubrium, the sternum, and the umbilicus. The shoulders and
clavicle should be even, although the dominant shoulder is typi-
cally lower. Iliac crest heights should be level; if they are not, there
may be a leg-length discrepancy caused by altered bone length, a
pronated foot, or a rotated pelvis. The anterior superior iliac spines
should be level with the patellae, and the lower limbs should face
straight ahead. The medial and lateral malleoli should be level.*!

Viewing the patient from the side, the earlobes should be in line
with the tip of the shoulder and the iliac crest. The lumbar spine
should have a normal curve, without hyperlordosis or kyphosis.
Posteriorly, the curvature of the spine should be free of scoliosis,
and the PSISs should be level.*!

Observe the skin for tufts of hair that are indicative of spina
bifida occulta and for café-au-lait spots that are indicative of neu-
rofibromatosis or collagen vascular disease.

Range of motion
Very little movement takes place in the lumbar spine because of
the size of the vertebrae, the tightness of the ligaments, and the
shape of the facets. What movement there is mostly takes place
between L4-L5 and L5-S1.%! Lumbar range of motion values may
be helpful for getting an overall sense of flexibility and for deter-
mining change during rehabilitation programs. Range of motion
should be assessed in the sagittal (flexion/extension), coronal
(lateral side bending), and horizontal (rotation) planes. Although
the spine flexibility of persons with LBP does not correlate with
disability, reduced spinal mobility seems to be a negative predictor
for successful rehabilitation. Be on the lookout for possible causes
of decreased range of motion, such as pain, stiffness, and
spasm, 13173132

Lumbar forward flexibility can be determined with the use of
the fingertip-to-floor test (Table 11.1). Have the athlete bend for-
ward as far as possible while maintaining the knees, arms, and
fingers in full extension. If the athlete bends at the knees while
flexing, watch for tight hamstrings and nerve root symptoms.
Normal forward flexion is between 40 and 60 degrees, normal
extension is between 20 and 35 degrees, and normal side flexion
is between 15 and 20 degrees. Pain while side flexing to the
affected side could indicate an intra-articular lesion. Disc hernia-
tion commonly presents as increased pain with radiation down the
affected side while forward or side flexing. Have the athlete com-
bine extension and rotation. If this increases the pain, facet syn-
drome may be present.

Table 11.1 Average Range of Motion with
Fingertip-to-FloorTest in the HealthyAdult Spine

Lumbar forward flexion
Lumbar extension

55.4 degrees
23.1 degrees
22.2 degrees
13.6 degrees

Lumbar lateral flexion
Lumbar rotation

From Alvarez DJ, Rockwell PG: Am Fam Physician 2002;65(4):653-660.



Table 11.2 Muscle Strength and Its Level of Nerve
Root Innervation

Hip adduction L1 and L2
Hip flexion L2 and L3
Hip extension S1 and S2
Knee flexion L5 and S1
Knee extension L3 and L4
Ankle dorsiflexion L4
Plantar flexion S1
Ankle inversion L5
Ankle eversion S1
Toe flexion S1
Toe extension L5

From Magee DJ: The lumbar spine. In Orthopedic Physical Assessment, 3rd ed.
Philadelphia, WB Saunders, 1997.

Neurologic testing

A lower-extremity neurologic examination is an essential compo-
nent of the lumbar spine evaluation. This examination should
include the patella, the medial hamstring, the Achilles reflexes, a
sensory examination, and motor testing.

Both sides should be compared, and the dermatomes of L1
through the first sacral dermatome (S1) can be tested by
determining the patient’s appreciation of a pinprick (or of a light
touch, although this is less sensitive). Hoppenfeld® described a
pattern that is relatively easy to remember. The anterior thigh is
divided equally, with three lines going from superolateral to
inferomedial, and the third line crosses the patella. The L1, L2,
and L3 dermatomes are represented in these three regions when
going from superior to inferior, respectively. A line drawn from the
patella to the medial aspect of the big toe divides the L4 and L5
dermatomes. L4 is on the medial aspect of this line, and L5 is
located lateral to this line. S1 is located on the lateralmost part of
the foot."

A single nerve root lesion usually causes only mild hypalgesia
because there is a wide overlap of root distributions. Thus, the
examiner may be unable to detect a sensory deficit. The great
toe may be more specific for detecting L5 sensation. The lateral
malleolus and the posteriolateral foot may be more reliable for
testing S1 sensation. Sensitivity and specificity are 0.50 each.'

After the sensory examination, motor testing is performed
(Tables 11.2 and 11.3). Challenging the patient’s maximal strength
in both extremities can test the gross integrity of the motor nerves of
the lumbar plexus. A simple method is to test the strength to resis-
tance in flexion and extension at the hip, knee, ankle, and big toe as
well as to test eversion and inversion at the ankle. The following

Table 11.3 Tendon Reflexes and Their Level
of Nerve Root Innervation

Patellar L3-L4

Medial hamstring L5-S1
Lateral hamstring S1-S2
Posterior tibial L4-L5
Achilles S1-S2

From Lehrich JR, Katz JN, Sheon RP: Approach to the diagnosis and evaluation of low
back pain in adults, UpToDate Version 12.2 (online database): Available at
www.uptodate.com. Accessed April 25, 2007; Magee DJ: The lumbar spine. In
Orthopedic Physical Assessment, 3rd ed. Philadelphia, WB Saunders, 1997.

Special tests @

spinal nerves are tested with the muscle is in its actively shortened
position: hip adduction (L1 and L2), hip flexion (12 and L3), and hip
extension (S1 and S2); knee flexion (L5 and S1) and extension (L3
and L4); ankle dorsiflexion (14), plantar flexion (S1), inversion (L5),
and eversion (S1); and toe flexion (S1) and extension (L5). Deep
tendon reflexes can be used to test L4 (patella), L5 (medial ham-
string), and S1 (Achilles).ﬁ“)’4 The impingement of L3 or L4 is asso-
ciated with a depressed knee jerk, whereas the impingement of S1
is associated with a depressed ankle jerk C(sensitivity, 0.5;
specificity, 0.6)."

PALPATION

Palpation and articular motion testing

Palpating for tissue texture abnormalities and assessing individual
segment motion restrictions in the lumbar, thoracic, and cervical
spines as well as in the pelvis, sacrum, and ribs allows the clinician
to target treatment with the goal of restoring normal joint motion
throughout the integrated spinal unit. Please see Chapter 34 for
further review of this important skill.

Palpation of the paraspinal muscles may reveal tenderness or
tissue texture changes that are indicative of muscle spasms or
trigger points. Palpating the spinous processes may reveal tender-
ness that is indicative of subluxation or even fracture. A spinous
process step deformity may indicate spondylolisthesis, and muscle
tenderness may be caused by nerve root irritation (calf, S1; anterior
tibial muscles, L3; quadriceps, L4).!

Palpation and trigger points

Trigger points are focal, discrete, hyperirritable spots that are
located in taut bands of skeletal muscle. They are ubiquitous in
the population, they can be found in nearly any muscle, and, by
some accounts, they are responsible for the majority of chronic
pain syndromes. It has been reported that the most commonly
overlooked causes of myogenic LBP are trigger points in the
quadratus lumborum. Other common myofascial trigger points
occur in the following areas: the piriformis, the iliopsoas, the
erector spinae, the rotatores, the multifidi, and the gluteus
maximus, medius, and minimus muscles. Trigger points are
detected when a suspicious muscle is palpated perpendicularly
along the long axis of the muscle using the fingertips or, in
some instances, a pincer grasp. Classic findings are the “jump
sign,” a wincing or voluntary withdrawal response by the patient,
and a local twitch of the taut band. Patterns of referred pain can
project peripherally and centrally, or they may be primarily
localized. Mechanical and systemic perpetuating factors may
include the following: lack of exercise, postural strains, muscle
chilling, psychological stress, vitamin D deficiency, leg-length
discrepancy, muscle overload, and a prolonged shortened position
of a muscle (e.g., a long car ride with the hip maintained in
external rotation that results in a sustained shortened piriformis
muscle).!>373¢

Seated flexion test (Figure 11.6)

This test evaluates for somatic dysfunction of the sacrum by asses-
sing sacroiliac motion. The patient is in a seated position. The
physician should hook his or her thumbs under the PSIS. The
patient should slowly flex forward and attempt to touch his or
her toes. The PSIS on the left and the right should start out at
equal levels and remain equal throughout flexion. If one side
moves and the other side does not, somatic dysfunction of the
sacrum is on the side of the superior PSIS.
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Figure 11.6 Seated flexion test/sacroiliac joint evaluation.

Standing flexion test

This test evaluates for somatic dysfunction of the pelvis by asses-
sing iliosacral motion. With the patient standing, the physician
should hook his or her thumbs under the PSIS. The patient
should slowly flex forward and attempt to touch his or her toes.
If one side moves and the other side does not, somatic dysfunction
of the pelvis (more specifically in the innominate) is on the side of
the superior PSIS. A sacral dysfunction would show a discrepancy
during standing flexion, whereas a pelvic dysfunction would be
evident by a discrepancy during seated flexion.

Straight leg raise test or Lasegue’s test

The straight leg raise test is used to assess for the impingement of a
nerve root from a herniated disc or from a space-occupying lesion
by stretching that root. The patient should be in a supine position.
The physician flexes the patient’s hip with the patient’s knee
extended until the patient complains of pain or tightness in the
back or the back of the leg. At this point, the physician brings the
leg back down until the patient feels no pain. The physician
should then dorsiflex the foot (Bragard’s test); the neck may also
be flexed (Soto—Hall test) (Figure 11.7). A positive test elicits pain
in the leg, buttock, or back at 60 degrees or less of leg elevation.
The pain is typically worsened by dorsiflexion of the ankle or neck
flexion, and it is relieved with flexion of the knee and hip. A
positive straight leg raise test usually indicates S1 or L5 root
irritation. Sensitivity is about 91%, and specificity is 26%. Pain

Figure 11.7 Straight leg raise test with Soto—Hall test.

Figure 11.8 Modified straight leg raise test.

that does not increase with dorsiflexion or neck flexion may
indicate a lesion in the lumbosacral, sacroiliac, or ham-
string area. Pain on the opposite side could indicate a large
spac-occupying lesion. 73

Modified straight leg raise test (Figure 11.8)

The patient is in a lateral recumbent position with the unaffected
side down. The hip and knee are flexed at 90 degrees, and the
knee is then slowly extended. Pain, resistance, or a reproduction of
symptoms is a positive test.”!

Reverse straight leg raise test (Figure 11.9)

This test looks for L3 or L4 root irritation. With the patient in the
prone position, each thigh is extended one at a time at the hip
joint. Pain over the involved nerve root may be reproduced,
regardless of which leg is posteriorly raised.!?®

Crossed straight leg raise test

This test is much less sensitive (0.25), but it is also much more
specific (0.90 to 0.97) for lumbar disc herniation. The patient
should be in a prone position. Increased sciatica on raising the
opposite leg with the knee extended is a positive test. This test
predicts poor response to conservative therapy. Patients who have
a positive crossed straight leg raise test may have a normal myelo-
gram; however, 90% of these patients will be found to have a
herniated disc."*®

Prone knee bending test

With the patient in the prone position, the physician flexes the
patient’s knee as far as possible so that the patient’s heel rests
against the buttock for 45 to 60 seconds. Pain in the lumbar
area, buttock, or posterior thigh may indicate an L2 or L3 nerve
root lesion. Pain in the anterior thigh indicates tight quadriceps or
femoral nerve tightness.'

Kernig—Brudzinski test (Figure 11.10)

This test is used to evaluate for meningeal irritation, dural irritation,
or nerve root involvement. Place the patient in the supine position,
and then place the patient’s hands behind his or her head. Flex the
patient’s head to the chest, and flex the patient’s hip with the leg
extended until pain is felt. At this point, flex the knee. If the pain
resolves, the test is positive.”'
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Figure 11.9 Reverse straight leg raise test.

Femoral nerve traction test (Figure 11.11)

The patient should be in the lateral recumbent position with
the unaffected side down. The unaffected limb should be flexed
slightly at the hip and knee, the patient’s back should be straight
rather than hyperextended, and the head should be flexed. Take
the patient’s affected limb, and extend the knee while gently
extending the hip approximately 15 degrees; this stretches the
femoral nerve. Pain radiating down the anterior thigh is a
positive test.”!

Single-leg hyperextension test (stork test)
(Figure 11.12)

Spondylolysis should be considered in athletes who are involved
in hyperextension activities and who have pain on provocative
clinical tests. Have the patient stand on one leg. The patient’s
lower back should be extended; this stresses the posterior ele-
ments, and pain will be greatest on the weight-bearing side,
which is on the same side as the spondylolysis. However, it is
impor;te}?t to remember that these fractures may be on both
sides.”™"

Hopping test
Sacral stress fractures may be seen in long-distance runners who
have focal sacral pain with a reproduction of the pain during the

Figure 11.10 Kernig—Brudzinski test.

Figure 11.11 Femoral nerve traction test.

“hopping test.””*” The patient should stand and then hop on the
affected leg.

Adam’s forward bend test

This test helps screen for scoliosis. With the patient sitting or stand-
ing, have the patient bend over at the waist, and examine him or
her from behind and from the side, horizontally along the contour
of the back. If a rib hump is observed, this suggests a scoliosis
curvature of at least 10 degrees, and it should prompt further
evaluation with an x-ray.

Quadratus lumborum (Figure 11.13)

With the patient in the lateral recumbent position, have him or her
flex the leg that is not to be tested. The tested leg is straight and
slightly posterior to the trunk. While stabilizing the twelfth rib, the
leg is abducted first to relax the quadratus lumborum, and then the
leg is allowed to drop toward the floor for length testing.

Signs of the buttock

With the patient in the supine position, repeat the straight leg raise
test. If there is unilateral restriction, flex the knee. If hip flexion
increases, the problem is in the hamstrings or the lumbar spine. If
hip flexion is still restricted, the examination is positive, and there
is likely pathology in the buttock, such as bursitis, a tumor, or an
abscess.”!

Figure 11.12 Single-leg hyperextension test.
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Figure 11.13 Quadratus lumborum range of motion testing.

Bowstring test (cram test)

This test is used to evaluate for sciatic nerve tension. With the
patient in the supine position, repeat the straight leg raise test.
While maintaining the patient’s thigh in the same position, the
physician flexes the patient’s knee to 20 degrees to reduce
the symptoms. Thumb pressure is applied to the popliteal area
to reestablish the painful radicular symptoms. If the radicular
symptoms are reproduced, then the test is positive. ™

Flip sign

This test helps distinguish between sciatic pain and lower lumbar
spine pain. With the patient seated, have him or her extend the
knees. Lay the patient supine, and perform the straight leg raise
test. If both tests cause pain in the sciatic nerve distribution, the
cause is likely to be sciatic. If only one test is positive, then
the lumbar spine is likely the culprit.*’

Babinski’s test

This test is used to evaluate for an upper motor neuron lesion.
With the patient sitting, the physician slides a fingernail down the
plantar surface of the patient’s foot. This should make the big toe
flex. If the big toe extends and the other toes abduct, then the test
is positive.”!

Oppenheim’s test

This test also tests for an upper motor neuron lesion. The physician
slides a fingernail along the crest of the patient’s tibia and then
evaluates again for a positive Babinski sign.*' This test is used to
test for spinal thecal compression.

Naffziger’s test

With the patient in the supine position, the physician gently com-
presses the jugular veins for 10 seconds. As the patient’s face
flushes, the patient is asked to cough. If coughing causes pain in
the low back, then the spina theca is being compressed, which leads
to increased intrathecal pressure. Increased lumbar spine pain with
the Valsalva maneuver would indicate the same findings.*!

Tests for malingering

Inconsistencies in the examinations may be signs of malingering.
The next two tests may be helpful for determining whether this is
an issue.

Figure 11.14 Hoover’s test.

Axial loading

With the patient sitting or standing, press down on the top of the
patient’s head, or rotate the patient’s body at the hips or shoulders.
These movements should not bring about LBP.*

Hoover’s test (Figure 11.14)

With the patient in the supine position, the physician places one hand
under each calcaneous, with the patient’s legs relaxed on the table.
The patient should be asked to lift one leg off of the table with the
knees straight. The physician should feel pressure under the patient’s
opposite heel. If no pressure is felt or if the patient does not lift the
affected leg, the test is positive. Compare both sides.*!

Hip special tests

The following special tests of the hip and pelvis should also be
included in the low back evaluation: leg-length evaluation, flexion,
abduction, and external rotation (FABER)/Patrick’s test, Ober’s test,
Ely test, Thomas’ test, and Trendelenburg’s test. See Chapter 12 for
information about how to perform these maneuvers.
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CHAPTER

Physical Examination of the Hip
and Pelvis

Peter H. Seidenberg, MD, FAAFP, and Marc A. Childress, MD

KEY POINTS

+ Hip pain can originate from the hip joint, the groin, the
surrounding musculature, the sacroiliac joints, the lumbar
spine, the abdomen, or the pelvis, which makes this area a
“black box” in sports medicine.

+ A thorough history and physical can demystify the hip and
provide an accurate diagnosis.

+ Aleg-length evaluation should be included in the hip and pelvis
examination.

- Sacroiliac examination techniques include the flexion,
abduction, and external rotation test; the supine-to-sit test; the
standing flexion test; and Gillet's and Gaenslen’s tests.

+ The scour or quadrant test is the hip equivalent of McMurray’s
test for the knee.

INTRODUCTION

Hip and pelvis injuries are commonly seen in sports medicine,
particularly among certain groups of athletes, such as dancers,
runners, and soccer players.! These sports tend to involve a
higher degree of force and extremes of movement across the
hip, which may predispose the athlete to injury. Among adults
who present to primary care physicians with musculoskeletal com-
plaints, approximately 5% to 6% involve the hip. In the pediatric
population, this percentage increases to 10% to 24%.

Hip pain is viewed by many as the “black box” of sports
medicine. The complexity of the joint itself, coupled with the variety
of fashions in which injury or dysfunction can emerge, illustrates the
need to begin with a very broad differential diagnosis that includes a
wide range of both musculoskeletal and nonmusculoskeletal causes
(Table 12.1). The ability to conduct a systematic evaluation of the
hip and pelvis arms the physician with the tools required to tackle
this intimidating area.

ANATOMY

The hip joint has a ball-and-socket configuration that results in an
exceptional degree of stability while allowing for significant

movement within three separate planes: frontal, sagittal, and trans-
verse. Despite this degree of mobility, the partially spherical articu-
lation between the femoral head and the acetabulum is required to
distribute a large amount of pressure during activities of daily
living. In fact, it has been calculated that walking and running
can transmit up to three to five times the force of the patient’s
body weight through the hip joint.*

The bony joint results from the articulation between the head of
the femur and the acetabulum. The acetabulum is derived from
portions of three separate bones of the pelvis: the ilium, the
ischium, and the pubis. These are often referred to as the innomi-
nate bones, and they collectively make up the “hip bone.” The
articular surface of the acetabulum is covered by a layer of cartilage
that becomes more prominent at the periphery, which results in the
thickened rim or labrum. The labrum also deepens the acetabulum,
thus providing additional support to the femoral head. The joint’s
stability is further augmented by three ligaments that surround the
joint capsule and a small ligamentum teres that attaches directly to
the femoral head.” The innominate bones articulate anteriorly at the
symphysis pubis, whereas the posterior portion of the pelvic girdle
is completed by the sacrum and the coccyx.

The muscular structure of the joint includes the gluteal region,
the lower lumbar area, and many muscles that originate in the
pelvis and the lower back but that insert distally on the lower
extremity (Figures 12.1 and 12.2). For examination purposes,
most of these muscles can be grouped by their functional simila-
rities. Flexors, extensors, abductors, adductors, and muscles that
control internal and external rotation will all be discussed in more
detail.

HISTORY

Patients and physicians may be tempted to focus on only the
joint proper as the cause of hip or groin pain; however, pain can
originate from many potential sources. Although the articulation of
the hip takes place between the head of the femur and the
acetabulum, one must also maintain an awareness of the nearby
bony and soft-tissue anatomy of the region, including the low back
and the pelvis. In the light of the large differential diagnosis
(see Table 12.1), it is important during the evaluation to obtain a
broad history and to perform a thorough examination before
presuming a diagnosis.



Table 12.1 Differential Diagnosis of Hip Pain

Hip/Pelvis Thigh
Stress fracture of the Muscle strains

femoral neck Adductor longus
Pubic ramus fracture Rectus femoris

Osteitis pubis

lliopsoas

Legg—Calvé—Perthes Sartorius

disease Gracilis
Slipped capital femoral Femoral hernia

epiphysis

] Lymphadenopathy

Avulsion fracture about the Abd

pelvis omen )
S Lower abdominal wall

Strain of the rectus abdominis
Inguinal hernia

Acetabular labral tear
Bursitis (iliopectineal,

trochanteric) llioinguinal nerve entrapment
Avascular necrosis Sports hernia (hockey player's syndrome)
Osteoarthritis Abdominal organ conditions
Synovitis or capsulitis Abdominal aortic aneurysm
Low Back Appendicitis
Sacroiliitis Diverticulitis
Sacroiliac dysfunction Inflammatory bowel disease
Sciatica Pelvic inflammatory disease

Sexually transmitted diseases
Ovarian cyst
Ectopic pregnancy

Nerve root impingement
Degenerative disc disease
Lumbosacral strain

Adapted from Seidenberg PH, Childress MA: J Musculoskel Med
2005;22(7):337-344.

Similar to other musculoskeletal complaints, the differential
diagnosis for hip pain varies dramatically with the age of the
patient. As such, it is extremely important to assess both the chron-
ologic and physiologic age of the patient. Apophyseal avulsion
fractures occur more commonly among children, adolescents,
and young adults in whom the growth plates have not yet
closed (Figure 12.3). However, the likelihood of these injuries
decreases significantly after the patient reaches skeletal maturity.*
Table 12.2 lists the apophyseal sites of the hip and the pelvis and
the usual age ranges for appearance and fusion. In an older
patient, the same mechanism of injury is less likely to produce a
bony avulsion; rather, it is more likely to cause injury to the mus-
culotendinous junction.

Other hip disorders, such as slipped capital epiphysis and tran-
sient synovitis, occur in children of specific age ranges.”® Thus, the
differential diagnosis for pediatric hip and groin complaints changes
for different patients, depending on their age. Despite this variabil-
ity, the evaluation of any patient with hip complaints can be per-
formed systematically with a detailed history and examination.

Symptoms should always be qualified with the array of loca-
tion, onset, duration, alleviating/aggravating factors, and character-
ization. Is the pain sharp, dull, burning, or tingling? Is there
numbness or weakness? Is there any sense of clicking or snapping?
Complaints of “snapping” are common to the hip, and they
deserve closer attention to determine the perceived location, the
provoking activities, and so on. Has the hip ever “locked?” Does
the joint feel restricted? Is there any swelling, bruising, or pain in
focal areas?

As with all joint complaints, the examiner must attempt to deter-
mine if the injury is acute, chronic, or acute on chronic in nature.
Questions about the sport and position that the patient plays, the
training regimen, the diet, and the equipment can be extremely

History @
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Figure 12.1 Musculature of the anterior hip and thigh. (From Jenkins DB
[ed]: Hollinshead'’s Functional Anatomy of the Limbs and Back, 7th ed.
Philadelphia, PA,WB Saunders, 1998, p 257,

helpful when attempting to clarify the diagnosis in terms of both
the victims and the culprits (see Chapter 7) involved in the injury.
When did the pain begin? How long has it lasted? Has the pain
changed? Has it improved or worsened? If the complaint is easily
linked to an acute injury, then understanding the mechanism is
imperative. Was the pain noted immediately, such as when a
soccer player kicked the ball only to simultaneously meet the
foot of an opposing player? Alternatively, did the pain start gradu-
ally and increase as the preseason training regimen intensified?
Does the pain occur at a certain point during training? Has the
marathon runner only noticed pain at mile 3 when she runs on
the left side of the street?

The presence of radiating symptoms can be helpful for the diag-
nosis because the hip area is an obvious hub for nerves to the lower
extremities and groin. Pain is the most common presenting com-
plaint, and a clear description of the total distribution of discomfort
should be sought. This can include descriptions of large affected
areas (e.g., the distribution seen with sciatic nerve impingement)
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Figure 12.2 A, Anterior view of the origins and insertions of the hip and pelvis musculature. B, Posterior view of the origins and insertions of the hip and pelvis
musculature. (From Jenkins DB [ed]: Hollinshead’s Functional Anatomy of the Limbs and Back, 7th ed. Philadelphia, PA, WB Saunders, 1998, pp 259 and 275.)

as well as of small regions (e.g., entrapment of the less considered
ilioinguinal nerve). For athletes in whom nerve impingement is
suspected, it is important to ask about both weakness and numb-
ness because the two may present independent of one another.
In cases in which the complaint is predominantly functional
(i.e., quadriceps weakness — femoral nerve, adductor weakness
— obturator nerve, and so on), further inquiry is warranted. Areas
of focus should include the middle and lower back, the hip, the
pelvis, the groin (including the genitalia), the legs, and the feet.”

It is critical to know about any previous or concurrent injuries
to the back or the lower extremities. Knowledge of the kinetic
chain allows the clinician to see how changes in the gait cycle
(relative muscular weakness) and attempts to compensate for
pain or discomfort in other areas can easily affect the hip joint
and its related structures. For this reason, injuries to both the ipsi-
lateral and contralateral leg, knee, lower leg, ankle, or foot can be
imponzmt.8

In the absence of acute trauma, close attention should be paid
to constitutional symptoms such as fever, chills, or nausea, which
could correlate with an infectious process in the abdominal or

pelvic region. For example, pain in the hip may prove to be a
manifestation of appendicitis, pelvic inflammatory disease, or
diverticulitis. Likewise, in the pediatric population, fever may sug-
gest transient synovitis of the hip or, worse, a septic joint. A history
of weight loss in the face of hip pain can be particularly alarming
because the hip and pelvis are common locations for metastatic
bony lesions.” Medical and medication histories are equally impor-
tant. For example, if a patient presenting with new-onset hip pain
was recently treated with steroids for an unrelated pulmonary
issue, then the concern for avascular necrosis of the femoral
head would be increased. Likewise, a patient with known
osteoporosis would raise a higher suspicion for fracture of the
femoral neck.

PHYSICAL EXAMINATION

The evaluation of hip complaints can often begin far before the
formal history and physical as the clinician observes the patient
walking to the examination room. Issues such as gait, posture, and



Table 12.2 Apophyses of the Hip and Pelvis

Physical examination @

Apophysis Appears Fuses Muscle Group
Ischial 12-15 19-25 Hamstrings

ASIS 12-15 16-18 Sartorius

AllS 12-15 16-18 Rectus femoris
lliac crest 12-15 15-17 Abdominals
Lesser trochanter 8-12 16-18 lliopsoas

Greater trochanter 2-5 16-18 Gluteus maximus

Adapted from Anderson SJ: Curr Probl Pediatr Adolesc Health Care 2005;35(4):110-164; Paletta GA Jr, Andrish JT: Clin Sports Med 1995;14:591-628.

obvious deformity can offer quick clues as to the root of a com-
plaint. A visual inspection can help identify muscular atrophy,
pelvic obliquity (e.g., leg-length discrepancy, weak supporting
musculature, or contractures), and significant scoliotic or lordotic
curves.'” For example, an excessive lordotic curve could be a
patient’s attempt to maintain balance in the face of flexion con-
tractures of one or both hips.

Range of motion

This facet of the examination should be performed during every
evaluation of the hip. The parameters for each movement are fairly
well defined (Table 12.3), and they can be easily and quickly
assessed in the clinical setting. In the supine position, the examiner
can test flexion, abduction, adduction, and internal and external
rotation. Flexion is best performed with the knees flexed as well so
that the full range of hip joint motion will not be limited by ham-
string tightness. Abduction and adduction (Figures 12.4 and 12.5)
are tested by having the patient lay with the legs together and then
moving one leg at a time. The degree of movement should be
documented at the first sign that the pelvis is beginning to shift.

lliac crest
a: 12-15 yrs.
f: 15-17 yrs.

Ant. sup.
iliac spine
a:12-15 yrs.
f: 16-18 yrs.

Ant. inf.

iliac spine

a: 12-15 yrs.

f: 16-18 yrs. Femoral head
a: 4-6 mos.

f: 16-18 yrs.

Greater
trochanter
a:2-5yrs.

f: 16-18 yrs.
Lesser
trochanter
a: 8-12 yrs.
f:16-18 yrs.

Ischial
tuberosity
a: 12-15 yrs.
f: 19-25 yrs.

Figure 12.3 Secondary centers of ossification of the hip and pelvis.
a, Average age of appearance; f, average age of fusion. (Redrawn with
permission from Paletta GA Jr, AndrishJT: Clin Sports Med
1995;14:591-628,)

For this reason, it is critical that, before either examination, the
pelvis should be level and stabilized by the hand of the
examiner. Internal and external rotation can be assessed easily in
this position by simply turning the foot of each extended leg
(Figure 12.64 and B). This can also be tested by flexing
the patient's knees to 90 degrees and rotating the lower leg
around the vertical axis of the femur. If done in this fashion, it is
important to remember that, when the lower leg is outwardly
rotated, it is the internal rotation of the hip that is being assessed;
likewise, with inward rotation of the lower leg, the external rotation
of the hip is tested (see Figure 12.6C). Hip extension is best tested
with the patient in the prone position. The patient flexes the knee
of the leg that is to be examined; the examiner then lifts this leg
with one hand while using the other to stabilize the pelvis
(Figure 12.7).

Palpation

Palpation includes the musculature and the tendon origin and
insertion sites both on the pelvis and more distally on the lower
extremity, the bursae, the apophyses, the sacroiliac joints, and the
pubic symphysis. Careful attention should be paid to any snapping
or clicking sensations while guiding the patient through range of
motion and special testing. For this reason, it is recommended that
whichever hand is not guiding the patient through the desired
motions be placed over the hip joint that is being assessed. This
can also provide the patient with an added sense of stability
because some of the tests can create some slightly precarious
positions. Snapping or clicking may be from a relatively benign
overlap of a tendon and a bony prominence, or it might be a sign
of an intra-articular lesion, such as a loose body.'' Chapter 30
discusses the causes of a snapping hip in more detail.

Neurologic testing

The neuromuscular examination is an integral part of the evalua-
tion of hip and pelvis complaints. As was discussed previously, the
hip and pelvis are foci for nerves that innervate the groin and the
lower extremities. For this reason, even in cases in which nerve
involvement is not immediately suspected, a basic assessment
should still be performed to ensure that a lack of optimal neuro-
logic or muscular function is not the cause or the effect of other hip
pathology. Reflex and sensory testing of the distal extremities
should be completed, especially in athletes who present with
weakness or suspected nerve involvement. Next, strength testing
of the cardinal muscle groups is performed, including the flexors
(iliopsoas, rectus femoris), the extensors (gluteus maximus, ham-
strings), the abductors (gluteus medius and minimus), and the
adductors (adductor longus, adductor brevis, adductor magnus,
pectineus, gracilis). Flexion strength can be tested by having the
patient sit on an examination table with the lower legs hanging
over the side (i.e., the knees bent to 90 degrees). The examiner
should place a hand over the patient’s thigh near the knee and
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Table 12.3 Normal Parameters for Hip Range of Motion

Motion Flexion Extension Abduction

Adduction Internal Rotation External Rotation

Range in degrees 110-120 0-15 30-50

30 30-40 40-60

Adapted from Seidenberg PH, Childress MA: J Musculoskel Med 2005;22(5):246-254.

instruct the patient to raise the leg off of the table against the
examiner’s hand. Extension can be evaluated by instructing
the patient to assume a prone position and then to lift (extend)
the leg off of the surface behind him or her against resistance
placed just above the knee as well. Both adduction and abduction
can be assessed by having the patient fully extend his or her legs
in the supine position. From this position, resistance can be placed
outside the malleoli as the patient attempts to separate the legs
(abduction) and then along the medial malleoli as the legs are
brought back together (adduction). To isolate more subtle deficits
in abduction and adduction, it has been found to be helpful
to perform the test with the patient lying in a lateral position
with the hips in a neutral position and the knees fully extended.
The patient then abducts the top leg approximately 30 degrees
and resists the examiner’s efforts to abduct and then adduct
the leg.

The examination components described previously can provide a
good basis for further evaluation. On the basis of the findings of
the history, observation, palpation, and range-of-motion testing,
one can often accumulate a number of clues to the diagnosis.
The following tests are designed to help the examiner with nar-
rowing down the differential diagnosis. Although there is certainly
crossover with regard to the specificity of each examination, pat-
terns of positive and negative findings on these tests are very help-
ful for identifying particular disorders.

Trendelenburg’s sign (Figure 12.8)

Trendelenburg’s sign is used to evaluate for gluteus minimus
weakness or, less commonly, hip joint instability. This examination
involves asking the patient to stand comfortably on both feet and

Figure 12.4 Abduction.

then to stand on one foot without using additional support. In a
normal hip, the non—weight-bearing side will be slightly raised or
parallel with the weight-bearing side, whereas a positive test
results when the pelvis on the opposite side drops. When the
body weight is transferred to the single leg, the hip abductors
(including the gluteus medius) contract to keep the body in line.
Both the weakness of the abductors and the instability of the hip
(as a result of the significant increase in the amount of tension on
the bony structures) could result in an inability to maintain this
abduction, and this would allow the contralateral hip to fall.' If the
only way that the patient is able to keep the pelvis level is by
lateral flexion of the torso, it is considered a compensated positive
test (see Figure 12.80).

The Flexion, ABduction, and External Rotation
test

The flexion, abduction, and external rotation (FABER) test is also
known as Patricks test or Jansen's test, and it is used to
better isolate pathology to the hip joint or the sacroiliac joint or
to isolate spasm to the iliopsoas muscle. This test is performed on a
supine patient who has both legs fully extended and relaxed.
The leg on the affected side is flexed, abducted, and externally
rotated so that the foot rests on the unaffected leg, around the knee
(Figure 12.9). The examiner applies gentle downward pressure
on the knee of the test leg. With a positive test, the patient will be
unable to complete this movement as a result of pain or limitation
of mobility (remember to fully assess the range of motion for each
individual movement separately as well; if there are known
limitations in any of the movements alone, the test can be less
specific).*'" Broadhurt and Bond'* found patient pain at
the sacroiliac joint while performing the maneuver to have a sen-
sitivity of 0.77 and a specificity of 1.0 for sacroiliac dysfunction
(LOE: A).

Figure 12.5

Adduction.
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Figure 12.6 A, Hip internal rotation with the knees extended. B, Hip external
rotation with the knees extended. C, Hip external rotation with the hip and knee in
C flexion.

Ober’s test (Figure 12.10)

Ober’s test is used to evaluate the trochanteric bursae and the tensor
fasciae latae, which is contiguous with the iliotibial band. The
patient should be instructed to lie on his or her side, with the
affected leg up. The hips and knees should each be flexed to 90
degrees. The top hip should be brought passively into further flex-
ion by the examiner and then guided into abduction and extension
until the thigh is in line with the trunk. The leg should then be
allowed to adduct passively into a neutral position. A positive test
will result in the leg remaining in relative abduction, whereas, with a
negative test, the subject may even be able to rest his or her knee on
the table without discomfort."” Inability to adduct may result from
excessive tightness in the tensor fasciae latae and the iliotibial band.
The provocation of focal pain at the area overlying the greater
trochanter suggests trochanteric bursitis. Ober’s test and its modifi-
cations have been found to have an intra-examiner reliability of 0.91
and an inter-examiner reliability of 0.73 to 0.91'“' (LOE: D).

Thomas’ test

To test the flexibility of the hip flexors, specifically the iliopsoas,
the Thomas’ test'” is used. The patient lies supine and flexes
one hip, pulling one knee to the chest. If a hip flexion contracture
Figure 12,7 Extension. is present, the contralateral straight leg will rise off of the table.
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Figure 12.8 A, NegativeTrendelenburg’s sign. B, Positive Trendelenburg’s sign. C,
Positive compensated Trendelenburg’s sign.

Figure 12.9 The flexion, abduction, and external rotation test. Figure 12.10 Positive Ober’s test.
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The modified Thomas’ test (Figure 12.11) may be preferred.
With this variation, the patient sits at the end of the examination
table with the knees flexed to 90 degrees. Next, one knee is pulled
tight to the chest. The patient is instructed to lie down while
maintaining the knee against the chest. If a hip flexion contracture
is present, the contralateral leg will rise off of the table. If a
rectus femoris contracture is present, the contralateral knee will
extend.

Piriformis test

The piriformis test'® involves the patient again being on his or
her side, with the upper leg flexed to 60 degrees. With one hand
stabilizing the patient at the ipsilateral shoulder, the other hand is
used to press down on the flexed leg at the knee (Figure 12.12).
This maneuver is also called the FAIR test (flexion, adduction, and
internal rotation).'” Because the sciatic nerve can bisect, run
above, or run below the piriformis muscle, spasm or tightness of
the piriformis is theoretically capable of impinging the sciatic nerve
and producing pain in the sciatic distribution. If the patient
describes the classical “shooting” pain during the examination,
the test is considered positive. However, because the maneuver
creates pressure at the hip joint, pain can be elicited from other
causes. As such, it is important to clarify the location of the pain
that is provoked by the test. For patients with electrodiagnostically

Special tests @

Figure 12.11 A, Starting position for modified Thomas' test. B, A negative
modifiedThomas' test. C, A modified Thomas' test that is positive for iliopsoas and
rectus femoris contracture.

Figure 12.12 Piriformis test.
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confirmed sciatic nerve impingement at the piriformis muscle,
Fishman and Zybert® found this test to have a sensitivity of
0.88 and a specificity of 0.83 (LOE: B).

Log roll test

By passively internally and externally rotating the fully extended
leg of a supine patient, the log roll test”' can help evaluate the
possibility of an acetabular injury or a femoral neck fracture. This
test can be done easily, and it requires little effort on behalf of the
patient or the examiner. In cases in which significant injury is
suspected, this test can offer a rough assessment of the bony integ-
rity before further examination is pursued so that appropriate cau-
tion may be taken.

The Stinchfield test

The Stinchfield test is also performed with the patient in a supine
position. This involves the patient fully extending both the hips
and the knees and then flexing the affected hip to approximately
20 degrees. The patient should be instructed to hold this position
as the examiner places downward pressure on the distal end of the
affected leg (Figure 12.13). Pain elicited with this test at the ante-
rior hip or groin suggests a fracture of the femoral neck, acetabular
injury, or osteoarthritis.**

The Ely test (Figure 12.14)

The Ely test can be used to assess tightness of the rectus femoris
muscle. The patient should lie prone with both legs fully extended.
The examiner passively flexes the knee to the end of its range of
motion, and the ipsilateral hip is observed to see if it lifts off of the
examination table. If hip flexion does occur, the test is considered
positive for rectus femoris contracture. Care should be taken to
avoid any rotation of the hip or extension of the hip joint because
this can elicit pain from other pathologies and diminish the value
of the examination."”

The straight leg raise test

The straight leg raise test can be used to help differentiate pathol-
ogy of the hip from that of the buttock. With the patient lying
supine, the examiner passively raises (flexes) the leg in question
with the knee fully extended. If there is pain present and flexion is
limited, then the knee should be flexed and further flexion of the
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|

R

Figure 12.13 Stinchfield test.

Figure 12.14 Ely test.

hip attempted. If hip flexion is unchanged after flexing the knee,
this suggests that the pathology may be in the buttock rather than
the hip. This would include diagnoses such as an abscess or ischial
bursitis. Radiating pain distally on the flexed side can indicate
sciatic nerve compression, although this may be less specific in
many cases™ (LOE: D).

Leg-length assessment

Leg-length is an important part of a hip pain evaluation,”* because a
leg-length abnormality may be the cause or the effect of the athlete’s
hip pain. Although there is debate in the musculoskeletal literature
regarding the value of physical examination alone to diagnosis ana-
tomic leg-length inequality,®” the ability to detect the presence of a
functional leg-length discrepancy will enable the examiner to com-
plete a more thorough evaluation of the athlete’s kinetic chain. A few
of the most clinically practical techniques will be discussed here. In a
standing patient, it is critical to ensure that the patient is standing with
his or her feet comfortably apart (typically 6 to 8 inches) and not
favoring one leg over the other, which would result in asymmetric
abduction and adduction. The measurement of each side can be
taken from the anterior superior iliac spine (ASIS) to either the
medial or lateral malleolus, as long as both sides are measured to
the same point.'® The weaknesses of this method of measurement
include the difficulty with ensuring a perfectly flat pelvis (because
most patients who present with a hip complaint will preferentially
shift weight away from the affected hip) and the possibility of inter-
ference in straight-line measurements by differing amounts of
muscle mass or fat tissue. Also, when the measurement spans the
entire length of the hip, the leg, and the lower leg, it is impossible to
isolate any areas of focal discrepancy.

The Weber—Barstow maneuver

As an alternative for both patient comfort and technical reliability,
the Weber—Barstow maneuver'’ may be used. This involves
having the patient lie on his or her back with both knees and
hips flexed. With the feet close together, the patient resets the
pelvis by lifting it slightly off of the table and then gently lowering
it back onto the table (Figure 12.154). By maintaining the mal-
leoli at equal points, the patient can be examined at the knees to
judge any length discrepancy. Although a discrepancy is more
overt if one knee rises above the other, it is also helpful to inspect
at the knees from the side and to look for any anterior or posterior
displacement of the knees in relation to one another. The examiner
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Figure 12.15 A, Resetting the pelvis for leg-length evaluation. B, Measuring position for Weber—Barstow maneuver.

then passively extends the knees, places his or her thumbs under
the medial malleoli, and compares the positions of the thumbs (see
Figure 12.15B). Differing thumb levels equate with possible leg-
length inequality. The authors also find it helpful to compare
thumb placement below the inferior poles of each patellae and
below the anterior superior iliac spines.

Prone knee flexion test

As a follow up to the Weber—Barstow maneuver when leg-length
inequality is suspected, the authors then do a prone knee flexion
test.'” This test is performed with the patient prone and the knees
flexed to 90 degrees. The clinician’s thumbs are placed transver-
sely over the soles of the feet just distal to the calcaneus, and the
heights of the thumbs are compared. If one side is lower, then that
tibia is likely shortened (Figure 12.16).

Supine-to-sit test (long sitting test)

To assist with differentiating a true leg-length discrepancy from a
functional one, the supine-to-sit test (long sitting test) is used. The
patient lies supine with the legs straight, and the medial malleoli
are lined up by the examiner. The patient is then asked to sit up

while keeping the legs straight in front of them. The examiner
watches the medial malleoli to see if one leg moves more proxi-
mally than the other (Figure 12.17); this finding suggests that the
pain is caused by pelvic dysfunction or malrotation.

Standing flexion test

Another method of evaluating pelvic dysfunction is the standing
flexion test.”® With the patient standing, the examiner palpates the
posterior superior iliac spine. The patient is asked to maximally
bend forward. If one posterior superior iliac spine moves more
cranially, it is considered positive for ipsilateral sacroiliac joint
hypomobility. Studies have found this test’s inter-examiner relia-
bility to be 0.32 to 0.68*">! (LOE: D).

Gillet’s test

Gillet's test®” also examines for sacroiliac dysfunction. The patient
stands with the feet approximately 12 inches apart, and the
examiner’s thumbs are placed on the posterior superior iliac
spines. The patient stands on one leg while pulling the opposite
knee to the chest. The test is then repeated with the opposite leg
(Figure 12.18). The test is positive if the posterior superior iliac

Figure 12.16 Prone knee flexion test. (From Magee DJ: Orthopedic Physical Assessment, 4th ed. Philadelphia, WB Saunders, 1997, p 630.)
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Figure 12.17 Long sitting test. (From Magee DJ: Orthopedic Physical Assessment, 4th ed. Philadelphia, WB Saunders, 1997, p 590.)

spine on the side of the flexed hip moves minimally or up; the
ipsilateral sacroiliac joint is then considered hypomobile. Dreyfuss
and colleagues® found this test to have a sensitivity of 0.43 and a
specificity of 0.68 (LOE: B).

Figure 12.18 Gillet’s test. (From Magee DJ: Orthopedic Physical
Assessment, 4th ed. Philadelphia, WB Saunders, 1997, p 587.)

Gaenslen’s test

Gaenslen’s test’® is also used to evaluate for sacroiliac disor-
ders. The patient lies supine with both knees pulled up to the
chest. The patient is positioned such that the test leg is able to be
extended beyond the edge of the table. Pressure may be applied
to the flexed leg while the extended one is stabilized (Figure
12.19). Pain at the sacroiliac joint is considered a positive result.
The sensitivity in studies has ranged from 0.21 to 0.71, with
specificities between 0.26 and 0.72 L32 (LOE: B).

Craig’s test
Craig’s test®® can be used to estimate the degree of femoral ante-
version. Femoral anteversion is the amount of forward projection

Figure 12.19 Gaenslen’s test.
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Figure 12.20 Craig's test.

of the femoral neck. This is a normal finding, with average angles
of between 8 and 15 degrees in adults and values closer to 30 to
40 degrees in infants. In excessive cases, which are usually seen
in a pediatric population, patients can encounter additional
difficulties. Although it is markedly less common, retroversion
may also be problematic. The examination is performed on
a supine patient with the pelvis on a flat and firm surface. The
knee of the side in question should be flexed to 90 degrees,
and the examiner should palpate the posterior aspect of the
greater trochanter. Contact with the trochanter is maintained
as the leg is rotated internally and externally, feeling for the
point at which the trochanter becomes parallel with the examina-
tion surface. At this point, the degree of anteversion can be
approximated by the angle of the leg from the vertical position
(Figure 12.20).

Pathology of the pubic symphysis can produce groin pain, and,
in athletes, osteitis pubis is a possible cause. By using passive
abduction as well as resisted adduction of the hip,?” the examiner
can help distinguish this condition from a wide variety of disorders
that could result in pain in the midline area of the groin. The
examination is performed by having the patient lie on his or her
side with both knees and hips flexed to 90 degrees. The patient
may passively abduct both legs, or he or she may be instructed to

Figure 12.21 Lateral pelvic compression test.

Figure 12.22 Fulcrum test for femoral stress fracture.

adduct against the resistance of the examiner. Pain at the pubic
symphysis with these movements is considered a positive test.

Lateral pelvic compression test

Additionally, the lateral pelvic compression test can be performed
with the patient in the same starting position (hips and knees
flexed to 90 degrees). The examiner then places direct downward
pressure over the greater trochanter (Figure 12.21). A positive test
will result in localized pain to the midline directly over the pubic
bone.?' As was discussed previously, cases of hip and groin pain
require the physician to maintain a wide differential diagnosis that
reaches far beyond musculoskeletal sources. Osteitis pubis serves
as a good reminder of this warning because there are a number of
concerning conditions that can produce pain in the pubic region,
such as urinary tract infections, abdominal pathologies, sexually
transmitted diseases, and other pelvic conditions.

Scour or quadrant test

The scour or quadrant test is a passive maneuver that is performed
with the patient supine. The examiner axial loads, flexes, and
adducts the hip to the end of its range of motion; in other words,
the knee will be pointing at the patient’s opposite shoulder. The hip
is then taken into abduction in an arc-like motion. A positive test is
any catching, pain, or apprehension with the maneuver; this is
suggestive of labral pathology or loose bodies within the hip
joint.'” This test is for the hip what McMurray’s test is for the knee.

Fulcrum test

The fulcrum test is used when there is a suspicion of a stress fracture
of the femoral shaft. The patient sits with the knees flexed over the
edge of the examination table with the feet not touching the ground.
The examiner’s forearm is placed under the thigh to be tested to act
as a fulcrum. The fulcrum arm is moved from proximal to distal as the
other hand applies downward pressure onto the ipsilateral flexed
knee (Figure 12.22). If a stress fracture is present, the patient will
experience sharp pain or apprehension during this test.'
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CHAPTER

Physical Examination of the Knee

Nicholas A. Piantanida, MD, and Nicole T. Yedlinsky, MD

KEY POINTS

+ The astute clinician must have a precise understanding of the
epidemiology and mechanism of sports knee injuries to obtain
an accurate and complete history and physical examination.

- The number of patients presenting with knee pain is on the rise
in the primary care setting as a result of increased activity
levels among all age groups and the rising prevalence of
obesity.

- The kneeis a complex structure, but itis inherently stable, and it
has limited vulnerabilities.

- The history will often give pertinent clues that will help guide
and focus the knee examination. However, certain maneuvers
should always be included in the examination.

+ Evidence-based medicine narrows a diverse differential
diagnosis by coupling individual examination maneuvers with a
specific diagnosis.

INTRODUCTION

Musculoskeletal conditions that affect an athlete’s knee and that
ultimately impair athletic performance can present in various ways.
An astute clinician must understand the patterns of disease and/or
the mechanisms of injury that present as knee disorders. The knee
examination should transition from a careful history to a meticu-
lous physical examination. This chapter describes an approach to
the knee examination that unites elements of critical thinking
regarding the presenting symptoms or the mechanism of injury
with the evidenced-based functional and manual examination of
the knee.

EPIDEMIOLOGY

In the primary care setting, approximately 1 in every 20 visits are
the result of knee pain."” Activity levels have increased at both
ends of the age spectrum, from the growing number of children
participating in organized sports to the baby boomer generation
holding onto exercise regimens.>* Special attention is warranted
during the assessment of the pediatric athlete with knee pain
because mechanical stress across the knee can injure the

epiphyseal growth plate or create a traction apophysitis, such as
is seen in cases of Osgood—Schlatter disease. The rising preva-
lence of obesity in the general population raises the necessity of
managing knee osteoarthritis at even younger ages, and it creates
new challenges in the management of chronic knee pain.

Acute knee pain accounts for more than 1 million emergency
department visits and more than 1.9 million primary care outpa-
tient visits annually.” Children and adolescent injuries reported by
Arendt and Dick® indicate that knee injuries account for 15% to
50% of all sports injuries and that girls are at higher risk than boys.
Data from the National Collegiate Athletic Association establish a
knee injury rate of more than one injury for every 10 female ath-
letes per year’ for approximately 13,000 knee injuries each year.
An estimated 28,000 knee injuries are statistically possible among
the 2.8 million female athletes annually at the high school level
because high school female athletes incur knee injuries at a rate
that is one tenth that of collegiate athletes.® In terms of season-
ending knee injuries, Chandy and Grana® showed that, as com-
pared with high school male athletes, female athletes have an
incidence that is 4.6 times higher (LOE: D).

ANATOMY

The knee is a complex structure that largely comprises soft tissue,
with the distal femur articulating with the proximal tibia. It is a
movable synovial hinge joint with limited vulnerabilities, and it is
inherently stable as a result of its musculoskeletal geometry. Its
structure permits flexion and extension in one axis for the most
part, but it also allows for a minimal amount of medial femoral
rotation with full extension. The ligamentous structures and
associated musculature provide more stability than do the
intrinsic compartmental shapes formed by its articular surfaces’
(Figure 13.1).

The static stabilizers of the knee include the bones, the menisci,
the ligaments, the capsule, and the articular cartilage. The patella is
the body’s largest sesamoid bone, and it is encapsulated superiorly
by attachments with the quadriceps tendon and inferiorly by the
patellar tendon. The patella forms a gliding articulation with the
patellofemoral groove, and it is anchored distally at the tibial tuber-
cle by the patellar tendon (see Figure 13.1). There exists asympto-
matic ossification anomalies that produce a bipartite or tripartite
patella in 1% to 4% of patients,'® and these are often incidentally
noted on radiographic examination. The distal femur comprises
the trochlea and the medial and lateral condyles. Much of these
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Figure 13.1 Anterior knee anatomy. ACL, anterior cruciate ligament; LCL,
lateral collateral ligament; MCL, medial collateral ligament; PCL, posterior
cruciate ligament. (From Brown JR, TrojianTH: Prim Care 2004;31:925-956.)

surfaces, as well as the underside of the patella and the proximal
tibia, are lined by a hyaline-rich articular cartilage. Many types of
collagen are present in articular cartilage. Type 2 collagen makes
up 90% to 95% of the collagen fibers.

Between the weight-bearing surfaces of the femur and the tibia
reside the crescent-shaped shock-absorbing menisci (Figure 13.2).
Meniscal tissue comprises primarily type 1 cartilage, and its

Medial
PCL meniscus

plateau

— >

Lateral
meniscus

Figure 13.2 Tibial view. ACL, anterior cruciate ligament; PCL, posterior
cruciate ligament. (From Brown JR, TrojianTH: Prim Care 2004;31:925-956.)

consistency is half as stiff as that of articular cartilage. The medial
meniscus is fibrously integrated with the medial collateral ligament
(MCL), which makes either vulnerable in the setting of injury to one
structure. For comparison, the lateral meniscus covers 20% more
tibial surface area, it is more circular in shape, and it is more loosely
attached, translating 9 to 11 mm on the tibia when the knee is flexed.
A discoid meniscus is a well-described anatomic variant (more com-
monly of the lateral meniscus), with an estimated incidence in the
general population of 3% to 5%; it is one of the causes of “snapping
knee syndrome.”'! The ligaments of Humphrey and Wrisberg are
accessory meniscofemoral ligaments that originate from the medial
segment of the lateral meniscus, with the former inserting anterior to
the posterior cruciate ligament (PCL) and the latter inserting poste-
rior to the PCL. An anterior transverse intermeniscal ligament joins
the menisci anteriorly.

The cruciate complex establishes anterior—posterior ligamen-
tous stability. The anterior cruciate ligament (ACL) provides
restraint on the tibia from gliding anterior to the femur. The PCL
provides restraint on the tibia traversing posterior to the femur.'?
When the knee is in full extension, the ACL serves as a secondary
restraint to internal rotation of the tibia. The ACL originates from
the lateral femoral condyle and is often described as two bands
(anteromedial and posterolateral, named for their insertion sites on
the medial tibia). The PCL originates from the lateral border of the
medial femoral condyle, and it inserts in the PCL facet or fovea.
The PCL’s cross-sectional area is approximately 50% greater than
that of the ACL at the femur and 20% greater at the tibia (LOE: C). 13
The PCL restrains external tibial rotation and also limits hyperex-
tension of the knee. As a result of its close anatomic proximity to
the posterolateral corner, the PCL acts as a secondary stabilizer of
posterior tibial translation. Furthermore, 60% of significant PCL
injuries are associated with a posterolateral corner disruption.*?

Tensile stress creating varus (medially directed) forces to the
knee are countered by the components of the posterior lateral
corner. The posterolateral corner comprises two overlapping
layers: superficial and deep. The iliotibial band (ITBand) and the
biceps femoris tendon construct the superficial layer. The deep
layer is more complex, and it includes contributions from the lat-
eral collateral ligament (LCL), the capsular structures (the mid third
lateral capsular ligament, the fabellofibular ligament, and the pos-
terior arcuate ligament), and the popliteus muscle complex, which
includes the popliteofibular ligament (Figure 13.3). The LCL is the
primary static restraint of the lateral knee. The LCL is taut at full
extension, and it becomes lax after 30 degrees of flexion. The soft
tissues along the lateral knee receive major contributions from the
lateral retinaculum and the ITBand. The ITBand originates from
the iliac crest and inserts on Gerdy’s tubercle on the anterolateral
aspect of the tibia. The ITBand contributes to lateral knee stabili-
zation only at full extension. With cyclic knee flexion, the ITBand
moves posteriorly, and the bicep femoris assumes dominant
dynamic stabilization of the lateral knee."* Furthermore, in the
overuse injured athlete, this posterior ITBand migration creates
traction stress maximally at 30 degrees of knee flexion, which
corresponds with the foot strike phase in the running gait. This
pain is distributed from Gerdy’s tubercle to the ITBand bursa that
rests over the lateral femoral condyle.®

Tensile stresses creating valgus (laterally directed) forces to the
knee are countered by static stabilizers that include the MCL and
the posterior oblique ligament. The MCL is anatomically divided
into several layers, with the superficial layer (extending 10 cm)
coalescing with the deep layer to form secure attachments to
meniscofemoral and meniscotibial surfaces. The posterior oblique
ligament has attachments to the medial meniscus and the medial
tibial joint line. The pes anserinus tendons (sartorius, gracilis, semi-
tendinosus), the vastus medialis, and the semimembranosus
muscle serve as dynamic constraints'* (Figure 13.4). The dynamic
stabilization occurs only when the muscles are activated. Pope and
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Figure 13.3 Lateral knee. The iliotibial band and superficial fascial layers
are removed, exposing the lateral collateral ligament and the arcuate
ligament. (From InsallJN, Scott WN: Surgery of the Knee, 3rd ed. Philadelphia,
WB Saunders, 2000.)

colleagues'® found that, after a valgus stress is applied, the pain

reflex arc is too slow to activate the dynamic stabilizers (LOE: B).

The dynamic stabilizers of the knee influence the patellofe-
moral joint significantly during the first 20 degrees of knee flexion,
when the knee is most vulnerable. After 20 degrees of flexion, the
bony and other static architecture is increasingly responsible for
patellar control. The medial patellar stability is passively generated
by the muscular attachment of the medial quadriceps: the vastus
medialis. The vastus medialis is functionally divided into two parts:
the vastus medialis obliquus and the vastus medialis longus. The
vastus medialis obliquus is active during knee extension solely to
position the patella centered in the trochlea of the femur. The
vastus medialis longus, the rectus femoris, and the vastus lateralis
function in concert to provide an anterolateral vector force while
executing knee extension.'”

The major flexors of the knee reside in the posterior thigh and
include the long and short heads of the biceps femoris, the semi-
tendinosus, the semimembranosus, and the adductor magnus
(Figure 13.5). Posterior knee pain can arise from acute tendon
strain or chronic injury resulting in tendinosis of any of the mus-
culotendinous structures in or about the popliteal fossa. Ganglion
cysts in the presence of tendon injury or a Baker cyst (popliteal

Adductor tubercle
Semimembranosus

Patellofemoral ligament Posterior oblique

Anterior joint capsule Semitendinosus

Superficial medial
collateral ligament

Figure 13.4 Medial knee.The sartorius is retracted to expose the
superficial medial collateral ligament and the anterior joint capsule. (From
InsallJN, Scott WN: Surgery of the Knee, 3rd ed. Philadelphia, WB Saunders,
2000)
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Figure 13.5 Posterior knee. (From InsallJN, Scott WN: Surgery of the
Knee, 3rd ed. Philadelphia, WB Saunders, 2000.)

synovial cyst) may also contribute to the pain. Some of the more
commonly injured structures posterolaterally include the lateral
head of the gastrocnemius, the biceps femoris, and the popliteus
tendons. Posteromedially, injuries to the semitendinosus and
semimembranosus tendons are more common. Although they
are unusual occurrences, strains or ruptures of the plantaris or
the medial head of the gastrocnemius muscle may also cause pos-
terior knee pain.'®

The popliteus muscle group courses medially from the lateral
femoral condyle to insert along portions of the medial tibia and the
fibular head. Electromyographic studies show that the popliteus
muscle serves as the primary internal rotator of the tibia and that,
during initial flexion from an extended position, it will “unlock”
the knee (LOE: C)."? The popliteus assists the quadriceps and the
PCL with maintaining normal tibial and femoral orientation. Hence,
downhill running or ragid deceleration activities put a fatiguing
stress on these groups.”

The posterior knee also contains the major neurovascular struc-
tures. The tibial nerve (L4-S3) and the common peroneal nerve
(L4-S2) both branch from the sciatic nerve in the proximal popli-
teal fossa. Tibial nerve compression by popliteal cysts or by hem-
orrhage associated with popliteal muscle rupture has been
reported.”’ Mastaglia** described six surgically proven cases of
tibial nerve entrapment by the tendinous arch of the origin of
the soleus muscle. The common peroneal nerve courses antero-
laterally and winds around the fibular head to enter the peroneal
or (fibular) tunnel. Within the tunnel, the nerve runs deep to the
tendinous origin of the peroneus longus muscle and rests against
the surface of the fibular neck. Common peroneal nerve compres-
sion can occur as the peroneus longus muscle contracts during
plantar flexion or inversion of the foot to compress the nerve
against the fibular neck. Peroneal nerve compression can occur
at rest with cross-legged sitting or prolonged squatting, with
activities that involve repetitive inversion or pronation of the
foot (e.g., running), and in occupations that involve repetitive
use of a pedal.”

The main vascular supply to the knee comes from branches of
the popliteal artery. The genicular branches supply the articular
capsule and the ligaments of the knee. They form a network of
anastomoses, and they are named as follows: lateral superior and
inferior, medial superior and inferior, and middle genicular
arteries. The middle genicular artery directly pierces the posterior
articular capsule to supply the ACL and the PCL.'* Popliteal artery
entrapment syndrome, which is an uncommon condition (pri-
marily of young men), results from exertional compression of
the popliteal artery and the medial head of the gastrocnemius
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Figure 13.6 Knee bursa. (From CanaleTS: Campbell's Operative
Orthopaedics, 10th ed. Philadelphia Mosby, 2003).

muscle or adjacent musculotendinous structures. Exertional com-
pression of the popliteal artery may occur during dynamic plantar
flexion or passive dorsiflexion and cause intermittent claudication,
an uncommon condition that is known as popliteal artery entrap-
ment syndrome**

Other soft tissues of the knee that cause disorders include the
many bursa that lubricate and cushion bony—tendinous surfaces
and the soft-tissue plicae that extend from either pole or lateral/
medial margin of the patella.”> Several of the bursa are depicted in
Figure 13.6 and include the prepatellar bursa, the pes anserinus
bursa, and the infrapatellar bursa. Additionally, Hoffa’s fat pad
below the infrapatellar bursa can serve as a source of pain from
impingement on extension. Hoffa’s fat pad impingement can
be confused with synovial proliferation syndromes such as pig-
mented villonodular synovitis.>

HISTORY

A careful history focuses the differential diagnosis and forms the
substance that a meticulous knee examination strives to further
develop or reproduce. The history should contribute to the assess-
ment of the knee examination in ways that draw attention to the
patient’s description of the knee pain or injury. Other matters of
age, skeletal maturity, prior injury/surgery, occupation, typical
physical activity, and gender are excellent core reference points
when assessing injury risk. For example, 80% to 90% of meniscal
injuries in childhood and adolescence occur during sporting
activities.*”

As with all injuries, significant diagnostic importance exists with
describing the mechanism of injury within the context of the anat-
omy. Specifically, the patient should describe the exact anatomic
position of the leg at the time of injury. Traumatic menisci injuries,
for example, occur in the setting of shearing forces that are created
when the patient plants a foot and twists or pivots on the leg.

Secondary forces may contribute to the injury; these include exter-
nal impact from a blow or other contact and stress in the form of an
unanticipated movement such as the lateral football tackle that
result in sprain or rupture of the MCL. The weight-bearing status
at the time of injury and intentional or unanticipated rotational
forces on the knee may injure specific structures. For example,
70% of ACL injuries are noncontact injuries and typically involve
an unintentional sudden deceleration, hyperextension, or twist.'?
PCL injuries, by contrast, occur either in the setting of forced
hyperflexion and a steady posterior compression of the proximal
tibia or a traumatic hyperextension injury that also involves the
posterior capsule.®® In every case, the patient’s recollection of
the immediate events causing the injury starts with the mechanism.

The onset of knee pain may be acute or insidious; its location
may be described as anterior, posterior, medial, or lateral. The
severity of pain at the time of injury may be quantified on a pain
scale (0 to 10) as well as by the degree of disability. An inability to
continue play or to bear weight represents a greater degree of
immediate disability. In every case, the examiner must delineate
the formation of two distinct injury patterns. In one group, there
exists a specific traumatic event that can be correlated with the onset
of symptoms and a change in the functional level. For example,
occult bone bruising or osteochondral lesions have been reported®
in up to 80% of patients who rupture their ACLs. This group
of athletes will have immediate impairment and potentially higher
pain scores. In a second group, there is an insidious onset of symp-
toms and often a slow gradual worsening of functional limitations. In
this second group, there exists a history of repetitive microtrauma
that follows periods of exercise with underrecovery, where under-
recovery is defined as inadequate time between exercise periods
for tissues to adapt or rebuild. Symptoms are worse with activ-
ity and improve with rest. In both groups, aggravating and alleviating
factors may be elicited from the history.*”

Mechanical symptoms include any sound or sensation of pop-
ping or tearing. Mechanical symptoms might present at the time of
injury or in association with the time course of the repetitive activ-
ity, such as 5 minutes into a run. ACL and PCL injuries are often
accompanied by a “pop” sensation. True locking of the knee may
present as a history of an inability to extend the knee that requires
manual reduction; it may also be evident on examination as a
persistent degree of flexion despite attempts to passively extend.
The term pseudolocking refers to moments when the knee catches
but manual reduction is not required. True locking is associated
with bucket-handle meniscal tears. Patients with meniscal tears
presenting subacutely will often report locking episodes and
increased pain with squatting or walking down stairs. Clicking in
association with flexion and extension is associated with numerous
knee pathologies, including meniscal injury, plicae, an osteochon-
dral defect, or degenerative disease.'*

Instability or giving way of the knee may result from anatomic
instability, or it may be the result of the inhibition of quadriceps
function occurring as a reflex against painful stimuli or activity.
Patellar instability may occur when patients with normal anatomy
are exposed to direct high-energy forces. However, Sallay and
colleagues® report that patellar instability occurs more commonly
when patients with abnormal anatomy are exposed to indirect
forces (LOE: B). These items of anatomic abnormalities include
vastus medialis hypoplasia, increased medial retinaculum laxity,
increased lateral retinaculum tightness, dysplastic patella, abnor-
mal sulcus angle, patella alta, lateralization of the tibial tuberosity,
a high Q angle, excess pronation, femoral anteversion, and general
ligamentous laxity.

Swelling or ecchymosis of the knee that is relatively immediate
(within 2 to 4 hours of the time of injury) likely represents hemar-
throsis. This may signify injury to a relatively vascular structure
such as the ACL, the MCL, the LCL, the extensor mechanism, or
the juxtacapsular (outer third) meniscus, or it may mean patellar



dislocation. Immediate swelling may also result from a tibial pla-
teau fracture or another fracture. Swelling that is delayed in onset
usually stems from synovial reaction or from injury to relatively
avascular ligamentous and/or cartilaginous structures. However,
significant swelling may not occur in the face of severe injury in
the presence of a capsular tear. Recurrent knee effusion after activ-
ity is indicative of meniscal injury, particularly in the older athlete
or in the patient with a previous ACL tear who has a degenerative
injury to the meniscus.”’

The tibial, common peroneal, and cutaneous nerves of the
knee may be injured by direct trauma (crush or transection), trac-
tion, mechanical or functional compression, or repetitive local
friction. A history of nerve injury or entrapment should identify
symptoms of nerve conduction interruption that result in impair-
ment of function (e.g., weakness, paralysis, and muscle atrophy
when motor nerves are interrupted); subjective sensations of
pain and paresthesia (e.g., numbness, tingling, burning, or
crawling sensation); and objective findings of analgesia and
anesthesia when sensory nerves are compromised. Almost any
peripheral nerve in the body can be compressed, but nerve-
signal interruption tends to occur at certain sites at which the
area around the nerve is more constrained, such as fibrous or
fibro-osseous tunnels. Compression injury can be acute, chronic,
or intermittent.*

When knee pain is nontraumatic and/or chronic in nature,
the history must focus on systemic diseases. A knee that is red,
swollen, warm, and painful suggests an inflammatory process
(Table 13.1), and the examiner needs to consider a diagnosis
of septic arthritis. Further questions should include an inquiry
of constitutional symptoms such as fever or chills and a brief
dialog about recent sexual activity. The knee is not exempt from
benign or malignant neoplasms. Additional appropriate review
of symptoms includes unexplained weight loss, night sweats, or
night pain.

Finally, the pertinent history should also include a description
of any previous trauma or injury, sports and work histories, history
of intervention and rehabilitation for prior injuries, and pertinent
medical history (see Table 13.1). In every case, a careful history
will advance the examiner’s diagnostic accuracy, which he or she
must then incorporate into the physical examination.

Table 13.1 Knee History Flow Sheet

Injury/trauma
Mechanism
Pain characteristics (location and severity)
Disability (weight bearing, activity limiting)
Time course of disease or swelling (acute or insidious)
Prior treatment
Medications
Physical therapy/rehabilitation
Surgical history
Work history
Sports history
Medical history and differential diagnosis for inflammatory knee disorders
Bursitis
Crystal-induced synovitis (gout)
Osteoarthritis
Seronegative spondyloarthropathies (Reiter's syndrome, rheumatoid
arthritis, inflammatory bowel disease, systemic lupus erythematosus,
psoriasis, septic arthritis, rheumatic fever, Lyme disease)
Family history
Pigmented villonodular synovitis
Rheumatoid arthritis
Systemic lupus erythematosus

Physical examination

Table 13.2 Knee Examination Flow Sheet

Inspection
Gait observation
Standing static examination
Range of motion
Active and passive
Palpation
Patellar assessment
Knee effusion
Retinacular tightness
Patellar compression
Plicae
Ligamentous stability
Medial collateral ligament
Lateral collateral ligament
Anterior cruciate ligament
Posterior cruciate ligament
Special tests
Menisci
lliotibial band
Flexibility
Neurovascular examination
Referred pain
Kinetic chain

PHYSICAL EXAMINATION

The examination is guided and narrowed by the history. Certain
examination maneuvers should be performed on all patients
because they form the basis for further maneuvers and they help
the examiner to assess for the extent of injury suspected from the
history. Knees with acute injuries and those with a single finding
are significantly easier to diagnose on the basis of the clinical
examination alone.>® Without exception, the examiner must
ensure that the patient is adequately exposed from the waist
down; a gown or drape may be used, if needed. The examination
sequence encompasses inspection, range of motion, palpation,
patellar assessment, ligamentous stability, special tests, and assess-
ment of the kinetic chain for associated factors and referred pain
(Table 13.2).

Inspection

Inspection of the knee begins with the initial observation of the
patient’s gait when he or she enters the examination site. Ideally,
this should involve at least 15 feet of ambulation. The examiner
documents abnormalities of movement (e.g., shuffle, ataxia, or
painful limp) and notes dynamic motion from the hips to the
feet. These points of reference will assist with the identification
of abnormal hip motion, excessive genu varus or valgus, ankle
deformity, or foot overpronation. With the patient in the standing
position, observe him or her for any visible static malalignment to
include excessive knee varus or valgus and unusual patellar posi-
tion (e.g., squinting with medial displacement). The skin is
inspected for erythema, ecchymosis, and scars from previous
injury or operative management. Any obvious asymmetry of land-
marks and musculature is noted. The popliteal fossa is inspected
from a posterior and lateral position for asymmetry and for dis-
crepancy in the degree of the standing popliteal angle.

Range of motion
With the patient in a seated position, the knees are evaluated for
active range of motion, and they are further evaluated for passive
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Figure 13.7 Lateral tracking orJ-shift. (Arrow denotes lateral translation at
full extension.)

range of motion when there is a reduction in the active range. The
normal range of knee flexion is 130 to 150 degrees; knee extension
is normally 0 to —10 degrees. During flexion and extension of the
knee, the examiner should evaluate for crepitus. Patellar tracking is
observed in flexion and extension for evidence of maltracking,
such as a lateral glide or a J-shift as the knee reaches full extension
(Figure 13.7). Comparison of each of the above should always be
made with the contralateral knee.

Palpation

The knee is palpated with the patient in the seated position for
point tenderness to anterior, lateral, medial, and posterior struc-
tures (Figure 13.8). Point tenderness can accurately determine the
location of a lesion 78% of the time (LOE-D)."* The affected knee is
also assessed for elevated temperature because infectious arthritis
will commonly present as acute joint pain with erythema and
warmth.

Patellar assessment

Brush, stroke, or bulge test

With the patient in the supine position, the knee is palpated to
evaluate for an effusion and to apply manual tests of manual knee
stability. Large knee effusions will often obliterate the normal
recesses lateral and medial to the patella. They also will result in
the knee assuming a resting position of 15 to 25 degrees of flexion,
which maximally allows the synovial cavity to hold fluid.
The presence of a small knee effusion is best assessed by a
brush, stroke, or bulge test. The examiner commences by milking
the synovial fluid proximally from the medial side of the patella
and into the suprapatellar pouch. With the opposite hand, the
examiner strokes distally from the suprapatellar pouch down the
lateral patella. The examiner may be able to feel a fluid wave by
tapping the index finger just below the lateral distal border of the
patella and feeling for the impulse on the medial side. Normally,
the knee contains approximately 1 to 7 mL of synovial fluid. This
test shows as little as 4 to 8 mL of additional fluid within the
knee.>

Patellar tilt and glide tests

The examiner may assess retinacular tightness in at least two ways.
The examiner performs the lateral patellar tilt test by applying the
forefingers to the lateral edge of the patella and creating a vector

Figure 13.8 Palpation of the knee.

force upward while the thumbs compress the medial edge
(Figure 13.9). An abnormal test occurs if the lateral aspect of
the patella fails to rise at least to a level that is horizontal to the
table; this is indicative of a tight retinaculum. Medial and lateral
patellar glide tests are also used to assess retinacular tightness. The
examiner performs each test separately by applying both thumbs
to push the patellar edge first medially and then laterally. The
examiner notes the degree of translation when applying minimal
translational force. Tightness of the lateral retinaculum is indicated
by the inability to translate the patella medially more than one
fourth of its width (2 cm). Hypermobility of the patella is indicated
when the examiner is able to translate the patella medially or lat-
erally by three fourths of its width or more (6 cm). The patellar
apprehension test indicates recurrent subluxation if the patient
feels instability with lateral patellar pressure. It is performed in
the same fashion as the lateral patellar glide test.

Patellar compression or grind test (Clarke’s sign)

(Figure 13.10)

The patellar compression or grind test (Clarke’s sign) suggests the
presence of patellofemoral dysfunction. The examiner performs
the patellar compression test by placing the web of the hand
over either the proximal or distal pole of the patella. The patient

Figure 13.9 Patellar tilt test.



Figure 13.10 Patellar compression or grind test.

is asked to contract the quadriceps muscles while the examiner
pushes down on the patella directly. A negative test produces no
pain. If this action produces pain and the patient cannot hold the
contraction, then the test is considered positive. Ideally, this test is
performed with a slight 15-degree to 20-degree knee flexion so
that the patella is anatomically set in the trochlear groove.

In the knee, plicae are embryologic tissue folds that are occa-
sionally a source of strain or that form a nidus for the growth of
inflammatory tissue. On examination, plicae are palpable along the
medial/lateral retinaculum and in the infrapatellar region. Some
plicae are symptomatic and are tender fibrous bands that “snap”
or “pop” over the femoral condyle as the knee is passively flexed
and extended. These can mimic meniscal tears, but they are
superficial.

Vastus medialis obliquus isometric strength test

(Figure 13.11)

The assessment of patellar and knee function is completed with
quadriceps, hamstring, and hip muscle strength testing. While the
patient remains in the supine position, each of these muscle
groups should be tested. See Table 13.3 for muscle test grading.
To assess anterior knee pain, the examiner should isolate the
vastus medialis obliquus by rotating the foot laterally while the

Figure 13.11 Vastus medialis obliquus isometric strength test.

Physical examination @

Table 13.3 MuscleTest Grading

Grade Value

Movement

5 Normal  Full range of movement against gravity with maximal
resistance (100%)

4 Good Full range of movement against gravity with moderate
resistance (75%)

&k Fair + Full range of movement against gravity with mild
resistance

3 Fair Full range of movement against gravity (no resistance
applied; 50%)

2 Poor Full range of movement with gravity eliminated (25%)

Trace Evidence of minimal contractility but no joint movement
0 Zero No contraction palpated

knee is extended. The patient is asked to perform an isometric
quadriceps muscle contraction while the examiner applies
downward resistance on the anterior tibia, and a comparison
should be made with the opposite side. Pain with this quadri-
ceps test may be the most specific physical examination finding
in patients who have patellofemoral pain syndrome, with a spe-
cificity of 96% and a sensitivity of 40% (LOE: D).*>

Q-angle test

The Q-angle, or the patellofemoral angle, is the angle between the
quadriceps muscles and the patellar tendon. Both the hip and foot
must be placed in neutral positions. Applying the goniometer to a
midpoint on the patella, the examiner measures the angle formed
from lines created from the tibial tubercle and the anterior superior
iliac spines. Normal Q-angle measurements are 14 to 16 degrees
and 16 to 18 degrees for males and females, respectively. Femoral
neck anteversion and external tibial torsion increase the Q-angle.
Femoral neck retroversion and internal tibial torsion decrease the

Q-angle.

Ligamentous stability
Medial collateral ligament
Valgus stress test (Figure 13.12) The MCL is evaluated for
injury and laxity via palpation, passive range of motion, and the
valgus stress test. The patient will have tenderness to palpation

=z egy

Figure 13.12 Valgus stress test.
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Figure 13.13 Varus stress test.

along the course of the MCL. Pain may be elicited with passive
range of motion when flexing to more than 90 degrees and with
hyperextension. To perform the valgus stress test, the examiner
first stabilizes the joint with one hand palpating the knee along the
medial joint line and the entire length of the MCL. The examiner
evaluates the degree of laxity by holding the ankle with the other
hand and applying a valgus force to the knee while keeping the
ankle in a neutral position. The examiner performs the same
maneuver at 0 and 30 degrees of knee flexion; the flexed position
reduces static stabilization by the PCL and suggests PCL compro-
mise if increased laxity exists at 0 degrees.

MCL injuries are graded on a scale of 1 to 3. A grade 1 injury is
a stretch injury to the ligament without dissociation (0-mm to
5-mm opening), a grade 2 injury is a partial ligamentous disrup-
tion (6-mm to 10-mm opening), and a grade 3 injury is complete
MCL disruption (> 10-mm opening).

Lateral collateral ligament

Varus stress test (Figure 13.13) Injury to the LCL is less
common than that of the MCL, because the lateral stabilizing com-
plex is less anatomically vulnerable than the MCL. Therefore, it is
commonly associated with significant injury to other static knee
stabilizers, such as the ACL, the PCL, and the arcuate ligament
complex, of which it is a component.'” The LCL is evaluated for
injury in a similar manner to the way the MCL is and via the varus
stress test. The patient notes tenderness along the course of
the LCL. The varus stress test is performed in a similar manner to
the valgus test for the MCL. The examiner repeats the test at
0 degrees and 30 degrees of knee flexion to disengage PCL con-
tributions to the stability. The examiner stabilizes and palpates the
joint with one hand while evaluating LCL laxity by holding
the ankle with the other hand and applying a varus force to the
knee."* LCL injuries are graded on a scale of 1 through 3 (as
the MCL injuries are).

The anterior drawer test used to evaluate the ACL may demon-
strate a grade 3 LCL injury. The patient is assessed with the
knee flexed to 90 degrees and with the tibia placed in internal
rotation. An anteriorly directed drawer force is then applied to
the proximal tibia; the lateral tibia rotates anteriorly with a grade
3 LCL tear.”?

Anterior cruciate ligament
Anterior drawer test (Figure 13.14) The integrity of the ACL is
assessed with the anterior drawer test, Lachman’s test, and the

Figure 13.14 Anterior drawer test.

pivot shift test. The anterior drawer test is performed with
the patient supine and the injured knee flexed to 90 degrees.
The examiner stabilizes the foot in a neutral position and,
with the thumbs placed at the tibial tubercle, applies an anterior
force to the proximal tibia (see Figure 13.14). If the ACL is torn,
the tibia will subluxate anteriorly from the neutral starting posi-
tion. The anterior drawer test has a sensitivity of 48% and a
specificity of 87% (LOE: D).!

Lachman’s test (Figure 13.15) Lachman’s test is the single best
test for assessing the integrity of the ACL, with a sensitivity of 87%
and a specificity of 93% (LOE: D).! The patient is again supine,
with the injured knee flexed 20 to 30 degrees. The examiner uses
one hand to stabilize the distal femur while the other hand grasps
the proximal tibia. An anterior force is applied to the proximal tibia
in an attempt to sublux the tibia. The modified Lachman’s test
incorporates the examiner’s knee below the patient’s posterior
thigh to serve as the anchor. The test is positive if there is excessive
anterior translation of the proximal tibia (at least 3 mm greater than
the uninjured side) and a lack of a firm end point. Grading of ACL
laxity is described as 1 through 3, as for the MCL.

Pivot shifttest The pivot shift test to check for ACL tear requires
good relaxation, and, therefore, it is best performed on the sideline
before swelling and stiffness occur in the injured patient. It is
performed with the patient supine and the knee fully extended.
The foot and tibia are internally rotated, and a mild valgus stress is
applied while the knee is gently flexed. At approximately
30 degrees, the tibia tends to subluxate anteriorly if the ACL is
torn. The tibia will reduce on return to neutral. The sensitivity
and specificity of the pivot shift test are 61% and 97%, respec-
tively.! The pivot shift test has the highest positive predictive
value of the three ACL tests (LOE: D).!?

Posterior cruciate ligament

Posterior drawer test Patients with PCL injuries will more often
present with vague symptoms or disability, and they are not as
likely to describe an acute event. Inspection may reveal tibia vara,
external rotation, and genu recurvatum as compared with the
uninjured knee. Tenderness to palpation of the posterolateral
knee and a joint effusion are often present with PCL injuries.
Injury to the PCL may be noted on examination via stability testing
by the posterior drawer test. The posterior drawer test is con-
ducted with the patient in the supine position. The knee is



Figure 13.15 A, Lachman's test. B, Modified Lachman’s test.

flexed to 90 degrees, with the foot stabilized on the table. Force
is applied to the anterior tibial plateau in a posterior direction,
and the degree of laxity is noted. PCL injury is graded as 1
through 3 (as for the MCL). The posterior drawer test is the
most sensitive (90%) and specific (99%) test for the diagnosis
of PCL injuries (LOE: D)."?

Posterior sag or gravity sign The posterior sag or gravity sign
is evaluated with the patient supine and with both knees and hips
flexed to 90 degrees. The examiner holds the patient’s legs and
inspects them from a lateral direction to look for posterior tibial
translation in the affected knee. The sensitivity of this finding is
79%, and the specificity is 100% (LOE: D).*?

The varus and valgus stress tests as described for the evaluation
of the MCL and LCL may be positive for PCL injury; this is most
notable when the tests are performed in the setting of a concom-
itant collateral ligament injury.

Dial test (Figure 13.16) The dial test is used to assess posterolat-
eral knee instability. Veltri®** and Warren describe this test with the
patient in the supine position, the foot/tibia passively drawn over

A

Figure 13.16 DialTest at 30 degrees (A) and 90 degrees (B).
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the side of the table, and the femur stabilized on the table. The
examiner passively rotates the tibia laterally on the femur first at
30 degrees of knee flexion and then at 90 degrees of knee flexion.
A comparison is made with the uninjured side. Compare the injured
side with the uninjured side. If the affected tibia rotates more at
30 degrees, an isolated posterolateral injury is more likely. If the
involved tibia rotates more at 90 degrees, injury to the PCL is likely.

Menisci

Meniscal injury produces a small effusion and joint line tenderness.
The four specifically studied methods to detect meniscal injuries
are McMurray'’s test, the joint line tenderness sign, the Apley com-
pression test, and the “bounce home” test.

McMurray's test (Figure 13.17)

McMurray’s test is performed with the patient supine and
relaxed. The examiner grasps the patient’s heel with one
hand and the joint line of the knee with the other hand. The
knee is flexed maximally, with external tibial rotation (medial
meniscus) or internal tibial rotation (lateral meniscus). The knee
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A B

Figure 13.17 McMurray’s test of the lateral meniscus (A) and the medial meniscus (B).

Figure 13.18 The Apley compression test (medial meniscus).

Figure 13.19 The start () and finish (B) of the “bounce home” test.
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Figure 13.21 The modified Noble test in flexion (A) and extension (B).

is brought to full extension while maintaining rotation. A positive
test produces a pop or click. Pain in a reproducible portion of
the range of motion is described as part of McMurray’s test.
McMurray’s test is specific (97%) but not very sensitive (52%)
(LOE: D).!

Joint line tenderness sign

To check for joint line tenderness, the knee is first flexed to
90 degrees, with the patient supine. Joint line tenderness can
also be assessed with the patient’s knee hanging over the edge
of the examining table, with a slight downward distracting force
applied to the ankle. The joint line between the femur and the
tibial condyles is palpated medially and laterally. The presence of
pain on palpation is a positive finding. In contrast with McMurray’s
test, the joint line tenderness sign is sensitive (76%) but not very
specific (29%) (LOE: D).’

Apley compression test (Figure 13.18)

The Apley compression test is performed with the patient in a
prone position. The knee is flexed to 90 degrees, and a downward
axial load is applied to the tibia while internally and externally
rotating the tibia. A painful pop over the medial joint line is pos-
itive for a medial meniscal injury; a painful pop over the lateral
joint line is positive for a lateral meniscal injury. The sensitivity of
the Apley test ranges from 16% to 58%, and the specificity ranges
from 80% to 82% (LOE: D).

“Bounce home” or spring test (Figure 13.19)

The “bounce home” or spring test is performed with the patient
supine and the heel cupped in the examiner’s hand. The knee is
allowed to passively extend from 30 degrees of flexion while the
examiner supports the lower extremity. The test is positive if the
knee does not reach full extension or if it has a springy end feel.
Pain with this maneuver suggests meniscal injury.

lliotibial band

Ober’s test (Figure 13.20)

Patients with ITBand syndrome will often have tenderness to
palpation of the lateral knee approximately 2 cm above the
joint line, which will frequently worsen when the patient is stand-
ing and when the knee is flexed to 30 degrees. Ober’s test is used
to assess the flexibility of the ITBand. It is performed with the
patient in the lateral decubitus position on the untested leg, with

the hip at the 90-degree position. The examiner stands behind the
patient and grasps the top leg. The knee is flexed 90 degrees, and
the hip is abducted and extended. The limb is allowed to passively
adduct by gravity. Normal is considered to be when the knee
drops level to or below the level of the examination table. This
maneuver may replicate the lateral knee pain of ITBand
syndrome. >

Noble compression test (Figure 13.21)

The Noble compression test is performed to demonstrate I'TBand
friction syndrome. The examiner positions the patient in the
supine position with the hip flexed and proceeds to flex the
knee 90 degrees while applying thumb pressure over the lateral
femoral epicondyle. While the pressure is maintained, the knee
is passively extended. A positive test is when the patient reports
pain at approximately 30 degrees of knee flexion.'> A variation
of the Noble compression test that may be more helpful is per-
formed with the patient in the lateral decubitus position on the
untested leg (as for Ober’s test). The examiner applies manual
pressure at Gerdy’s tubercle on the anterolateral aspect of the
tibia while passively flexing and extending the knee. Again, pain
symptoms are often most prominent when the knee is flexed to
approximately 30 degrees.

Flexibility

Thomas' test (Figure 13.22)

Flexibility of the major muscle groups of the lower extremities
should be assessed, particularly in the setting of an overuse
injury of the knee. Thomas’ test is used to assess quadriceps flex-
ibility and hip flexion contracture. It is performed by having the
patient lie supine with one hip and knee flexed and held against
the chest. The contralateral leg is allowed to hang off the end
of the examination table. If a hip flexion contracture is present,
then the leg will not remain flush with the table. The angle formed
between the involved leg and the examination table equals the
number of degrees of flexion contracture present.

Popliteal angle (Figure 13.23)
Hamstring flexibility is determined with the patient lying supine
and the hip held at 90 degrees of flexion. The patient is asked to
actively extend the knee, and a measurement is made of the popli-
teal angle using a goniometer. The normal range is less than 10
degrees short of full extension.””
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Figure 13.22 Thomas' test.

The flexibility of the ITBand is assessed using Ober’s test, as
described previously. Flexibility of the gastrocnemius—soleus com-
plex should be assessed because decreased dorsiflexion of the
ankle will often contribute to patellofemoral pain syndrome.

Neurovascular examination

The nerves that arise from the lumbar (L2-L5) and sacral (S2) spinal
roots provide sensation to the skin over the knee and the sur-
rounding areas. Decreased sensation of any of these dermatomes
should prompt the examiner to search for proximal neuropathy.
Posterolateral knee injuries will cause a common peroneal nerve
injury in 15% of patients.'” The examiner should assess for any
sensory changes and examine the strength of ankle dorsiflexion
and great toe extension.

Deep tendon reflexes of the lower extremities should be
assessed at the patellar and Achilles tendons. The patellar reflex
is mediated predominately through the L4 nerve root, although
L2 and L3 also contribute. The reflex is tested by having the
patient sit on the edge of the examination table with the legs hang-
ing free. The patellar tendon is located and tapped at the level
of the knee joint, and the reaction is compared with that of the
opposite side. The medial hamstring reflex is mediated by the

Figure 13.23 Popliteal angle.

L5 nerve root, with a contribution from S1. It is elicited by having
the patient lie supine with the hip slightly flexed, externally rotated,
and abducted. The examiner’s index finger is placed over the
medial hamstring tendon of the ipsilateral knee and struck with
a reflex hammer.®® The Achilles reflex is mediated primarily by
the S1 nerve root, although S2 is also involved. It is tested by briskly
tapping the Achilles tendon with the ankle and knee at 90 degrees
of flexion. The neurologic examination should be completed by
checking Babinski’s reflex to rule out an upper motor neuron
lesion.

Arterial pulses should be palpated at the popliteal, posterior
tibialis, and dorsalis pedis arteries to document distal perfusion.
This is particularly important in the setting of traumatic injury to the
lower extremity and in knees that are dislocated or that have
injuries to multiple ligaments. In combined ACL/PCL injuries,
14% of patients will have an associated vascular injury.'?

Referred pain

Knee pain can arise from the knee itself, or it may be referred from
conditions of the hip, the ankle, or the lower back. The nerves that
provide sensation to the knee come from the lower back, and they
also provide sensation to the hip, leg, and ankle. Pathologic con-
ditions of the hip in pediatric patients (particularly slipped capital
femoral epiphysis) commonly present as poorly localized knee
pain. Other conditions that may present as knee pain include
femoral neck fracture, avascular necrosis of the hip, and lumbar
disc herniation.

The kinetic chain

Patients who present with knee pain, particularly in the absence of
an acute knee injury, need to have a biomechanical evaluation of
the lower extremity kinetic chain because malalignment can lead
to dysfunction and pain. Inspection of the knee with the patient
standing straight may reveal genu varum (“bowed legs”), genu
valgum (“knock knees”), or genu recurvatum. The examiner
should examine the patient for leg-length discrepancy, pes
planus, and/or foot pronation. Excessive medial deviation of the
knee beyond the second toe during a one- or two-legged squat
indicates weakness of the hip abductors and external rotators.'
Hip pathology can be detected by testing internal and external
rotation in single planes; this is then followed by combined move-
ments such as the flexion, abduction, and external rotation test and
by passive movement of the hip quadrant (flexion, adduction, and
internal rotation). Patients should be asked about any previous
injuries because these may often result in kinetic chain dysfunc-
tion, particularly when rehabilitation has been inadequate.
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CHAPTER

Physical Examination of the Foot
and Ankle

Karl B. Fields, MD; Wesley R. Ibazebo, MD;
and Ryan E. Modlinski, MD

KEY POINTS

+ Anatomy, biomechanics, and gait are key components of the
examination of the foot and ankle.

- Structural changes in the foot reflect functional stress, and
they can often be identified on visual inspection.

+ Specific foot structures indicate a higher risk for sports injury
(e.g., cavus feet and highly pronated feet).

- Certain areas of the foot are at high risk for poor outcomes and
merit cautious examination after injury (e.g., the navicular and
Lisfranc’s joint).

INTRODUCTION

Clinical examination of the foot and ankle requires the assessment
of the complex anatomy, biomechanics, and gait of the individ-
ual patient. Static evaluation alone misses critical factors that
might interfere with the ability of the patient to stand, run, and
jump. In addition to standard examination techniques, visual
clues often suggest the correct diagnosis of many injuries.
Integrating the findings from observation, physical testing, and
gait assessment with an understanding of basic biomechanics
is the cornerstone of the correct diagnosis of ankle and foot
injuries.

FUNCTIONAL ANATOMY OF THE FOOT
AND ANKLE

The foot functions as the body’s only consistent contact point
with the ground. A complex part of the human body in form and
function, the foot has 26 major bones: 7 tarsals, 5 metatarsals,
and 14 phalanges. Anatomists divide the foot into three distinct
regions: (1) the hindfoot, which consists of the calcaneus and the
talus; (2) the midfoot, which has the cuneiforms, the navicular,
and the cuboid; and (3) the forefoot, which has the metatarsals
and phalanges.

The hindfoot incorporates the tibiofibular joint, the talocrural
(true ankle) joint, and the subtalar joint. Together, these structures
function to help support the body’s weight and the impact forces
that occur during walking, running, jumping, and standing. As
such, the talus and the calcaneus are strong, thick bones that tol-
erate impressive forces and form a stable attachment site for heav-
ily burdened structures such as the Achilles tendon and the plantar
fascia.

Midfoot bones provide the core of the foot arches. The navi-
cular lends stability to the medial longitudinal arch, the cuboid
provides the same for the lateral longitudinal arch, and the cunei-
forms in the middle of the foot give shape to the transverse arch.
The articulation of the hindfoot and the midfoot create the trans-
verse tarsal joint, which is also known as Chopart's joint. This joint
is a combination of the calcaneocuboid and talonavicular joints,
and rotation around the Chopart’s joint complex gives the foot its
ability to adapt to uneven surfaces. The midfoot also serves as an
attachment point for the tendons that facilitate inversion and
eversion.

The forefoot begins at the tarsometatarsal joint, which is also
known as Lisfranc's joint. Movement at this joint involves active
flexion and extension, which are the keys to effective push off for
running and jumping. For this motion to be effective, the long thin
bones of the metatarsals and phalanges must function as levers to
generate greater force.

The bones of the foot form two primary arches: (1) the longi-
tudinal arch, which runs from the calcaneus to the distal ends
of the metatarsals; and (2) the transverse arch, which extends
horizontally across the foot and consists of the cuboid, the cunei-
forms, and the metatarsals. The longitudinal arch is further divided
into a medial part, which includes the calcaneus, the talus, the
navicular, three cuneiforms, and three medial metatarsals, and a
lateral part, which is formed by the calcaneus, the cuboid, and
the fourth and fifth metatarsals. Ideally, the arches work like a
spring for energy dissipation. The medial arch is thicker than
the lateral arch to prevent hyperpronation during ambulation.
During weight bearing, the arches compress to absorb and distrib-
ute the load. Ligaments like the plantar calcaneonavicular ligament
(the spring ligament) and the short and long plantar ligaments
assist with this force distribution. The integrity of the arches
and their ability to absorb loads is maintained by the tight-fitting
articulations between the bones of the foot, the action of the
intrinsic foot musculature, and the strength of the plantar ligaments



and plantar fascia.! The configuration of the arches and of
Chopart’s joint allow the foot the mobility necessary to adjust to
landing on uneven ground surfaces and the rigidity to prepare for
push off.

The anatomic structure of the plantar fascia helps create the
solid platform that is necessary for propulsion. This aponeurosis
originates at the medial border of the calcaneus and attaches
distally to the capsule of the proximal phalanges. The plantar
fascia also crosses Chopart’s and Lisfranc’s joints, and it serves as
a passive restraint in addition to stabilizing the longitudinal arch.
In biomechanical texts, the plantar fascia is likened to a Spanish
windlass. Dugan and Bhat describe extension occurring at
the metatarsophalangeal joint before toe off, with the plantar
fascia tightening and pulling the calcaneal and metatarsal heads
together.” This movement increases the height of the longitudinal
arch, and it forces Chopart’s joint into a flexed position that creates
a solid structural support. The plantar fascia also serves as a trigger
for the gastrocnemius—soleus complex. The stretch of the apo-
neurosis sends electrical stimulation to the complex, thus enabling
it to fire.

The ankle or talocrural joint is a hinge joint that consists of the
tibia, the fibula, and the talus. Superiorly, the anterior and posterior
inferior tibiofibular ligaments and the interosseous membrane hold
the tibia and fibula together. These structures collectively are
known as the syndesmosis, and they stabilize the tibia and fibula
to form the mortise, in which the talus sits. The tibia and fibula
provide bony stability to the ankle joint as they extend down over
the talus and form the medial and lateral malleoli.> The longer
lateral malleolus provides greater bony stabilization, and it is sup-
ported by three relatively thin collateral ligaments: the anterior
talofibular, the lateral calcaneofibular, and the posterior talofibular.
The medial malleolus provides less bony restraint to injury, but it
has the broad-based deltoid ligament attached and fanning down
over the medial aspect of the rear foot to form a rigid structure that
resists excessive eversion or subluxation. The ankle joint has a true
synovial capsule.

The axis of rotation around any joint is perpendicular to the
plane of motion. The ankle lies predominantly in the frontal and
transverse planes, and, therefore, motion occurs in the sagittal
plane. This, along with the bony structure, limits movement at the
true ankle joint to predominantly plantarflexion and dorsiflexion.
The average range of motion at the ankle joint is 45 degrees, with up
to 20 degrees of dorsiflexion and 25 to 35 degrees of plantarflexion.*
Inman’ describes differences in dorsiflexion in the open versus the
closed kinetic chain of the ankle as it relates to the rotation of the
tibia. In the open kinetic chain, the tibia rotates externally, whereas,
in the closed kinetic chain, the tibia rotates internally.

The subtalar joint lies between the talus and the calcaneus, and
it is composed of three articular facets: anterior, middle, and pos-
terior. These separate articulations function as a single joint and
allow for the complex triplanar motions of pronation and supina-
tion. This composite motion is triplanar because it does not lie in
any one of the three cardinal planes. Dugan and Bhat* liken the
subtalar joint to an oblique hinge because of its unique configura-
tion. The subtalar axis averages 23 degrees (with a range of 4 to 47
degrees) from the sagittal plane, and 41 degrees (with a range of
21 to 69 degrees) from horizontal.® Mann® defined supination in an
open kinetic chain as plantarflexion, adduction, and inversion, and
he defined pronation in the open kinetic chain as
abduction, dorsiflexion, and eversion. In a closed kinetic chain,
however, pronation changes as abduction results in the internal
rotation of the tibia and the talus. With the foot planted, attempted
dorsiflexion causes talar head plantarflexion and calcaneal
eversion.®

The transverse tarsal axis (Chopart’s joint) is a transitional area
between the hindfoot and the midfoot. Motion at the joint consists

Running gait

of two axes that allow for pronation and supination. The longitu-
dinal axis is inclined 15 degrees from the ground and rotated
9 degrees medially from sagittal plane, and it provides eversion/
inversion and abduction/adduction. The oblique axis is inclined
52 degrees from the ground and rotated 57 degrees medially from
the sagittal plane, and it provides plantarflexion/dorsiflexion.”
With hindfoot eversion, the axes become parallel and allow for
pronation and increased motion within this two-joint complex.
With hindfoot inversion, supination occurs, and the axes converge,
which causes the joint complex to lock into rigid configuration.®
When examining ambulation, this mechanism defines why prona-
tion creates a flexible foot for shock absorption, whereas supina-
tion creates a rigid lever for propulsion.

The tarsometatarsal joints (Lisfranc’s joint) can be divided into
five rays. The first ray is composed of the medial cuneiform and
the first metatarsal. Motion at this joint is primarily a combination
of dorsiflexion/inversion/adduction and plantarflexion/eversion/
abduction.” The second ray contains the intermediate cuneiform
and the second metatarsal, which is recessed and firmly placed
into the base of the first and third metatarsal—cuneiform joints.
Lisfranc’s ligament locks this joint firmly into this recess to form
the keystone for the longitudinal axis of the foot. This orientation
subjects the bone to increased stress as a result of the inherent
stability as the foot progresses through the stance phase.” The
lateral cuneiform and the third and fourth metatarsals make up
the third and fourth rays, with motion that is limited to plantarflex-
ion/dorsiflexion.” The fifth ray allows for some pronation and
supination as the fifth metatarsal rotates about the cuboid.

The metatarsal break is created by the metatarsophalangeal
joints that extend about an oblique axis from the head of the
second metatarsal to the head of the fifth metatarsal. Motion at
this joint is predominantly flexion/extension.” The break averages
62 degrees from the long axis of the foot, and it helps with leg
external rotation and foot supination during propulsion.”

Walking gait incorporates a stance phase and a swing phase. The
stance phase composes 62% of the cycle, and it is the weight-
bearing portion.6 The stance phase is subdivided into heel strike,
midstance, and toe off. During heel strike, the tibia internally rotates,
and the triple joint complex (subtalar, talonavicular, and calcaneo-
cuboid) moves into an everted position. The cuboid follows the
calcaneus, abducts the forefoot, and flattens out the medial longi-
tudinal arch. Anterior compartment muscles contract eccentrically,
thus providing control and cushioning as the foot approaches mid-
stance to allow for smooth forefoot contact after heel strike.'”
At midstance, the weight centers over the middle of the foot at
the second metatarsal. The motion of the body’s center of gravity
as it moves forward over the foot causes the tibia to externally rotate
as the ankle dorsiflexes. The triple joint complex supinates, locking
the joint into a slight varus position, and this creates a rigid lever of
the medial longitudinal arch for push off.! Functionally, the foot
must be flexible on ground contact and rigid for propulsion.
Flexibility on contact provides shock absorption and accommo-
dates footstrike on uneven terrain. Rigidity helps transfer the force
that is generated by lower leg muscle action to the ground.

Running, like walking, is a series of pronations and supinations,
but it is distinguished by an increased velocity. This means that
there is decreased time in the stance phase and the presence of a
phase in which the runner is airborne called the float phase”
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Studies comparing runners and walkers suggest that the stance
phase decreases from approximately 62% of the gait cycle time
in walking to 31% in running and 22% in sprinting."' The
increased muscular force required to generate an airborne
phase and the greater impact of landing that necessitates
increased shock absorption both contribute to higher injury
rates in runners. Just as in walking, the stance phase of running
is divided into three phases: landing, midstance, and push off.
Approximately half of stance phase occurs with the foot pro-
nated to allow force absorption, whereas, during the second
half of the phase, the foot supinates to allow for propulsion.

At initial contact, most runners land with a lateral heel strike
and with the foot in a slightly supinated position. At this point, the
leg is in a functional varus of 8 to 14 degrees, and the calcaneus is
inverted approximately 4 degrees.'” The pelvis rotates anteriorly
40 degrees to maintain the center of gravity over the landing leg.
The quadriceps extend the knee, and the hamstrings aid in stabi-
lization at initial ground contact.'® After first contact, the foot pro-
nates at the subtalar and midtarsal joints, becoming flexible to
absorb impact. This movement causes a mitered hinge effect
during which pronation is accompanied by hindfoot eversion
and tibial internal rotation.” The axes of Chopart’s joint become
parallel, which allows for increased mobility and a foot that can
accommodate uneven surfaces. This mechanism is vitally impor-
tant because the force generated at heel strike is 1.5 to 5 times
body weight, and this force may be generated 800 to 2000 times a
mile, depending on speed and stride length.'?

At midstance, the ankle dorsiflexors flatten the foot eccentri-
cally on the ground. Maximum pronation occurs when the body’s
center of gravity passes anterior to the base of support. This point
marks the end of the absorptive component of stance phase.” At
this stage, the hip and knee align vertically with the ankle, and the
hip displaces laterally about an inch to maintain the center
of gravity.*?

With push off, the hip rapidly extends using the gluteus max-
imus and the hamstrings while the foot begins supination at the
subtalar joint. The opposite limb swings forward, and pelvic rota-
tion results in an external rotation of the tibia of the push-off
leg, which in turn causes inversion at the calcaneus and supina-
tion."? This supination causes convergence of the triple joint axes,
which provides a “locked” midfoot that can serve as a rigid lever
for propulsion.? This motion requires complex biomechanical
interactions. In addition to the external rotation of the tibia, the
metatarsal break contributes to supination as extension occurs at
the first metatarsophalangeal joint. This extension also leads to the
tightening of the plantar fascia, which provides stability to the
midfoot by pulling the other soft-tissue structures of the foot
taut. Lastly, the intrinsic foot muscles that cross the transverse
tarsal joint serve to stabilize the joint as well.?

After the foot leaves the ground, the leg enters the swing phase.
The first portion of the phase is acceleration. During this part, the
hip flexors lift the leg and hip off of the ground. The knee flexes to
65 degrees, and the ankle dorsiflexors fire to ensure that the foot
clears the ground.'® At the middle part of the phase, the hip rotates
anteriorly using the opposite hip as a fulcrum. During deceleration,
the leg prepares for the next heel strike by having the hamstrings
contract, which slows the swing. The peroneals also fire, thus
stabilizing the ankle for a coordinated landing.'® Clinical examina-
tion of gait includes the observation of walking. Evaluation deter-
mines if the stance is even from side to side, if the pelvis and
shoulder appear level during ambulation, and if there is excessive
pronation or supination during either heel strike or toe off.
Barefoot gait allows for the better interpretation of findings, but
ambulation with shoes also suggests whether the degree of prona-
tion or supination is partially corrected by footwear.

Observation of the running gait takes experience and careful
analysis of the entire kinetic chain. Although the degree of

pronation or supination is often a key finding, a number of changes
occur with foot strike. For example, foot strike with asymmetric
external rotation (“toeing out”) of the foot may relate to a contrac-
ture of hip rotator muscles. Weakness of the gluteus medius
muscle, which helps with the abduction of the hip during stance
phase, can lead to genu valgus or to a rapid horizontal shift of the
patella. Significant genu valgus may also relate to excess pronation
at the rear or mid foot. Thus, the observation of the running gait
triggers the careful evaluation of anatomic changes and muscular
testing that may correlate with the observed abnormality. Abnormal
gait may appear as the runner runs toward the observer by differ-
ences in foot strike position, knee lift, hip flexion, or arm swing. As
the runner runs away from the examiner, the back swing should
appear symmetric and extend straight behind the runner. Rotation
at any level may affect this. Trendelenburg’s position or a dropped
shoulder may suggest leg-length inequality. A review of Chapter 43,
Gait Analysis, will further assist the reader with the performance of
the gait evaluation.

STATIC EXAMINATION OF THE ANKLE

Inspection of the ankle notes swelling, bruising, or any obvious
anatomic deformity by comparing the injured ankle to the unin-
volved ankle. Both passive and active range of motion should be
assessed. Strength testing against resistance, repetitive motions,
and stance may all help identify subtle weakness. Neurovascular
examination may identify causes of specific weaknesses or
referred pain. The palpation of the ankle focuses on direct bony
tenderness that may indicate a fracture. Anatomic areas with
higher fracture risk include the base of the fifth metatarsal, the
navicular, the medial malleolus, and the posterior edge and tip
of the lateral malleolus. (See the Ottawa ankle rules for the prac-
tical application of this type of examination.)

Specific tests of the ankle for injury and instability of the
anterior talofibular ligament include the anterior drawer test
(Figure 14.1 ).Using one hand, stabilize the distal tibia and the
fibula. Then, with the other hand, grasp the heel, keeping the foot
in slight plantar flexion of 10 to 20 degrees, and try to move the
foot forward. Translating the foot 3 mm or more forward or a
difference between the injured and uninjured ankles that exceeds
0.5 mm is considered a positive test. Van Dijk and colleagues®
found the anterior ankle drawer test to have a 71% sensitivity and a
33% specificity for anterior talofibular ligament rupture when

Figure 14.1 Anterior drawer test. (Used with permission by Dr. Karl B.
Fields.)



Figure 14.2 Talar tilt test. (Used with permission by Dr. Karl B. Fields.)

performed less than 48 hours after the inversion injury. This
increased to a 96% sensitivity and an 84% specificity when
repeated 5 days after the injury (LOE: D).

The talar tilt test enables one to assess calcaneofibular ligament
stability (Figure 14.2). Again, stabilize the tibia and fibula with
one hand. Grasp the heel with the foot in a neutral position, and
invert the ankle with the other hand. Note the amount or degree of
inversion of the injured ankle as compared with the other foot.
Normal talar tilt ranges from 3 to 23 degrees, and anything greater
than 23 degrees or a difference between the ankles of 5% to 10% is
considered a positive test for calcaneonavicular instability.

Other specific examination techniques focus on specific
conditions. Dorsiflexion tests look for evidence of anterior impin-
gement. Plantarflexion stress tests may point to posterior impinge-
ment by os trigone, posterior talar process spurring, or other
conditions. Thompson’s test (a calf squeeze that results in plantar
flexion) tests for Achilles integrity (96% sensitivitylg; LOE: D)
(Figure 14.3). Kleiger’s test (dorsiflexion and eversion) tests for
syndesmosis injury, and it may also reproduce peroneal tendon
subluxation.

STATIC EXAMINATION OF THE FOOT

Visual inspection first notes the overall shape of the foot. The
normal foot has an overall “dome” shape as a result of the dominant
medial longitudinal arch. The longitudinal arch of the foot can be
further subdivided into the medial and lateral components.'® The
medial arch is composed of the calcaneus, the talus, the navicular,
the medial cuneiforms, and three metatarsals.'® The height of the
arch should be measured from the base of the navicular to the
ground with the patient in the standing position.l(’ Abnormalities
can include an excessively high arch (pes cavus) (Figure 14.4) or
an excessively low arch (pes planus). A measurement of the navi-
cular arch height of more than 3.12 cm is associated with an
increased risk of injury.'” The lateral longitudinal arch is much flat-
ter, and it is composed of the calcaneus, the cuboid, and the lateral
two metatarsals.'® Attention must be paid during the examination of
the arch during load bearing. The transverse arch is formed by the
cuboid, the cuneiforms, and the bases of the metatarsals.'® Tt is
supported by the tendon of the peroneus longus as it crosses the
plantar surface obliquely from the lateral foot to the base of the first
metatarsal.'® Breakdown of the transverse arch may lead to a
widened forefoot. The normal ratio of the width of the forefoot to
that of the hindfoot should be approximately 1.4 or 1.6 to 1. Wider
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Figure 14.3 Partial right Achilles tendon rupture with nodule. Thompson's
test would not show normal plantar flexion on calf squeeze. (Used with
permission by Dr. Karl B. Fields.)

forefeet are seen in those individuals with a cavus foot who pre-
dominately bear weight on the forefoot.

Pes planus or “flatfoot” occurs from an inherited insufficient
longitudinal arch, or it can develop from the breakdown of the
longitudinal arch as a result of shifts in bony alignment from liga-
mentous breakdown or the collapse of support after rupture of the
posterior tibialis tendon (Figure 14.5). The foot often demon-
strates calcaneal valgus (Figure 14.6) in combination with fore-
foot abduction and midfoot pronation. One sign of excess forefoot
abduction is the “too many toes” sign. Looking from the rear, the
examiner should not see more than two lateral toes unless the fore-
foot is excessively abducted. With a rigid flatfoot, when the patient
stands on tiptoe, the longitudinal arch will not reappear. This is
differentiated from the flexible flatfoot with which the arch is rees-
tablished in non—weight-bearing positions or when the individual
stands on his or her toes. This condition is mostly the result of pos-
terior tibialis tendon contraction.

The term forefoot refers to the region of the foot from the base
of the metatarsals to the tip of the phalanges. The prime function of
the forefoot is push off, which requires long thin bones to function
as a lever. This thinness promotes easier breakdown, including
stress fractures, joint breakdown, and ligamentous strains.
General inspection of the forefoot should assess for gross abnorm-
alities of the skin, particularly thick callusing under the second
metatarsal head, which is called Mortow's callus (Figure 14.7).
Splaying of the toes often indicates metatarsal capsular
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Figure 14.6 Calcaneal valgus with “too-many-toes” sign. (Used with
permission by Dr. Karl B. Fields.)

shafts for direct tenderness or under the first metatarsophalangeal
joint for sesamoid injury may be found in stress fractures.

An abnormal range of motion of the forefoot may suggest limi-
tation elsewhere in the foot. The majority of forefoot abduction and
adduction actually takes place in the junction of the hindfoot and
midfoot at the talonavicular and calcaneocuboid joints. To examine
these motions, stabilize the calcaneus with one hand, and move the
breakdown, with the metatarsal head dropping through the plantar forefoot both medially and laterally.'”® Normal values include
surface and leading to the rotation and separation of the toes.
Palpation often reveals a dropped metatarsal head in the second,
third, or fourth metatarsal that is indicative of transverse arch break-
down. Typically, only the first and fifth metatarsal heads make
ground contact. Palpation that reveals hypermobile metatarsal
heads may indicate a weakening of the intermetatarsal ligaments
and precede transverse arch breakdown. Palpation of the metatarsal

Figure 14.4 Cavus foot. (Used with permission by Dr. Karl B. Fields.)

Figure 14.7 Morton’s callus over second metatarsophalangeal (note also
Figure 14.5 Pes planus with first ray dominance. (Used with permission by the fifth metatarsophalangeal callus.) (Used with permission by Dr. Karl B.
Dr. Karl B. Fields.) Fields.)
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Figure 14.8 Bunion formation on the left in a runner with transverse arch
breakdown bilaterally. (Used with permission by Dr. Karl B. Fields.)

20 degrees of medial deviation and 10 degrees of lateral deviation.*®
The motion is assessed mainly by feel, and it is often difficult to
measure accurately.

The examination and palpation of the bony structures of the
forefoot should include the evaluation of each of the metatarsals
and their associated phalanges. The examination should begin
with the great toe because it plays an important role in the overall
lever function and push off of the forefoot during the gait phase.
After inspection is performed, the first test should be of the range
of motion of the great toe. If any type of lateral deviation of the first
metatarsal is present, range of motion should be tested in the
reduced position. Given its importance as a lever, the first meta-
tarsophalangeal joint must have good range of motion and joint
stability. Normal range of motion includes 45 degrees of flexion
and 30 to 90 degrees of extension. Less than 20 degrees of flexion
and/or 30 degrees of extension limit function significantly. This
decreased range of motion is referred to as hallux rigidus.
Ideally, to obtain speed or power in jumping, 65 degrees of exten-
sion is optimal. Patients with hallux rigidus may demonstrate var-
ious compensatory measures to shift the force to the more flexible
lateral four toes.

Hallux valgus change at the great toe occurs with the subluxa-
tion of the proximal phalanx at the metatarsophalangeal joint
toward the second toe, which often displaces the second digit
superiorly. The first metatarsal may migrate in the opposite direc-
tion, and the sesamoids often shift to the interspace between the
first and second metatarsals.'® This deformity may result in excess
wear and friction over the medial metatarsophalangeal joint, which
can result in a bursa or bunion'® (Figure 14.8). Excess callus
formation under the second or third toe indicates transition of
the lever action laterally. When measuring the angle of hallux
valgus, measure the angle formed between a line bisecting the
shaft of the first metatarsal and a line bisecting the shaft of the
first proximal phalanx. An angle of more than 15 degrees is con-
sidered pathologic for hallux valgus.

The evaluation of the other toes can reveal significant deformi-
ties. Claw toe is characterized by extension at the metatarsopha-
langeal joint and flexion at the proximal interphalangeal joint (and
occasionally the distal interphalangeal joint). Significant claw toes
arise from peripheral neuropathies, conditions such as Charcot-
Marie-Tooth disease, and other neurologic disorders that lead to
the weakness of extensor and intrinsic muscles or to changes in
sensory input to the foot. Hammer-toe deformity is characterized
by extension at the metatarsophalangeal joint and flexion at the

Figure 14.9 Bilateral bunionette with a prominent fifth
metatarsophalangeal, a deviation of the fifth toe toward the fourth, and
external rotation of the fifth toe. (Used with permission by Dr. Karl B. Fields.)

proximal interphalangeal joint when the toe is flat on the ground.
This deformity arises from plantar displacement of the metatarsal
head through the capsule, and it occurs with significant transverse
arch breakdown that is possibly affected by poorly fitted shoes or
trauma. The evaluation of the toes should also look for the pres-
ence of a prominent second toe. An elongated second ray is
referred to as Morton’s foot, and it is often associated with hyper-
pronation. When the fifth metatarsophalangeal breaks down, the
metatarsal head becomes prominent, the phalanx deviates medi-
ally, and the toe externally rotates. This is called a bunionette,
and it may appear similar in pathology to a bunion deformity
(Figure 14.9).

Additional forefoot examination focuses on transverse arch
breakdown. This leads to a variety of conditions, including meta-
tarsalgia and Morton’s neuroma. The “splayed-toe” sign indicates a
plantar displacement of the metatarsal head and a stretch injury to
the intermetatarsal ligaments (Figure 14.10). The pain of Morton’s
neuroma may be demonstrated by the palpation of the soft tissue

Figure 14.10 Bilateral “splayed-toe” sign between the second and third
digits. On palpation and examination, this individual demonstrated
subluxation of the second metatarsal heads and early hammer toe formation
of the right second and third toes. (Used with permission by Dr. Karl B. Fields.)
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Figure 14.11 Haglund's deformity. (Used with permission by Dr. Karl B.
Fields.)

between the metatarsal heads using a web-space compression
test.'”” Squeeze the metatarsal heads together using one hand,
and then compress the web space between the thumb and the
index finger of the opposite hand. Similarly, running a quarter in
the dorsal web space between two metatarsals may also trigger
severe pain in individuals with a Morton’s neuroma.

Midfoot examination assesses tenderness, mobility, and the
position of key bones, particularly the navicular and the cuboid.
Tenderness over the medial arch and particularly over the navicu-
lar prominence requires specific diagnosis because navicular stress
fractures rarely heal without non—weight-bearing treatment.
Tenderness at the anterior ankle proximal to the tibialis anterior
tendon may actually represent a proximal pole navicular stress
fracture, and this location is labeled the “N spot.” Failure to com-
plete a “hop test” (i.e., the inability to hop 10 times on one foot)
may indicate a stress fracture in an individual with an area of bony
tenderness. Another condition presenting as medial arch pain may
be an inflamed accessory navicular. These can be quite prominent,
and they are easily visible on examination. Tenderness on the
lateral foot more commonly occurs at the base of the fifth meta-
tarsal, and this also requires diagnostic assessment to differentiate
apophysitis, tendonitis, avulsion fractures, Jones fractures, and dia-
physeal fractures. Palpation of the cuboid should test for hyper-
mobility, which may be a sign of possible cuboid subluxation.
Other key landmarks include the base of the second metatarsal,
which is locked into a recess between the base of the first and third
metatarsals. Tenderness here may represent injury to Lisfranc’s
ligament or along the entire Lisfranc’s joint, which separates the
midfoot and the forefoot. Valgus stress of the forefoot while stabi-
lizing the midfoot also creates pain in a patient with this injury.

Rear foot examination includes the assessment of the attach-
ment of the Achilles tendon. An excessive prominence at this loca-
tion may represent Haglunds deformity, which is a traction
exostosis from the posterior calcaneus (Figure 14.11). The attach-
ment of the plantar fascia, particularly to the medial border of the
calcaneus, is the most common location of pain in plantar fasciitis.
The calcaneal squeeze test, in which the examiner cups and com-
presses the calcaneus, helps differentiate stress fracture from

Figure 14.12 Sinus tarsi syndrome with marked puffiness anterior to the
lateral malleolus. (Used with permission by Dr. Karl B. Fields.)

plantar fasciitis; this also elicits pain in patients with Sever’s dis-
ease. Just below the medial malleolus lies the tarsal tunnel.
Tenderness in this location should be further assessed with a
Tinel’s test and a heel raise. Tarsal tunnel syndrome may lead to
a positive Tinel’s test, whereas the heel will not shift into varus on
heel raise if there is a tear of the posterior tibialis tendon. On the
lateral rear foot, the sinus tarsi is the soft-tissue hollow between the
calcaneocuboid joint and the tip of the fibula (Figure 14.12).
Swelling of the sinus tarsi may indicate excess pronation and
impingement in this location. Palpation of the posterior clear
space behind the calcaneus and proximal to the Achilles tendon
may help identify retrocalcaneal bursitis, os trigone, or posterior
talar process injuries.
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CHAPTER

General Principles of Fracture
Management

MAJ] Howard ]J. McGowan, MD

KEY POINTS

+ Pain, tenderness, loss of function, and refusal to perform
certain actions are concerning for a potential fracture.

+ Immobilization of the injured body part is key until more
definitive care can be rendered.

- Describing fractures using a systematic and standardized
method is essential.

+ Along with functional and cosmetic concerns, the ultimate goal
of fracture management is to return patients to their desired
activities as soon as safely possible.

INTRODUCTION

Fractures are likely encountered by physicians who practice sports
medicine and who cover athletic events. Often the primary care
provider is the first responder to an athlete who has sustained a frac-
ture on the playing field. Evaluating, acutely managing, describing,
and following fractures through their course of healing are essential
tools for the primary care sports medicine provider.

FRACTURE EVALUATION

When evaluating a patient with a musculoskeletal injury, the pro-
vider should take note of certain signs that should alert him or her
to the possibility of a fracture. Pain and tenderness with an accom-
panying loss of function and refusal to perform certain actions are
concerning for a potential fracture. Any deformity or swelling evi-
dent over the site of the injury also makes a fracture more likely.
Abnormal motion or crepitus can be a sign of a bony injury as well.
Although the x-ray can provide definitive proof of a fracture, this
modality may not be readily available. A thorough clinical exam-
ination with an appropriately high index of suspicion for a fracture
(especially in the presence of any of the above signs) can help a
provider render safe care to an injured participant.

Marx describes 10 general principles to consider when evaluat-
ing patients with orthopedic injuries, including fractures®:

1. Most orthopedic injuries can be predicted by knowing the
chief complaint, the age of the patient, the mechanism of
injury, and an estimate of the amount of energy delivered.

2. A careful history and physical examination predict x-ray find-
ings with a high degree of accuracy.

3. If a fracture is suspected clinically but x-ray films appear
negative, the patient should be managed with immobilization
as though a fracture were present.

4. Criteria for adequate radiographic studies exist; inadequate
studies should not be accepted.

5. X-ray studies should be performed before attempting most
reductions, except when a delay would be potentially harmful
to the patient or in some field situations.

6. Neurovascular competence should be checked and recorded
after all reductions.

7. Patients must be checked for the ability to ambulate
safely before discharge from the emergency department,
and they should not be discharged unless this can be
established.

8. Patients should receive explicit aftercare instructions before
leaving the emergency department. These instructions should
cover such areas as monitoring for signs of neurovascular
compromise or increasing compartment pressure, cast care,
weight bearing, crutch use, and an explicit plan and timing for
follow-up.

9. For a patient with multiple traumas, noncritical orthopedic
injuries should be diagnosed and treated only after other,
more-threatening injuries have been addressed.

10. All orthopedic injuries should be described precisely and
according to established conventions.

With these 10 principles in mind, a few key points should be
mentioned:

e Treating a participant for a fracture despite negative x-rays, as
stated in the third principle, is not only prudent but advisable. If
a fracture is suspected on the basis of a thorough history and
physical and the initial radiograph is negative, then the provider
should consider obtaining additional views or comparison
views that could prove helpful for confirming the presence of
a fracture.” Some injuries, such as a fracture of the scaphoid
bone, often have negative x-ray findings initially. Treating such
patients for a fracture with appropriate immobilization is advis-
able until follow-up x-rays or more definitive imaging can
be done.

e As mentioned in the fourth principle, criteria exist for adequate
radiographic studies. It should be stressed that at least two
views (usually an anterior—posterior and a lateral) are a must
for most orthopedic injuries. In addition, x-ray imaging should
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be considered for the joints proximal and distal to the fracture
site. Finally, if a patient presents to the training room or clinic
with a splint or cast in place from an outside provider or emer-
gency department, it is not unreasonable to check x-ray studies
before removing the splint or cast.

e Regarding the fifth principle, in addition to checking x-ray
studies before reductions, x-ray studies should also be per-
formed after all reductions as well as after all splinting and
casting.

e In addition to checking neurovascular competence after all
reductions, as laid out in the sixth principle, it is important to
check neurovascular competence at the time of the injury as
well as after any splinting or casting. Vascular competence can
be assessed by checking for pulses, capillary refill, and signs of
pallor distal to the fracture site. Neurologic competence is
assessed by checking for and documenting the presence of
any sensory deficits distal to the site of the fracture.

Following these 10 principles and caveats will ensure that
patients presenting for fracture management are treated appropri-
ately and safely and that they are given the best chance for
recovery.

EMERGENCY MANAGEMENT

When a fracture is suspected on the playing field, the first step is
to immobilize the injured body part until the patient can be trans-
ported for more definitive care. Splinting the injured body part
helps to protect against further injury, to relieve pain, and to
decrease the chance of a fat embolism or shock, and it facilitates
the transport of the patient. A variety of materials are available
to fabricate a splint (see Chapter 16), but anything rigid may be
used, if needed. As noted previously there are signs that
should alert the clinician to the possibility of a fracture, and, as
laid out in Marx’s principles, a careful history and physical can
predict x-ray findings with a high degree of accuracy. Splinting
a suspected fracture should therefore not be delayed while
awaiting transport or x-ray. A common axiom is to splint the
injured body part as it lies. This generally holds true, except if
the neurovascular status of the injured body part is immediately
compromised. The importance of splinting is summed up in the
following quote:

Not only should the technical use (of splints) be appreciated
by men, but it should also be appreciated that all unneces-
sary handling of the injured part without splinting should be
avoided. It cannot be too strongly emphasized that a wound
which may be of moderate seriousness may become greatly
increased in importance by careless or incompetent hand-
ling in the transport to or from the hospital.?

A splint will often be chosen as the initial immobilization
device, especially on the playing field, where the application of
a cast would be technically and logistically more difficult. Aside
from being more convenient, a splint also allows for soft-tissue
swelling, which typically occurs with acute fractures. When soft-
tissue swelling is constricted by an unyielding cast, it can result in
compartment syndrome and permanent neurologic and tissue
damage. Hence, splints are often used for the first 10 to 14 days,
thereby allowing the swelling to subside.

Although the ease of application is an advantage of splinting, the
ease of splint removal poses a problem for noncompliant, active, or
pediatric patients. When a concern about removal exists and a loss
of immobilization would result in a bad outcome, a cast could be
appropriately chosen as the initial method of immobilization. In this
case, to accommodate for anticipated swelling, the cast can be

univalved (plaster cut along one side) or bivalved (plaster cut
down two sides). Univalved or bivalved casts may be wrapped
loosely in an elastic bandage to maintain light soft-tissue compres-
sion and optimal immobilization, if desired.

FRACTURE DESCRIPTION

An essential component of fracture management is having a sys-
tematic method for describing fractures. An accurate description is
paramount when communicating with other providers, and it can
be vital in the determination of when, where, and how the patient
should be managed. At a minimum, fracture description should
include the name and the side of the bone that is injured, the
condition of the soft tissue overlying the fracture site, the regional
location of where the fracture is on the bone, and the course and
direction of the fracture line. Other terms that are commonly used
when describing fractures that can be equally important are angu-
lation, displacement, and comminution.

Location

Fracture description should always start with the name and the
side of the injured bone. After this has been established, the pro-
vider can go on to discuss what part of the bone is damaged.
Regional descriptions of long bones include the epiphysis, the
metaphysis, and the diaphysis (Figure 15.1). When describing a
fracture of the epiphysis, the physician should note whether it is
intra-articular; if it is, the physician should describe how much of
the articular surface is involved. If the bone diaphysis is fractured,
it is important to note whether it is the proximal, middle, or distal
third.* When speaking about metaphyseal fractures, the physician
should make note of whether the fracture travels to include the
epiphyseal or diaphyseal regions (see Chapter 31). When appro-
priate, more descriptive anatomic terms may be useful. Wording
such as “fracture of the femoral neck” reveals more than “proximal
femur fracture,” and “supracondylar fracture” is more descriptive
than “fracture of the distal humerus.” A list of some descriptive
terms and eponyms that are commonly used to describe fractures
is included in Table 15.1.

Open versus closed

An open fracture is one in which there is communication between
the bone and the outside environment. This can range from a small
skin laceration or puncture overlying the fractured bone to the
extreme case of a bone protruding through the skin. Open fractures
usually cause more morbidity than closed fractures do, and they can
be associated with soft-tissue loss, compartment syndromes, neu-
rovascular injuries, and greater degrees of displacement or bony
comminution.” It must be recognized that an open fracture is an
orthopedic emergency that requires immediate intervention,
including operative irrigation, debridement, and stabilization to
decrease the incidence of osteomyelitis and other complications.®

Direction of fracture line/fragments
Transverse, oblique, and spiral are common terms used when
describing the direction that a fracture travels. A transverse fracture
runs at right angles to the long axis of the affected bone, and it is
often the result of a bending force or a direct blow. Oblique and
spiral fractures cross the shaft of the bone at an angle, and they are
often the result of a twisting or rotary force. Oblique and spiral
fractures are usually associated with less injury to the surrounding
structures’ (Figure 15.2).

When more than two fracture segments are present, the injury
is said to be comminuted. Because the degree of comminution or



Figure 15.1 Regional descriptions of long bones, including the epiphysis,
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the metaphysis, and the diaphysis. (From Rakel RE [ed]: Textbook of Family
Practice. Philadelphia, WB Saunders, 2002, p 926.)

Table 15.1 FractureTerms

Descriptive Term

Anatomic Description

Mallet finger
Jersey finger

Radial head fracture
Femoral neck fracture
Supracondylar fracture
Styloid fracture
Colles’ fracture

Smith’s fracture

Boxer's/fifth metacarpal
neck fracture

Jones fracture

Avulsion fracture of the dorsal surface of
the proximal portion of the distal phalanx

Avulsion fracture of the volar surface of the
proximal portion of the distal phalanx

Proximal radius fracture
Proximal femur fracture
Distal humerus fracture
Distal radius or ulna fracture

Distal radius fracture with dorsal and
proximal displacement of the distal
fragment

Distal radius fracture with volar and
proximal displacement of the distal
fragment

Fracture of the distal portion of the fifth
metacarpal

Fracture of the metaphyseal—diaphyseal
region of the fifth metatarsal

Fracture healing @

Transverse Oblique Spiral
Figure15.2 Atransverse fracture runs at right angles to the long axis of the
affected bone, and it is often the result of a bending force or a direct blow.
Oblique and spiral fractures cross the shaft of the bone at an angle, and they
are often the result of a twisting or rotary force. (From Rakel RE [ed]: Textbook
of Family Practice. Philadelphia, WB Saunders, 2002, p 926.)

the number of fracture fragments relates directly to the force of the
injury, high degrees of comminution should raise the index of
suspicion for significant injuries to the surrounding tissue. If
there are two separate, complete fractures that divide a bone
into three large fragments, the fracture is said to be segmental®

Displacement/angulation

When a fracture is out of normal anatomic alignment, it is typically
either displaced or angulated. The term displacement refers to the
position of the fracture fragments in relation to either an anterior/
posterior or medial/lateral plane. Angulation refers to the relation-
ship of the fracture fragments to the longitudinal axis of the bone.
By convention, the physician notes the movement of the distal end
in relation to the proximal end when describing displacement. It is
important to note the direction (anterior versus posterior or lateral
versus medial) that the distal end has shifted as well as to describe
the distance that the bone has shifted, which can be reported in
terms of millimeters or the percentage of apposition in relation to
the proximal fragment (Figures 15.3 and 15.4). Angulation is best
described in relation to the direction of the apex of the angle
formed by the two fragments, and it is often reported in degrees’
(Figure 15.5). Fractures that are displaced or angulated are more
likely associated with injuries to surrounding structures than those
fractures that remain anatomically aligned.

After describing and communicating the specific characteristics
of a fracture, a treatment plan can be formulated that best
suits the injury. The management of specific fractures will be
discussed by anatomic region in the following chapters of
this section. However, there are some general principles and
goals to note when dealing with fracture healing.

FRACTURE HEALING

After the patient is stabilized and a treatment plan has been deter-
mined, providers should remember that the goal is to have the
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Figure 15.3 Distal fragment displaced approximately 50% medially.

injured bone heal in a position in which function and cosmesis are
least impaired. It is also desirable that patients return to their activ-
ity as soon as is safely possible.” To ensure the best possible
fracture outcomes, a basic understanding of the phases of bone
healing is necessary.

The inflammatory phase of fracture healing is essential for
attracting the building blocks that are necessary for bone and car-
tilage formation. After a bone is fractured, the structures around the
fracture begin to bleed; a hematoma forms, and this attracts inflam-
matory mediators to the fracture site to begin the inflammatory
phase of bone healing. There is a transformation of multipotential
cells into osteoprogenitor cells, and these osteoprogenitor cells

Figure 15.4 Distal fragment displaced 100% in ulnar direction.

Figure 15.5 Thirty degrees of apex volar angulation.

help form the callus.'® During this time, the patient experiences
signs of inflammation, including swelling, erythema, bruising, pain,
and impaired function.!

Chemotactic factors released during the inflammatory phase
stimulate the reparative phase of fracture healing."* During this
phase, new blood vessels develop, and cartilage formation
begins.'’ A soft callus forms and acts to stabilize the fracture
site. Over the next 2 to 3 weeks, the soft callus will be replaced
by bone as a hard callus forms''; clinical union of the fracture occurs
during this phase. When the fracture does not move while it is being
examined, when attempts to move the fracture do not cause pain,
and when radiographs begin to show bone bridging across the frac-
ture site, then clinical union has occurred.'®

The last phase of fracture healing is the remodeling phase.
During this phase, irregular, immature bone is replaced with
mature bone. Although it is apparent on radiographs within
months, this phase can take several years to complete.'!

These three phases of fracture healing have variable time
courses, depending on the location of the fracture, the patient’s
nutritional status, and other individual patient factors. In addition
to having variable time courses, the phases of fracture healing can
overlap. The reparative phase begins as the inflammation phase
subsides, and the remodeling phase begins as the reparative phase
subsides'? (Figure 15.6).

With an understanding of clinical fracture evaluation, emergent
fracture management, fracture description, and the physiology of
fracture healing, the sports medicine provider will be better
equipped to safely treat participants in the acute care setting and
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Figure 15.6 An approximation of the relative intensities and the duration of
inflammation, repair, and remodeling in fracture healing. (From Rockwood CA,

Green DP [eds]: Fractures in Adults, Vol. 1. Philadelphia, Lippincott-Raven,
1996,

to ensure that correct choices are made throughout the course of
fracture care.

1. Giederman JM: General principles of orthopedic injuries. In Marx JA (ed): Rosen’s
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CHAPTER

Splinting and Casting

Timothy J. Mazzola, MD

KEY POINTS

- A working knowledge of the principles and applications of
splinting and casting is essential for the sports medicine
provider.

+ Splints better accommodate swelling than casts do and are
preferred for the initial immobilization of many fractures.

- Traditional plaster splints are being replaced by fiberglass and
polyester splinting materials.

+ Two brands of waterproof cast padding are now available: Gore
Procel and 3M Scotchcast Wet or Dry Cast Padding.

INTRODUCTION

When the decision has been made to immobilize an injured
body part, one must choose which type of splint or cast to use.
Which type of immobilization to use depends on the injury, the
patient, and the activities that the patient will be performing.
Immobilization of an acute fracture is different than that of overuse
tendinitis. Likewise, a fracture in a skeletally immature patient must
be considered differently from one in the same bone of an adult.
Perhaps most relevant to the sports medicine provider is that the
proper immobilization of a metacarpal fracture during a football
game is different than what might be done when treating a non-
athlete in the clinical setting. The goals of this chapter will be to
help clinicians understand the principles of splinting and casting,
to decide when to use specific splints and casts, and to know how
to properly apply and care for those splints and casts.

PRINCIPLES OF SPLINTING

Indications for splinting
Indications for the use of splints include the following:

e The temporary immobilization of fractures to decrease pain,
blood loss, risk of fat emboli, and risk for neurovascular
injury and to maintain fracture position.

e The temporary immobilization of injured ligaments or tendons,
whether as a result of trauma or overuse, to facilitate the heal-
ing process and stabilize the injured tissues.

Advantages of splinting versus casting
The main advantages of splinting over casting are as follows:

e Noncircumferential splints better accommodate the swelling
that is expected during the initial days after an acute fracture.

e Splints carry a lower risk of skin and vascular complications than
do circumferential casts, and they allow for the earlier and easier
diagnosis of these complications when they do occur.

e Splints are typically easy to apply.

e Removable splints allow for skin care, improved hygiene, and
early range of motion, if desired.

Materials for splinting

Traditionally, splints have been made using plaster of Paris, but
any rigid material can be used effectively as long as the splint can
be safely secured to protect the injured body part. Military self-aid
and buddy care training has emphasized this for years, promoting
the use of “splints of opportunity” such as pieces of wood, rolled
magazines, unloaded rifles, or cardboard and fixing them securely
with bandages. For the purposes of the office-based physician and
team clinician, our choices of splinting material are more familiar
but no less varied.

Splint materials include plaster, fiberglass, malleable aluminum,
and off-the-shelf splints, which are usually made of plastic and
Velcro. Air and vacuum splints are also available. Plaster has a
rich history in splint and cast fabrication as a result of its excellent
rigidity and moldability, but because of its slow set time, high
exothermic reaction, heavy weight, relative mess, and propensity
for breakdown, plaster is gradually being replaced by newer mate-
rials. The OCL plaster splinting roll is one product that has simpli-
fied the making of plaster splints.

Fiberglass has the advantage of being lighter, quicker setting,
stronger, and more breathable than plaster. Prepadded rolls of
fiberglass splinting material such as OrthoGlass or 3M Scotchcast
are now the initial splint of choice for many clinics as a result of their
ease of use, comfort, and consistent results." Newer still is OCL
Polylite, which is made of a polyester substrate. It is used essentially
in the same way as a fiberglass splint. Purported advantages of the
OCL Polylite are that it is more radiolucent and that it does not have
the sharp edges of fiberglass.

Off-the-shelf splints are made for almost every body part and/
or type of injury imaginable. Because they are removable, these
splints can be an advantage for hygiene and range of motion,
although they may be a liability when it comes to the need



for continuous, rigid immobilization. Although they can be used
reliably for certain applications (e.g., as a thumb spica, interpha-
langeal joint splint, ankle stirrup, or knee stabilizer), they often
lack a custom fit, which makes results variable (Figure 16.1).
One of the most used off-the-shelf splints in my sports medicine
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practice is the walking boot with a locked ankle. This is useful
for stable fractures, severe soft-tissue injuries, and overuse tendi-
nitis, and it provides the benefits of early range of motion in
combination with excellent immobilization to foster healing
(Figure 16.2).

Figure 16.1 Common off-the-shelf braces have inherent advantages and disadvantages in fracture care. A, Stack splint. B, Arm vacuum splint. C, Ankle
stirrup brace. D, Functional knee brace. (A, From Canale ST: Campbell’s Operative Orthopaedics, 10th ed. Philadelphia, Mosby, 2005; B, from Roberts JR,
HedgesJR: Clinical Procedures in Emergency Medicine, 4th ed. Philadelphia, Saunders, 2004; C and D, from DeLee JC, Drez D: Orthopedic Sports Medicine, 2nd

ed. Philadelphia, Saunders, 2003.)
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Figure 16.2 A walking boot or fracture boot is very useful for a wide range
of ankle and foot injuries. (From Noble J: Textbook of Primary Care Medicine,
3rd ed. St. Louis, Mosby, 2000.)

Finally, for emergent and short-term splinting needs, malleable
aluminum, air splints, and vacuum splints have been used.
Malleable aluminum (or SAM splints) can be fabricated to emer-
gently stabilize almost any body part. They are extremely light,
they can be folded or rolled, and they are easy to store and trans-
port in emergency packs. Air splints can provide excellent immo-
bilization, but they are not used often as a result of the fact that, at
the pressures needed for adequate immobilization, vascular com-
promise is not uncommon.” Vacuum splints are more recent addi-
tions to the athletic trainer’s toolkit, and they provide excellent
immobilization for acute unstable injuries on the sideline (see
Figure 16.1B). Although they are expensive, bulky, and require a
pump to remove air from the system, they are malleable before
application, and they can be made rigid in almost any configura-
tion, usually within a few seconds.

Guidelines for splint fabrication

The first rule of splinting must be the satisfactory immobilization of
the injured body part. Consider immobilizing the joint above and/
or below the injured site, if indicated. After immobilization is
ensured, the prevention of skin breakdown is the second priority.
Depending on the injury, hygiene and range of motion are also
potentially important goals.

Prepadded rolls of splint material are the easiest and quickest
splints to apply, although they do not generally mold as well as a
traditional plaster splint.® Simply unroll the splint material, cut it to
the appropriate length to accommodate folded ends for skin protec-
tion, make any customized cuts as appropriate, squirt with water, dry
the excess water, apply the splint, and bandage it in place. Hold it in
place for a few minutes while it hardens, and your splint is complete.

Customized, handmade splints from fiberglass or plaster involve
a similar approach. Options include wrapping the limb circumfer-
entially with Webril and then applying the splint to one side of the
extremity or creating a “burrito” splint, which involves padding and
splint material stuffed within a tube of stockinette that is then
applied the extremity.

For certain indications, a nonremovable splint is desirable. The
key points involved in the fabrication of this type of splint are
shown in Figures 16.3 and 16.4. After gathering the appropriate
materials and making measurements, wrap Webril circumferen-
tially around the limb, and then place the moistened splint material
directly against the Webril. Immediately wrap the splint with an
elastic bandage; as the splint hardens, it will bond to the elastic
bandage, which will make it very difficult to remove.

To make an easily removable “burrito” splint, cut a piece of
stockinette a few inches longer than what will be needed for the
final splint. Next, stuff the stockinette as if stuffing a burrito; first
with a couple of layers of padding, which will be placed next to
the skin, and then with in the appropriate number of layers of
moistened plaster or fiberglass necessary to make a stable splint.
Excess moisture is removed, and the plaster or fiberglass is stuffed
into the stockinette and smoothed out. Next, the splint is applied to
the extremity, with the padding side next to the skin. The ends of
the stockinette are then folded up to protect the skin from the
splint edges, and an elastic bandage is applied to keep it in
place. Upper-extremity splints usually require 8 to 10 layers of
plaster, whereas-lower extremity splints generally need perhaps
12 to 15 layers, depending on how much force the splint will be
expected to withstand.

Complications of splinting

Although complications arising from appropriately fashioned
splints are uncommon, certain pitfalls need to be avoided.
Primarily, the alignment of a reduced fracture must be maintained.
Radiographs taken immediately after splinting are essential to
ensure that the reduction was not lost. Follow-up radiographs in
3 to 7 days will help determine whether the reduction has been
preserved. Skin irritation and breakdown are more common if
setting plaster burns the skin or if rough fiberglass splint edges
contact and abrade the skin. Good splinting technique and doc-
tor—patient communication should help minimize such complica-
tions. Lastly, inappropriate motion in an injury that requires
continuous or rigid immobilization is a potential problem with
splinting that could be avoided with casting. The classic example
is whether one should treat a vigorous young boy with a remov-
able splint when a circumferential cast might be more appropriate
to ensure compliance. Alas, we not only treat the injury: We must
always treat the patient.

PRINCIPLES OF CASTING

Indications for casting
The dual goals of casting are bone healing and good functional
outcome. Although one might believe that the complete absence
of bony motion is desirable, Sarmiento and colleagues have
demonstrated that, in some fractures, limited motion is actually
desirable. This limited motion, which may also be called micro-
motion, promotes callus formation as well as functional recovery
during the early phases of healing.” Nonetheless, rigid casting is
still the definitive treatment of choice for most closed, nondis-
placed fractures, with a few notable exceptions. Casting allows
the normal early bony healing process (external periosteal callus
formation) to proceed in a protected environment.”

Casting is also indicated as a means of definitive immobilization
after initial posttraumatic swelling has resolved, usually 5 to 7 days
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Figure16.3 Making a sugar tong splint. A, Measuring the sugar tong splint. B, Webril application is complete; note the extra padding around the elbow and the
tear to accommodate the thumb. C, Wet plaster placed against the Webril. D, Sugar tong splint complete.

after injury. If the fracture is inherently unstable or required reduc-
tion, the transition from splint to cast must be done with great
caution. In such instances, postcasting radiographs are mandatory
to ensure that adequate positioning of the fracture has been
maintained.

Advantages of casting versus splinting
The main advantages of casting over splinting are as follows:

e Casts more definitively immobilize the injured part.

Patients are less able to remove casts than splints, thus
increasing compliance in cases that require continuous
immobilization.

e Certain casting materials can get wet so that patients can bathe,
swim, and wash out their casts. This may allow swimmers and
other athletes to continue their training or rehabilitation despite
immobilization.

Materials for casting
The two most common cast-making materials are plaster and fiber-
glass. The relative differences between plaster and fiberglass were

discussed previously. Although historically casting has been
accomplished with plaster, there is an increasing use of fiberglass.
Plaster has the advantage of being cheaper and more moldable,
whereas fiberglass is lighter, quick-setting, and more durable.
A newer fiberglass-free casting tape called Dynacast P" is more
radiolucent than standard fiberglass, and it tends to have smoother
edges while maintaining good strength.

Cast padding plays an important part in cast comfort and function,
and it has evolved in recent years. Historically, cast padding was made
from rolls of comfortable cotton Webril. More recently, synthetic
Webril has been used. Although it is less easy to work with and less
comfortable against the skin, it does facilitate better moisture transport
away from the skin. Changing the mantra of keeping casts dry, there
are now two manufacturers of cast padding that not only allow
but even encourage their patients to get their casts wet. Their products
are the Gore Procel Cast Liner (Figure 16.5) and the 3M Scotchcast
Wet or Dry Cast Padding. In both cases, the cast needs to be able to
drain water, so caution must be used for casts that might trap water,
such as a long arm or walking cast. The Scotchcast product is applied
and removed just like synthetic Webril, but the Gore product is differ-
ent. The Gore Procel liner is applied without a stockinette, it has a
different feel to work with, and it does not resist the cast saw as well as
Webril does. As a result, with the Gore product, some kind of guard
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Figure 16.4 Making an AO splint (combined posterior/stirrup splint). A, Gather all of the appropriate materials first. B, Webril application for the AO splint is
complete, and posterior/plantar plaster stirrup is applied. C, Posterior view of the AO splint with plaster in place; note the manually smoothed edges of the plaster
to maximize strength and comfort. D, AO splint complete, with elastic bandage over plaster.



Figure 16.5 With a nonabsorbent and breathable padding like Gore Procel
Cast Liner, patients can routinely immerse their cast in water and expect
adequate drying times that avoid an increased risk of skin complications.
(Image courtesy of W.L. Gore & Associates, Inc.)

must be used when removing the cast to prevent injury to the patient’s
skin. Patient satisfaction with both cast liners has been high.”

Guidelines for cast making

As with splinting, the primary goals with casting must be adequate
immobilization in combination with the prevention of complica-
tions. To this end, the concept of a three-point cast deserves men-
tion. To maintain the alignment of potentially unstable fracture
fragments, three-point molding has been shown to be critical.
The point of compression should be at the apex of the fracture,
with its direction of force opposite the direction that the bony
fragments want to destabilize. Two other points of pressure
are then needed on either side of the fracture site, with force
applied and maintained in the opposite direction until the cast
has time to set up. The key here is using the palms and heels of
the hands (rather than the fingers) to achieve the desired result.
Using the palms and heels of the hands minimizes the creation of
cast pressure points that could lead to skin irritation.®

Figures 16.6 and 16.7 highlight the key steps in making both a
thumb spica and a short-leg walking cast. The first step in cast
fabrication is selecting the appropriate tape (casting material)
width and the correct padding materials. Generally, 2-inch tape
is preferable around the hand; 3-inch tape should be used for
the forearm, and 4-inch tape works well for the upper arm and
the lower extremity. Next is determining which type of stockinette
and padding will be used. Standard stockinette is cotton, but syn-
thetic materials are now available. Likewise, Webril has historically
been made of cotton, but it is now produced in synthetic and
water-repellant fabrics.

Stockinette width is selected on the basis of the size of the limb to
be casted and then cutslightly longer than the cast will be to allow for
the edges to be folded back. Next, the appropriate width and type of
Webril padding is rolled over the area to be casted, overwrapping
each layer by approximately 50%. Working distal to proximal, addi-
tional Webril should be placed over bony prominences that could be
sites for skin breakdown. To provide enough padding without
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reducing immobilizing effectiveness, usually one to two layers of
padding are used for the upper extremity, whereas three to four
layers are more appropriate for the lower extremity.

Next, the casting tape is moistened enough to wet all layers of
the tape to ensure adequate lamination of the casting material.
Recommended water temperatures are tepid or room temperature
for plaster and cold for fiberglass applications. Cooler water tends
to increase the set time, but it minimizes the exothermic reaction.
Warmer water shortens set time and increases the exothermic
reaction. Because fiberglass sets so much more quickly than plas-
ter, cooler water is recommended for fiberglass.

The casting tape is then rolled over the padding from distal to
proximal. Special cuts can be made, especially around the thumb,
to minimize bulk and increase patient comfort. After two or three
well-molded layers are applied, this “base” cast is molded well to
ensure adequate immobilization. At this point, it is wise to remem-
ber the principles of three-point fixation and the beneficial hydrau-
lics of an elliptical or oval-shaped cast versus a round cast.” After
the base cast is well applied, the ends of the stockinette are folded
over, and a final layer of casting tape is applied to give the cast an
extra layer of strength while providing a clean, finished appear-
ance. The final step is to ensure that the cast is well laminated and
that the final edge adheres to the rest of the cast. Lubrication
lotions or gels can be applied to the exterior of the fiberglass
cast to help ensure adequate lamination. Recommendations for
layers of casting tape on a finished cast are as follows:

e Upper extremity: three layers for long-arm casts, two layers
for short-arm casts

e Lower extremity: three layers for non—weight-bearing casts,
four layers for weight-bearing casts

Complications of casting

Although casts are very useful, as with all medical interventions,
one must be cognizant of the risks involved in their use. Most
complications can be avoided by the proper application and
care of the cast. Plaster sores can result from the improperly
applied or improperly padded cast. Burns as a result of heat
injury have occurred, and they are more likely when plaster is
moistened with hot water.'” Thus, tepid or room temperature
water is recommended for moistening plaster casting tape.
Particular care must be used when casting a body part that is
insensate. Without sensation, patients are helpless to defend them-
selves from cast-related sores or burns, which are normally her-
alded by pain or discomfort. Burns or sores naturally result in
skin breakdown, which then predisposes patients to another com-
plication: skin infection. If using cotton stockinette and/or Webril,
wet casts should be removed as soon as possible to prevent skin
maceration, breakdown, and the resultant complications.

Tight casts can also be a problem. Whether they are fitted too
snugly or the tightness is a result of soft-tissue swelling after cast
application, the results of overly tight casts can be devastating.
Vascular compromise of the skin as a result of “hot spots” can
quickly lead to skin breakdown in a matter of hours. More con-
cerning is the potential for compartment syndrome, vascular com-
promise, and compression neuropathy. As such, any complaints of
pain or burning in the newly casted patient must be taken ser-
iously and evaluated expeditiously.

Lastly, although perhaps not caused by casting itself but
from the resulting immobility, deep venous thrombosis and throm-
boembolism are more likely seen in the casted patient.'® As
a result, in some countries, it is standard practice to prophylacti-
cally administer low-molecular-weight heparin to the casted
patient. Consideration must also be given to how long a
joint can be immobilized before the risks associated with the
loss of joint motion outweigh the benefits of further casting.
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Figure16.6 Making a thumb spica short arm cast. A,Thumb spica stockinette complete. B,Thumb spicaWebril complete.C, Thumb spica casting tape being cut
to accommodate the thumb. D, Thumb spica cast complete.

Table 16.1 Upper Extremity Splints

Region Splint/Brace Type Indications Application Tips
Fingers Buddy tape IP and MCP sprains (second through fifth digits) Tape the two digits above and below the injured joint.
Pad between the digits.
Aluminum splints IP and MCP sprains (second through fifth digits) Dorsal application is more functional than volar
application.
Stack splints DIP injuries, tuft fx, mallet finger Finger should be kept in extension on a flat surface if
and when the splint is removed or changed.
Oval 8 splints DIP or PIP injuries Simply slide splint over the injured joint. Note DIP
precautions above.
Finger/hand Radial gutter splint Suspected phalangeal or MC fx (second/third digits) Splint in an anatomic position (e.g., the “holding a
can” position).
Ulnar gutter splint Suspected phalangeal or MC fx (fourth/fifth digits) Splint in an anatomic position (e.g., the “holding a
can” position).
Thumb Thumb spica splint Thumb fx, first MCP ulnar collateral ligament injury, Extra padding at the snuff box of de Quervain’s region
possible scaphoid fx, and de Quervain’s tenosynovitis avoids irritation and injury by the splint.
Wrist/hand Volar wrist splint Wrist sprains and suspected metacarpal fractures A dorsal splint may also be applied for increased

strength and improved stability.



Table 16.1 Upper Extremity Splints—cont’d
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Region Splint/Brace Type Indications Application Tips
Hand Orthoplast, RTV 11 Hand contusions and metacarpal injury Orthoplast is light and durable, and its edges should
be trimmed. Apply RTV 11 in layers (this is
approved by the NCAA).
Fingers/thumb/ Club, soft elastic band  Finger sprains, dislocations, and thumb injuries Do not isolate the thumb; this is not a good option if
hand orthosis grasping is essential for the player.
Wrist/forearm Sugar tong splint Distal radius/ulnar fx, midshaft forearm fx Extend the splint to the distal MCP necks; this limits
pronation and supination.
Wrist/forearm/ Double sugar tong Distal radius/ulnar fx, mid/proximal forearm fx; elbow This is the best immobilizer; it limits pronation/
elbow splint fx/dislocations supination and elbow flexion/extension.
Elbow/arm Long arm posterior Proximal forearm, elbow or distal humerus fx This is best if it is used with a sling; the double sugar
splint tong splint providers better stability.
Shoulder Sling + swath Dislocation/subluxation, sprain, AC joint injury, This is easily fashioned with a triangular bandage or

suspected proximal humerus fx, and scapular injury

Recurrent dislocation or subluxation/instability (restricts
abduction and external rotation)

Brace: harness or
dynamic

by pinning the sleeve to the shirt with safety pins.

A harness is useful if overhead motion not needed; a
dynamic brace is not as effective as a hamness, but
it may help if overhead motion is required.

AC, acromio-clavicular; DIP, distal interphalangeal; fx, fractures; IP, interphalangeal; MC, metacarpal; MCP, metacarpophalangeal; NCAA, National Collegiate Athletic Association; PIP,
proximal interphalangeal; RTV, room temperature vulcanizing silicone rubber splinting material.

Adapted from Honsik K, Boyd A, Rubin AL: Curr Sports Med Rep 2003;2(3):147-154.

Contractures of the elbow and hand, for example, are known
complications of prolonged continuous immobilization'' (Tables
16.1, 16.2, and 16.3).

SPLINTAND CAST CARE AND REMOVAL

Although certain casts that involve the use of waterproof materials
can and should get wet, traditional plaster and fiberglass splints
and casts should not get wet. Patients should receive education
about proper cast and splint care. An example of a patient handout

Table 16.2 Lower Extremity and Back Splints

for how to care for a broken bone and cast is provided in Box
16.1. Finally, it is important to complete splint and/or casting care
with the competent removal of the brace. Most splints can be
removed by simply unwrapping the elastic bandage and gently
prying the splint off of the injured body part. Cast removal requires
much more finesse and skill, particularly when a pediatric patient
is involved. The appropriate use of a cast saw requires enough
pressure to cut through the cast material without burning or abrad-
ing the patient’s skin (see Figure 16.5). Although difficult to cut
skin with a cast saw, it is possible. When cutting through a Gore-
Procel lined cast, a plastic guide is inserted next to the skin to

Region Splint/Brace Type Indications Application Tips

Back Spine board, mattress vacuum splint Any disabling injury to the thoracic or Practice and training are needed to properly use
lumbar spine backboards and splints.

Hips/pelvis Spine board, crutches, mattress vacuum Hip dislocation and pelvic fx If possible, early hip reduction may decrease the

splint risk of AVN.
Femur Traction splint Suspected femur fx Early traction decreases pain and potential space
for hematoma formation.

Knee Long leg posterior splint Knee dislocation or a completely This type of splint is too big for a kit; speak with
unstable knee the trainer about having it available at events.

Knee immobilizer brace Knee sprain, suspected patellar fx, and  Sidebars may be bent to be more comfortable

patellar dislocation/subluxation before the brace is applied.

Hinged knee brace ACL/PCL/MCL/LCL injuries Many models are adjustable and can block the
knee within a specific ROM; this is the best
choice if early ROM will speed recovery.

Ankle/leg/foot Posterior ankle splint, stirrup splint, or Distal tibia/fibula fx, ankle dislocation/  Splint in the equinus position for Achilles injuries,

posterior/stirrup combination splint

Walking boot

sprain, tarsal or metatarsal fx, and
Achilles tendon injury/rupture

Stable distal tibia/fibula fx, ankle
sprain/tendinitis, and tarsal or
metatarsal fx

but splint other at 90 degrees. The stirrup is
the best choice for early return to play.

This splint is easy to apply, although the
affected joint may initially need to not bear
weight.

ACL, anterior cruciate ligament; AVN, avascular necrosis; fx, fractures; LCL, lateral collateral ligament; MCL, medial collateral ligament; PCL, posterior cruciate ligament; ROM, range of motion.
Adapted from Honsik K, Boyd A, Rubin AL: Curr Sports Med Rep 2003;2(3):147-154.
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C D
Figure 16.7 Making a short leg walking cast. A, Short leg cast with stockinette complete. B, Short leg cast Webril complete. (Note extra padding around
metatarsul heads, malleoli, and fibular head.) C, Short leg with base layer complete before final cosmetic layer. D, Short leg cast completed with final outer layer.




Table 16.3 National Collegiate Athletic Association Rules Regarding Protective Equipment

Sport National Collegiate Athletic Association Rules

Baseball None.

Basketball Elbow, hand, finger, wrist, or forearm guards, casts, or braces made of fiberglass, plaster, metal, or any other nonpliable substance shall
be prohibited. Pliable (flexible or easily bent) material covered on all exterior sides and edges with no less than 0.5-inch thickness of
a slow-rebounding foam shall be used to immobilize and/or protect an injury. The prohibition of the use of hard-substance material
does not apply to the upper arm, shoulder, thigh, or lower leg if the material is padded so that it does not to create a hazard for
other players. Equipment that could cut or cause an injury to another player is prohibited, without respect to whether the equipment is
hard. Equipment that, in the referee’s judgment, is dangerous to other players may not be worn.

Fencing None.

Field hockey Players shall not wear anything that may be dangerous to other players. Players have the option of wearing soft headgear that is subject
to game official approval.

Football lllegal equipment includes the following:

1. Equipment worn by a player, including artificial limbs, that would endanger other players.

2. Hard, abrasive, or unyielding substances on the hand, wrist, forearm, or elbow of any player, unless the substance is covered on all
exterior sides and edges with closed-cell, slow-recovery foam padding no less than 0.5-inch thick or with an alternative material of
the same minimum thickness and similar physical properties. Hard or unyielding substances are permitted, if covered, only to protect
an injury. Hand and arm protectors (covered casts or splints) are permitted only to protect a fracture or dislocation.

3. Thigh guards of any hard substances (unless all surfaces are covered with material such as closed-cell vinyl foam that is at least
0.25-inch thick on the outside surface and at least 0.375-inch thick on the inside surface and the overlaps of the edges).

4. Shin guards (unless covered on both sides and all edges with closed-cell, slow-recovery foam padding at least 0.5-inch thick or with
an alternative material of the same minimum thickness having similar physical properties).

5. Therapeutic or preventive knee braces (unless worn under the pants and entirely covered from direct external exposure).

6. Projections of metal or other hard substance from a player's person or clothing.

Gymnastics None.
Ice hockey 1. The use of pads or protectors made of metal or any other material that is likely to cause injury to a player is prohibited.

Women'’s lacrosse

Men’s lacrosse

Riflery
Soccer

Skiing
Softball

Swimming and
diving
Track and field

Volleyball

Water polo
Wrestling

2. The use of any protective equipment that is not injurious to the player wearing it or to other players is recommended.

3. Jewelry is not allowed, except for religious or medical medals, which must be taped to the body.

Protective devices that are required on genuine medical grounds must be approved by the umpires. Close-fitting gloves, nose guards,

eye guards, and soft headgear may be worn by all players. These devices must create no danger to other players.

1. A player shall not wear any equipment that, in the opinion of the official, endangers the individual or others.

2. The special equipment worn by the goalkeeper shall not exceed standard equipment for a field player plus standard goalkeeper
equipment, which includes shin guards, chest protectors, and throat protectors

None.

1. A player shall not wear anything that is dangerous to another player.

2. Knee braces are permissible provided that no metal is exposed.

3. Casts are permitted if they are covered and not considered dangerous.

4. A player shall not wear any jewelry, including earrings, chains, charms, watches, hair clips, bobby pins, tongue studs, or items
associated with piercing (visible or not visible). Exceptions are medical alert bracelets or necklaces, which may be worn but must be
taped to the body.

None.

Casts, braces, splints, and prostheses must be well padded to protect both the player and the opponent, and they must be neutral in
color. If they are worn by the pitcher, they cannot be distracting on the nonpitching arm. If they are worn on the pitching arm, they
may not cause a safety risk or an unfair competitive advantage.

None.

1. No taping of any part of the hand, thumb, or fingers will be permitted in the discus and javelin throws or in the shot put except to
cover or protect an open wound. In the hammer throw, the taping of individual fingers is permissible. Any taping must be shown to
the head event judge before the event starts.

2. In the pole vault, the use of a forearm cover to prevent injuries is permissible.
1. It is forbidden to wear any object that may cause an injury or give an artificial advantage to the player, including but not limited to

headgear, jewelry, and unsafe casts or braces. Religious medallions or medical identifications must be removed from chains and
taped or sewn under the uniform.

2. All jewelry must be removed. Earrings must be removed. The taping of earrings or other jewelry is not permitted.

3. Hard splints or other potentially dangerous protective devices worn on the arms or hands are prohibited, unless they are padded on
all sides with slow rebounding foam that is at least 0.5-inch thick.

None.

1. Anything that does not allow normal movement of the joints and that prevents one’s opponent from applying normal holds shall be barred.

2. Any legal device that is hard and abrasive must be covered and padded. Loose pads are prohibited. It is recommended that all
wrestlers wear a protective mouth guard.

3. Jewelry is not allowed.

Adapted from National Collegiate Athletic Association: Guideline 4a, Protective Equipment, Revised June 2002.
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Box 16.1: How to Care for Your Broken Bone

Keep it elevated and get out the ice!

Icing and elevation are the best remedies for decreasing swelling that
can cause pain and slow down the healing process around your
broken bone. For the first 2 to 3 days after your injury, keep the
broken bone elevated as much as possible to at least the level of
your heart, and restrict movement of the injured area. During the first
24 hours after your injury, put an ice pack directly on the splint or
cast over the area of the broken bone for 20 to 30 minutes every

1 to 2 hours while you are awake. On the second day, apply the ice
for 20 to 30 minutes at least four times per day. Avoid getting the
splint or cast wet unless it is a cast that is designed to get wet.

What about the pain?

It is normal to have some pain after breaking a bone. Icing and
elevation should help relieve some of the pain. The cast or splint also
helps reduce pain by keeping the injured area immobile. Pain should
gradually decrease each day. If the pain becomes worse after a cast
has been applied or if you start having pain in a different area, the cast
may be too tight. Notify your doctor right away (or go to the emergency
room), and elevate the cast until your doctor reexamines you.

How do I care for my cast?

Casts may be made of either fiberglass or plaster. Ask your doctor
which kind of cast you have. Unless your cast is designed to get wet,
it is best to avoid getting the cast wet. If the cast is not designed to
get wet, before bathing, put a plastic bag over the cast, and attach
the bag to the cast with a rubber band. If the cast gets wet, try drying
it by blowing air through the outside of the cast with a blow dryer that
is adjusted to a low setting. If the padding under the cast does not
dry, call your doctor to get a new cast as soon as possible. You
should also have your cast replaced if it softens, cracks, or breaks.
Avoid using knitting needles, rulers, or other devices to scratch an itch
under the cast because this can lead to skin breakdown and
infections. Instead, try tapping or slapping the cast to relieve the itch.

Call your doctor immediately if you have any of the following:
e Increased numbness or tingling under the cast
e A change in the color of your fingers or toes

e A sensation that your cast may be too tight or that there is an area
of irritation

Adapted from Eiff MP: General principles of fracture management. In Eiff MP,
Hatch R, Culmbach WL: Fracture Management for Primary Care, 2nd ed.
Philadelphia, Saunders, 2003, p 20.

protect the skin from the cast saw. Remember: Gore-Procel pad-
ding does not resist the cast saw as well as traditional padding
material does (Figure 16.8).

Splinting and casting are common treatments in the care of the
injured athlete. Although these materials are commonplace in
training rooms and clinics alike, the choice of which splint or

Figure 16.8 How to use a cast saw. Note thumb placement to anchor and
stabilize the hand operating the saw.

cast to use can be the source of significant consternation.
Likewise, fabrication of comfortable, effective splints and casts
can be challenging to the uninitiated. This brief review will help
improve providers’ confidence and skill in both facets of care. In
the end, excellent patient/athlete outcomes should rightly remain
the ultimate mutual goal.
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CHAPTER

Radiographic Lines and Angles

Peter H. Seidenberg, MD, FAAFP

INTRODUCTION

In sports medicine, radiographs are often required during the eval-
uation of the injured athlete. It is advisable that clinicians review all
of the films that they order and not rely solely on the radiologist’s
report. The sports medicine physician has the distinct advantage of
the clinical examination coupled with the radiographs, whereas
the radiologist only has the films. Thus, it is in the patient’s best
interest that the physician be adept at reading such studies. The
physician’s ability to differentiate the (at times) subtle difference
between normal and abnormal x-ray findings will greatly enhance
his or her ability to accurately determine what therapeutic inter-
ventions are appropriate and whether or not it is safe for the ath-
lete to continue to participate. This chapter includes some
important lines and angles that are used by musculoskeletal phy-
sicians and radiologists while they are reviewing films. The normal
values should be taken into consideration during fracture reduc-
tions. Although the list is not exhaustive or necessarily evidence
based, it is another tool in the physician’s sports medicine bag for
clinical evaluations.

CERVICAL SPINE: LATERAL

Retropharyngeal space® (Figure 17.1)

e Distance from the posterior pharyngeal wall to the anteroinfer-
jor aspect of C2

e Normal: less than 7 mm

Retrotracheal space® (sce Figure 17.1)

e Distance from the posterior wall of the trachea to the anteroin-
ferior aspect of C6

e Normal in adults: less than 22 mm
Normal in children: less than 14 mm

Anterior vertebral line* (sce Figure 17.1)
e Drawn along the anterior margins of the vertebral bodies
e Should run smoothly without angulation or disruption

Posterior vertebral line* (sce Figure 17.1)

e Drawn along the posterior margins of the vertebral bodies
e Outlines anterior margin of the spinal canal

e Should run smoothly without angulation or disruption

Spinolaminar line* (sce Figure 17.1)

e Drawn along the anterior margins of the bases of the spinous
processes at the junction with the lamina
Outlines the posterior margin of the spinal canal
Should run smoothly without angulation or disruption

Posterior spinous line* (sce Figure 17.1)
e Drawn along the tips of the spinous processes from C2 to C7
e Should run smoothly without angulation or disruption

Clivus—odontoid line* (sce Figure 17.1)

e Drawn from the dorsum sellae along the clivus to the anterior
margin of the foramen magnum

e Should point to the junction of the anterior and middle thirds of
the tip of the odontoid process

Torg ratio? (Figure 17.2)

e Used to check for the presence of developmental cervical
stenosis

e Spinal-canal-to-vertebral-body ratio

e (Distance of the spinolaminar line to the posterior aspect of the
vertebral body)/(Diameter of the vertebral body)
Normal: greater than 1.0
Abnormal: less than 0.8

McRae’s line* (Figure 17.3)

e Diameter of line drawn through the foramen magnum opening

e Normal: tip of odontoid process of axis should be at or below
McRae’s line

Chamberlain’s line* (Figure 17.4)

e Posterior edge of the foramen magnum to the most posterior
aspect of the hard palate

e Normal: odontoid tip 3 mm above Chamberlain’s line

e Greater than 6.6 mm above this line signifies cranial settling

McGregor’s line® (Figure 17.5)

e Most posterior aspect of the hard palate to the lowest border of
the posterior skull

e Normal: tip of odontoid process less than 4.5 mm above
McGregor’s line



@ Chapter 17 - Radiographic lines and angles

LATERAL CERVICAL SPINE LANDMARKS

RP = retropharyngeal
space
RT = retrotracheal
, space

1 = anterior vertebral
line

2 = posterior vertebral

3= Islg?nolaminar line Figure 17.3 McRae’s line. (From Greenspan A: Spine. In Orthopedic

4 = posterior spinous Radiology: A Practical Approach, 3rd ed. Philadelphia, Lippincott Williams &
line Wilkins, 2000, p 336.)

5 = clivus odontoid
line

Space available for cord® (Figure 17.6)
e Also known as spinal canal width
~4 e Posterior aspect of odontoid process or vertebral body to the
nearest posterior structure
e Normal at the craniocervical junction: 13 to 14 mm
e Normal below C2: 12 mm
e Significance: cord compression

Figure 17.1 Lateral cervical spine (From Greenspan A: Orthopedic
Radiology: A Practical Approach, 3rd ed. Philadelphia, Lippincott Williams &

.
@
&

a
b

/)

Figure 17.4 Chamberlain’s line. (From Greenspan A: Spine. In Orthopedic

Radiology: A Practical Approach, 3rd ed. Philadelphia, Lippincott Williams &
Figure17.2 Torgratio. (From McAlindon RJ: Clin Sports Med 2002;21[1]:1-14.) Wilkins, 2000, p 336.)



Figure 17.5 McGregor’s line. (From Greenspan A: Spine. In Orthopedic

Radiology: A Practical Approach, 3rd ed. Philadelphia, Lippincott Williams &

Wilkins, 2000, p 336.)

Atlantal dens interval® (sce Figure 17.6)

e Distance from anterior border of the odontoid to the posterior

border of the atlantal ring

Normal in adults: less than 3 mm
Normal in children: less than 4 mm
Significance: atlantoaxial instability

If 10 to 12 mm, all ligaments ruptured

Space
available
for cord

(SAC)

Atlas—dens
interval
(ADI)

Figure 17.6 Space available for cord and the atlas—dens interval. (From
Herman MJ, Pizzutillo PD: Orthop Clin North Am 1999;30[3]:457-466.)

Thoracic and lumbar spine @
Upper
end-vertebra l
P

Lower

end-vertebra Q
Q Angle a = angle b

Figure 17.7 C