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The seventh edition of the Manual of Orthopaedics completes the conversion of the 
manual from one focused on medical students and residents to adding the audience 
of emergency room provider, urgent care providers, and primary care providers. 
This is the third edition to use this title, which was changed from the original title 
of Manual of Acute Orthopaedic Therapeutics. The title change started the evolution 
toward the broader audience which is now complete. This introduction will conclude 
with a list of new features in the seventh edition. It remains a worthwhile task to 
review the history of this useful “spiral notebook” to place the continuing changes 
within the context of the evolution of orthopaedic care.

The Manual of Acute Orthopaedic Therapeutics was the creation of Dr. Larry 
Iversen who worked out its basic framework and conceptualization with his ortho-
paedic mentor, Dr. D. Kay Clawson. Dr. Iversen was at the time a senior resident 
working closely with Dr. Clawson, who was the first professor and Chairman of the 
Department of Orthopaedic Surgery at the University of Washington. The ortho-
paedic services at the University Hospital and King County Hospital (later renamed 
Harborview Medical Center) were active and focused mainly around the manage-
ment of injured patients. Drs. Clawson and Iversen saw the need for a manual that 
would improve teaching and patient care in these institutions. Those were days when 
the management of long bone fractures was in transition from traction and casting 
to operative techniques, and the University of Washington Orthopaedic depart-
ment was at the forefront with wonderful, dedicated, and creative clinicians like  
Drs. Robert Smith and Sigvard Hansen. Care was primarily delivered by junior house 
staff, interns, and students, and they needed information readily at hand. Therefore, 
the manual provided the “how-to’s” for traction, casting, and pre- and postoperative 
care while explaining the rationale for treatment decisions and providing an excellent 
reference list for later review and indepth study. This manual was a labor of love for 
Drs. Iversen and Clawson; the two would often work on the manuscripts for three 
straight weeks seated around the dining room table in Dr. Clawson’s home. Little 
Brown publishers liked the concept of the book and added it to its growing list of 
subspecialty spiral manuals; the book enjoyed broad acceptance.

Each of the first three editions brought a review of the contents and reference list 
for each chapter as the field continued to evolve. In 1987, I returned to the University  
of Washington, where I had done my training (and used the second edition), to as-
sume a position at Harborview Medical Center. In 1991, I was a new professor in 
the department and chief of the orthopaedic service, and Dr. Clawson asked me to 
assume his place with the manual. It then became Dr. Iversen and I who labored for 
2 weeks in the medical school library revising the chapters, updating the reference lists, 
adding sections of historical references, changing several illustrations, and adding fresh 
chapters on infection and rheumatologic conditions. As such we began to broaden the 
scope of the manual to include conditions that were nonacute and nontrauma-related 
in order to make the manual more useful for students and interns as well as to provide 
a more comprehensive tool for primary care physicians. The changes in care delivery 
moved strongly in favor of attending delivered/supervised care in academic centers 
where the manual was in widespread use. As such the chapters evolved drastically as 
the push toward operative management of fractures had dramatically changed the way 
trauma patients were managed—for the better, we believe.

Preface
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For the fifth edition, Dr. Iversen, with a mature, busy private practice in Bremerton, 
Washington, chose to step aside. I moved from the University of Washington to assume 
the Chair of the Orthopaedic Surgery Department at the University of Minnesota in 
1997, and brought the project along. This was the point where we made a major philo-
sophical shift in the manual, changing its title to the Manual of Orthopaedics. It became 
a more comprehensive tool, covering nearly all areas of orthopaedic surgery in new chap-
ters. Members of the Department of Orthopaedic Surgery at the University of Minnesota 
agreed to support the project by authoring new chapters on pediatric orthopaedics, non-
traumatic hand and shoulder surgery, spine, and chronic and nonacute lower extremity 
orthopaedics. Treatment protocols preferred by the attending staff at Hennepin County 
Medial Center, where the University of Minnesota has a level 1 trauma rotation, were 
added. These were placed at the end of appropriate chapters, and the intent was to pro-
vide a set of principles for decision making, which serve as a starting point for developing 
individualized treatment plans for patients. The manual at that time moved from a two-
author project to a multiple-author, single orthopaedic surgery department project in the 
evolution toward greater usefulness for students, house staff, and primary care physicians.

In the sixth edition, the trend continued. New chapters were added on injection 
techniques and sections within each individual “nonacute” chapter provide guidelines 
for primary care and emergency room providers to evaluate presenting complaints 
from patients. In the era of increasing emphasis on cost containment, we tried to 
provide guidelines for primary care and emergent/urgent providers as to when ex-
pensive diagnostic tests should be offered and provided direction for how the use of 
physical and occupational/hand therapy should be utilized. Dr. Stovitz was added as 
a co-editor. He reviewed all chapters in order to assure that the entire manual had 
maximized usefulness for the primary care and emergent/urgent care provider.

All chapters have been updated with fresh reviews of the literature focusing on the in-
clusion of newer level I and level II data. New authors have been involved in greater than 
50% of the chapters to gain a fresh perspective and to update the chapter outlines where 
indicated. The discussion of individual musculoskeletal conditions and the reference lists 
are not meant be comprehensive, rather they are meant to provide a starting point in ap-
proaching an individual patient with a musculoskeletal problem. Every student, resident, 
and provider is encouraged to delve more deeply into the study of the condition; both 
the reference list and historical references will be useful in gaining more information for 
personal gratification or for preparing for teaching conference discussions. Generally 
speaking, there is no single way to manage an orthopaedic injury or condition; we have 
attempted to provide scholarly discussions that cover the gamut of approaches while in-
forming the reader of what we think is the best current method. We have attempted to be 
clear about which conditions are appropriately managed by primary care and emergent/
urgent care providers and which need orthopaedic subspecialist care.

No individual in the Department of Orthopaedic Surgery at the University of 
Minnesota will receive personal remuneration for this project. The funds derived 
from the sale of this book will be utilized to further resident and student education 
and research. This principle rings true to the initial motivation of Drs. Clawson and 
Iversen in creating this manual. The seventh edition continues to be dedicated to these 
two fine surgeon educators as well as to the many students, residents, primary care, 
and emergent/urgent care providers who will benefit from the Manual of Orthopaedics.

Marc F. Swiontkowski, MD
Steven D. Stovitz, MD, MS
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1
 I. GENERAL APPROACH. In medical school and residency, clinicians are taught 

to focus on preventing life-threatening events such as myocardial infarctions, 
stroke, and cancer. When a patient comes in with a mere musculoskeletal 
 complaint, clinicians are often unprepared. We find that students and young 
clinicians who see patients with musculoskeletal complaints downplay the 
patient’s symptoms. A patient’s complaint of “my knee bothers me when I run 
more than three miles” may be met with the clinician thinking, “Well then 
don’t run more than three miles.” Physician downplaying of musculoskeletal 
complaints may be especially frequent when the patient with the knee pain also 
has an elevated risk for cardiovascular disease or diabetes.

However, it is our job to listen to and assist patients with musculoskeletal 
pain. First and foremost, it is the patient’s concern! Furthermore, although the 
pain may not be life-threatening in the immediate future, it may in fact pose 
a tremendous threat to their long-term health. It is clear that higher levels of 
physical activity are associated with lower risk for cardiovascular morbidity and 
mortality.1–3 If musculoskeletal pain is prohibiting the patient from maintain-
ing his or her desirable amount of physical activity, it may be predisposing them 
to obesity, type 2 diabetes, hypertension, and hypercholesterolemia. In this 
manner, musculoskeletal pain may be considered a cardiovascular risk  factor. 
Given that we now live in an age of diseases of sedentary lifestyles, it is the 
clinician’s job to help patients maintain a physically active lifestyle. Telling the 
patient who has knee pain with running to simply “rest” is like telling a patient 
who says he or she does not like the taste of broccoli to simply “eat cookies.” 
If the problem is such that running in the short term makes symptoms worse, 
then encourage other activities (i.e., help them to discover strategies to cross-
train). Also, we need to be wary of using the term “overuse” when describing 
the cause of a patient’s musculoskeletal pain. Although it is true that some 
repetitive motions in specific areas can cause soft tissue stress, individuals who 
are more active often have less musculoskeletal pain.4,5 Our focus needs to be 
on making a proper diagnosis and encouraging the patient to remain active in 
ways that will not prolong the injury. Realize that rest is often detrimental to 
injury healing (e.g. with tendinopathies).

 II. THE HISTORY. When gathering a history of the chief complaint from the patient 
with musculoskeletal pain, many of the principles are well ingrained in standard 
medical training programs: onset, duration, frequency, location, severity, character, 
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radiation, precipitating and relieving factors, etc. The piece of the history that is 
unique in evaluating the patient with musculoskeletal pain is that of “function.” It 
is important to understand the lifestyle of the patient and discover where, when, 
and how the pain uniquely impacts the lifestyle of each particular patient.

Regarding a patient’s medical history, keep in mind things that may 
 predispose the patient to a particular diagnosis. Patients with diabetes mellitus 
have a greater than average risk of developing adhesive capsulitis in the shoul-
der (i.e., a frozen shoulder). Patients who have a history of an anterior cruciate 
ligament (ACL) knee injury are more likely to develop meniscal tears. And, 
patients who have a history of stress fractures may have a composition of bone 
that puts them at risk for another stress fracture.

 III. REVIEW OF SYSTEMS. Clinicians should become familiar with pertinent 
areas of focus in the review of systems. Nowhere is this more important than in 
the evaluation of back pain. When evaluating a 35-year-old patient with back 
pain, often no imaging tests are indicated. However, when the patient also re-
ports concurrent fevers, night sweats, or unexplained weight changes, imaging 
and further diagnostic testing is certainly justified.6,7

A focused review of systems for joint pains in the extremities may be as 
follows:

Joint Complaint Pertinent Review of Systems

Shoulder Neck pain, hand pain, chest pain,a abdominal painb

Elbow Neck pain, shoulder pain, hand pain

Hand and digits Neck pain, shoulder pain, elbow pain

Hip Back pain, abdominal pain, pelvic pain

Knee Back pain, hip pain

Lower leg, ankles, and 
feet

Back pain, hip pain, knee pain

a Chest pain may radiate to either the left or the right shoulder.
b Diaphragmatic irritation can cause shoulder pain through irritation of the phrenic nerve.

 IV. THE PHYSICAL EXAMINATION. As discussed extensively throughout this 
book, each joint has its own unique physical examination. Still, a few general 
principles remain.

	 	 •		Proper	exposure	of	the	affected	area	is	necessary	to	assess	any	overlying	skin	
infections and to perform many of the musculoskeletal tests.
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	 	 •		It	 is	 very	 difficult	 to	 perform	 a	 Lachman’s	 test	 for	 an	ACL	 injury	 if	 the	
patient is wearing long pants (that do not pull up to the mid-thigh).

	 	 •		Always	ask	permission	from	the	patient	prior	to	exposing	any	areas.
	 	 •		In	general,	have	the	patient	try	active	range	of	motion	before	you	move	the	

joint through passive range of motion. Certainly, there are exceptions to this 
rule, but it is a good general guideline.

	 	 •		Consider	approaching	each	joint	through	the	following	four	steps:	(1)	obser-
vation, (2) palpation, (3) range of motion, and (4) special tests.

	 	 •		Students	 and	 clinicians	 are	 often	 overwhelmed	 by	 the	 number	 of	 special	
tests in the musculoskeletal examination. Many conditions can be diag-
nosed simply from steps (1), (2), and (3). Knowing your anatomy helps!

	 	 •		Consider	X-ray	radiography	after	a	brief	examination,	but	prior	to	fully	com-
pleting your examination.

	 	 •		Medical	students	are	taught	to	fully	examine	patients	prior	to	ordering	tests.	
However, if you are ordering a test to evaluate for a possible fracture, you 
may want to avoid forcefully tugging on the joint (as required by some of 
the	special	tests)	before	viewing	an	X-ray.

	 	 •		Enjoy	 learning	and	using	 the	musculoskeletal	examination.	 It	 is	one	of	 the	
last remaining parts of medicine that can generally be done with the use of a 
clinician’s eyes, ears, hands, and intellect.
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 I. INTRODUCTION AND PHILOSOPHY

A. Epidemiology of orthopaedic trauma. Musculoskeletal trauma has gained 
increased public attention over the past 15 years for a number of reasons. 
Such reasons include the realization of societal impact from health care 
costs and lost workdays in the labor force. These statistics are coupled 
with an increased understanding that the orthopaedic surgeon and health 
care team can positively influence outcomes, both through intervention 
and education on injury prevention. Leadership from key organizations 
(Orthopaedic Trauma Association, Arbeitsgemeinshaft fur Osteosynthe-
sisfragen, American Academy of Orthopaedic Surgeons, American Col-
lege of Surgeons [ACS], American Orthopaedic Association, and others) 
has played a major role in lobbying for proactive trauma-related health 
care policy and implementation of public education programs for injury 
prevention.

Although it is likely that educational measures such as seat belt safety, 
aggressive standards for highway safety, and lower blood alcohol limits for 
drivers help to lower accident-related injury rates, other forces seem to 
counter such progress, such as the pervasive trend toward faster cars and 
the burgeoning enthusiasm for extreme sports and the use of cell phones 
and texting while driving. In addition, new and significant musculoskeletal 
injuries are being seen in areas such as those due to airbags in survivors of 
motor vehicle accidents.

An even greater awareness is emerging regarding the aging baby boom-
ers who will account for massive demands on the healthcare system. The 
baby boomers will be hitting the 65-year-old age mark in 2011, and it is 
estimated that by the year 2040 there will be 35,000,000 more people over 
the age of 55 than there are now and that the number of hip fractures alone 
will increase from 250,000 to 500,000 on an annual basis.1 Geriatric mus-
culoskeletal trauma is due to the vulnerability of the skeletal system from 
the natural process of relative bone mineral loss manifesting in the condi-
tion of osteoporosis. Compounding the number of injuries in this group 
is the increasingly active lifestyle of this aging population and increasing 
lifespan. To put it in perspective, it is estimated that one-third of all women 
reaching the age of 90 will sustain at least one hip fracture.2
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B. Definition of musculoskeletal trauma. Musculoskeletal trauma includes 
any injury to bone, joint (including ligaments), or muscle (including 
tendons). Nearly always, such injuries occur in combination, as the energy 
imparted to breaking a bone or tearing a ligament is also dissipated to 
impact structures nearby or even distant from the most obvious site. With 
greater experience, such combinations of injuries become more apparent 
to the diagnostician, which leads to swifter and more accurate detection of 
injury characterization.

C. Multiple injuries. The energy it takes to render trauma to the musculoskel-
etal system can also injure other organs. This is particularly common with 
the high-energy mechanisms that are responsible for pelvic, spine, shoulder 
girdle, or long bone fractures. Owing to the greater density and strength 
of bone in younger individuals, there are even greater energy required to 
create fractures in this population. Therefore, it is incumbent upon the 
trauma team to remain vigilant to the likelihood of injuries to other bones 
and other organ systems. Often, the dramatic and salient injuries, so-called 
distracting injuries, during the initial patient evaluation will attract the 
diagnostic and therapeutic attention, whereas occult and sometimes equally 
grave injuries remain initially undetected.

For example, it is estimated that only 7% of the patients who die from 
life-threatening high-energy pelvic fractures actually die from arterial ex-
sanguination related to the pelvic fracture itself,3 whereas the rest succumb 
due to injury involving other organ systems, with head injury representing 
the predominant cause.4 Forty percent of patients with femur fractures 
have other associated fractures,5 and 90% of patients with scapula fractures 
have other associated injuries.6 Heightened awareness when evaluating the 
trauma patient will keep the missed injury rate to a minimum.

D. Missed injury rate. The missed injury rate in the context of polytrauma 
has been reported to be 4% to 18%.7 It is important to drive down this rate 
with appropriate protocols that underscore the importance of the second-
ary survey, as well as a re-review of the patient’s physical examination each 
ensuing day after injury. A secondary survey is a head-to-toe review by a 
physician that occurs after the initial primary survey, which is defined as 
the evaluation of the patient’s airway, breathing, circulation, disability, and 
exposure, followed by screening imaging of the cervical spine (spiral com-
puted tomography [CT] scan), anteroposterior chest, and pelvic X-ray).

The main reasons cited for missing injuries include multisystem trauma 
with another more apparent orthopaedic injury, trauma victim being too 
unstable for a full orthopaedic evaluation, altered sensorium, hastily applied 
initial splints obscuring injuries, and inadequate radiographs.8

E. Multiple patients. It is not uncommon, particularly at a Level I trauma 
center, to require simultaneous evaluation of multiple patients, such as with 
motor vehicle collisions in which multiple victims are involved. Doctors 
who have had some training on the fundamentals of trauma surgery and, 
in particular, Advanced Trauma Life Support (ATLS), which includes 
strategies for triaging patients and resources during a mass casualty situ-
ation, must be available in order to effectively “captain the ship.” ATLS 
courses have been developed, refined, and sponsored by the ACS and have 
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an excellent educational track record. Typically (but not exclusively), in the 
United States, it is a general surgery trauma surgeon who is running the 
trauma room. It is beyond the scope of this orthopaedic text to delve into 
the specifics of ATLS management; however, we will focus on some of the 
fundamentals and cover the triage process of multiple orthopaedic injuries 
that may present during such circumstances. To further master the details 
of ATLS management, please refer to the ATLS Manual (8th edition) pub-
lished in 2008.

It is imperative to understand what is an orthopaedic emergency and 
what is orthopaedically urgent. A review of the “orthopaedic emergen-
cies” in a subsequent section of this chapter will help to understand how 
these injuries need to be prioritized for treatment. Furthermore, it is im-
portant to understand what measures can be taken to staged orthopaedic 
treatment. Not all broken bones need immediate definitive treatment, and 
the practitioner must understand how to titrate the proposed treatment 
to the physiologic presentation of the patient. For example, a patient with 
limited physiologic reserve, due to a great physiologic challenge from hem-
orrhagic shock and compromised ventilation from a hemothorax, should 
not spend excessive hours in the operating room getting several fractured 
bones stabilized. In such a case, it may be prudent to place an external 
fixator across a broken femur rather than to immediately nail the femur 
or place a plaster splint on a displaced ankle fracture rather than to fix it 
right away. These measures save a lot of time, blood loss, anesthesia, fluid 
challenge, and avoid the “second hit” during a potentially critical stage in 
postinjury physiologic evolution.

There are many ways to stage the treatment of injuries, which also gives 
the orthopaedist more time to solicit expertise, get to know the patient and 
family, plan the details of an operation, and understand the comorbidities 
and the likelihood of patient compliance. All these different factors may, in 
fact, impact the ultimate treatment that the orthopaedic surgeon chooses to 
render and will most certainly influence positive outcomes.

 II. EVALUATING THE TRAUMA PATIENT FROM THE ORTHOPAEDIC PER-
SPECTIVE. The patient who presents from an accident scene should receive a 
much different type of workup than would be called for by a scheduled history 
and physical examination, although certainly history and physical examination 
are part and parcel of the process.

It is important to acknowledge that there is a “captain of the ship,” typically 
an ATLS-trained general surgeon, who will have the clearest overview of the pa-
tient and who will be delegating many simultaneous responsibilities. The person 
taking primary responsibility for the orthopaedic injuries must heed the captain’s 
call and clearly communicate diagnostic or treatment priorities for the ortho-
paedic conditions and ultimately fit those into the context of overall priorities.

Trauma care is organized in three stages: primary survey, secondary survey, 
and definitive management. The primary survey occurs even before, or at least 
at the same time as, the history, so it will be discussed here first. Meanwhile, 
other members of the team are simultaneously obtaining the trauma series of 
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X-rays to be readily available for interpretation, drawing blood, or inserting a 
urinary catheter.
A. Primary survey. The primary survey is concerned with the preservation of 

life. The first steps in managing the trauma patient follow the ABCs. It is 
important to correct each of these problems in sequence. Another way to 
think of it is that a competent airway must be established if life is to con-
tinue through the rest of the evaluation. These initial steps have generally 
been performed by the paramedic team, but the surgeon in charge should 
follow the established ABC sequence.
1. Airway. The most common cause of preventable death in accidents 

is airway obstruction, so the trauma leader must immediately check 
whether the patient’s airway is adequate and patent. Any obstruction 
(e.g., vomitus, tongue, blood, dentures) must be removed and the air-
way secured by a jaw thrust maneuver or tracheal intubation.

2. Breathing. After airway obstruction has been ruled out or controlled 
(i.e., intubation), the patient’s ventilation should be assessed. The major 
life-threatening problems are tension pneumothorax, massive hemo-
thorax, and flail chest. Again, this aspect of the physical examination 
requires the examiner to inspect, touch, and auscultate the patient as this 
is typically done before radiographic diagnosis is available. Recognize 
that very recent data which may redefine priorities and favor mainte-
nance of circulation before breathing, such as during cardiopulmonary 
resuscitation. The theory is that the existing intravascular supply of oxy-
genated blood (approximately 5 L) in the bloodstream can be effective 
only if it circulates to key end organs.

3. Circulation. After breathing has been addressed, cardiovascular status 
must be immediately evaluated and supported. Prompt determination of 
vital signs is essential. Control of external bleeding is accomplished by 
direct pressure. Simple elevation of the lower extremities helps prevent 
venous bleeding from the limbs and increases cardiac venous return and 
preload. The classic Trendelenburg (head down) position is not used 
for more than a few minutes because it can interfere with respiratory ex-
change. In the critically injured or hemodynamically labile patient, venous 
blood samples should be taken for immediate type and cross matching.

Until cross-matched blood is available, rapidly infuse 1 to 2 L of iso-
tonic Ringer lactate or normal saline solution. If blood loss is minimal, 
blood pressure should return to normal and remain that way with only 
maintenance intravenous balanced saline solution.

In general, hypotension in a trauma patient should not be assumed to 
come from a long bone fracture, and another source must be sought. The fol-
lowing gross estimates of localized blood loss (units) from adult closed frac-
tures can be useful in establishing baseline blood replacement requirements:

Pelvis   1.5 to 4.5
Hip, femur   1.0 to 2.5
Humerus, knee, tibia 1.0 to 1.5
Elbow, forearm, ankle 0.5 to 1.0
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4. Disability. A comprehensive neurologic evaluation should be per-
formed, including evaluation of level of consciousness using the 
Glasgow coma score, cranial and peripheral nerve function and motor 
and sensory function. This should be repeated in the primary and sec-
ondary survey. Any deterioration in serial exams should prompt neurol-
ogy or neurosurgical evaluation.

5. Exposure. The patient should be fully undressed to perform a thor-
ough evaluation. They should subsequently be covered in warm blan-
kets, and body temperature should be maintained with warm room 
temperature, warming blankets or pads, and by infusing warmed IV 
fluids.

B. Trauma Imaging. Recall that the trauma series was being taken in the 
trauma room while the primary survey was being conducted. Now that 
the primary survey has been performed and the most critical steps have 
been taken, even before a thorough history and physical examination, 
this trauma imaging series should be reviewed; the examiner is ruling in 
or out the next most critical clues to saving life and limb. The trauma 
series classically consisted of three X-rays: lateral cervical spine, an an-
teroposterior chest, and an anteroposterior pelvic view. However, spine 
and trauma surgeons have found greater utility in a diagnostic CT scan 
of the cervical spine as it affords better sensitivity and specificity than 
radiographs alone and eliminates the need for repeat imaging as often 
as necessary in the multitrauma patient.9 Any patient who is involved in 
high-energy trauma, who has head injuries, is under chemical substance 
influence, or is otherwise deemed unable to provide reliable responses 
during the primary survey should have this imaging because physical 
examination can be unreliable.

In circumstances when the cervical spine radiograph is performed 
instead of the CT scan, such as in alert patients with isolated injury, the 
images must show the inferior endplate of cervical vertebrae 7 (C7), or it 
should be deemed inadequate and repeated. Both odontoid and C7–T1 
pathology are frequently missed injuries even after the secondary survey. 
If a spine fracture is detected, then a complete spinal series including 
anteroposterior, lateral and odontoid cervical views, and thoracic plus 
lumbar spine view is mandatory in view of the increased possibility of 
segmental spinal injury. CT may be required to rule out upper cervical 
fractures. The documented incidence of multiple level spine fractures is 
7% to 12%. A full spine series should be obtained in the unconscious 
trauma victim.

All the X-rays should be taken with excellent technique so as not to 
obscure bone or soft tissue detail. Care must be taken not to be misled by 
overlying backboards, over- and under-penetrated films, and equipment, 
clips, and buckles that are frequently left on the X-ray field. Examples 
abound of subtle femoral neck fractures that were obscured on the X-ray 
by a belt buckle, a pneumothorax in the upper lobe that was cut out of 
view due to positioning, or a critical sacral fracture masked by the opac-
ity of a backboard. When these factors are present, radiographs should be 
repeated.
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C. History and physical examination. The history should include a careful 
account of the accident, a description of the mechanism of injury, and a 
statement of the degree of violence involved. Concomitant medical disease, 
drug abuse, and alcoholism should be considered as contributing factors. 
The transporting paramedic team or member of the accompanying family 
should be interviewed for these details if the patient cannot reliably give an 
appropriate history. A useful mnemonic to guide the initial history is the 
word AMPLE:
A: Allergies
 The physician working up an orthopaedic patient should be particularly 

aware that open fractures should be treated with certain antibiotics to 
cover the spectrum of bacteria that are at risk for certain types of wounds 
(see open fractures below). Furthermore, every patient having an or-
thopaedic operation should receive perioperative antibiotics, making 
the question of allergies quite germane. A penicillin allergy is the most 
common.

M: Medications
 Medications can influence surgical decision making. They will also tip off 

the practitioner to important comorbidities and perhaps imply the need 
for a general medicine consultation prior to surgery. Patients on anticoagu-
lants should have bleeding and clotting parameters checked as it may be 
prudent to stop such medicines or reverse a coagulopathy prior to surgery.

P: Past illness
 Diabetes can influence outcomes of orthopaedic surgery, and heart dis-

ease can increase surgical risk. Steroids and nicotine (the use of tobacco 
products) increase orthopaedic surgical complications as well as outcomes 
as measured by healing time and healing rates. These risks should be dis-
cussed with patients and family members for proper prognostication.

L: Last meal
 This is important when considering whether the patient needs to go to 

the operating room urgently, as the risk of aspiration of food or vomitus 
is higher postprandial. Most anesthesiologists opt to hold on the admin-
istration of anesthesia within 6 to 8 hours of food intake. This concern 
should not, however, override the emergent nature of certain life- or 
limb-threatening conditions, which will be discussed below.

E: Events of Injury
 Injury circumstances such as height of fall, direction of impact, pres-

ence or absence of restraints (seat belt/air bags), extrication time from 
vehicle, hours in the field, outside temperature, being trapped under 
heavy objects, smoke inhalation, and many other possibilities are warn-
ing flags to the experienced practitioner, which clue in certain medical 
or orthopaedic conditions and injury patterns.

D. Secondary survey. The secondary survey is a complete physical exami-
nation from head to toe. By this juncture, the potentially life-threatening 
pathology of the ABCs has been addressed, and necessary resuscitation is 
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underway. The patient should be completely undressed for the secondary 
survey for a most thorough examination.
1. Neurologic mental status. The level of consciousness of the patient 

should first be noted. A brief “disability exam” in an awake patient is 
a rapid, organized neurologic examination, which documents mental 
orientation, verbal response to questioning, and response to stimuli. 
Furthermore, each extremity should be examined for motor and sensory 
function as well; accurate documentation is crucial because neurologic 
examinations can reveal progressive deficits. It is imperative that all four 
extremities be examined and documented. It is good to develop a pattern 
of examination and stick with that pattern each time for consistency.

 In an unconscious patient, a Glasgow coma score is rapidly conducted 
on the basis of pupil response to light, motor activity, and withdrawal 
from painful stimuli (Table 2-1). This information is initially obtained 
by the medics who perform the initial in-the-field evaluation. The 
Glasgow score is therefore used as the measure of neurologic progress 
or deterioration. The medics generally also note the position of the 
patient at the scene of the accident, especially the head, and whether 
all limbs were actively moving. It is frustrating to the orthopaedic sur-
geon or neurosurgeon to be asked to evaluate a patient who has been 
sedated and chemically paralyzed (for intubation/airway control) in the 
trauma room, particularly when the initial neurologic examination was 

TABLE 2-1 Glasgow Coma Scale

Eye opening (E)
Spontaneous 4
To speech 3
To pain 2
None 1
Verbal response (V)
Oriented 5
Confused conversation 4
Inappropriate words 3
Incomprehensible sounds 2
None 1
Motor response (M)
Obeys command 6
Localizes 5
Withdraws from pain 4
Abnormal flexion 3
Extensor response 2
None 1  

(E + M + V) = Glasgow coma score between 
3 and 15.
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not properly documented. In general, the use of maximal monitoring 
and minimal medication is a useful trauma room principle that avoids 
such frustration by the examiner who relies on accurate neurologic 
examinations.

2. Head and neck. Carefully palpate skull and facial bones and look for 
lacerations hidden in the hair. Cranial trauma should raise an imme-
diate suspicion for cervical spine injury given the sudden and violent 
force it takes to injure the face and cranium. Radiographs of facial bones 
are difficult to interpret unless previous clinical examination suggests 
the presence of trauma. The association between cervical spine and 
head injuries must be emphasized. In a guided fashion with cervical im-
mobility, remove or loosen the C-collar to palpate the posterior cervical 
spine looking for tenderness or spasm. In a conscious patient, any neck 
pain or spasm is a cervical spine injury until proven otherwise. In an un-
conscious patient, the neck must be protected with a hard C-collar until 
bony injury is ruled out by cervical imaging and physical examination. A 
benign physical exam by itself is unreliable if there are distracting inju-
ries or if the patient is intoxicated. If a cervical spine injury is diagnosed, 
appropriate spine consultation should be obtained immediately, and the 
extremity neurologic examination should be reported and documented.

3. Thorax and abdomen. Although the thorax and abdomen are largely 
the domain of the general surgeon, the examiner must inspect, palpate, 
and auscultate the abdomen and thorax to determine possible underly-
ing injury. Hemothorax and pneumothorax often cause preventable 
death. Therefore, the chest should be examined carefully and the ex-
amination repeated frequently. Furthermore, this assessment helps the 
orthopaedist place musculoskeletal injuries in the broader context of 
the patient. Abdominal injury is also a common cause of preventable 
death. The imprint of clothes or a contusion of the abdominal wall from 
the seat belt suggests an intra-abdominal injury. Airbags have altered 
patterns of injury in frontal collision.10 Appropriate diagnostic studies 
should follow the suspicion of injury, and in many centers the spiral 
“whole body” CT scan of the chest, abdomen, and pelvis has supplanted 
selective CT scans, ultrasounds, and peritoneal lavage.

4. Pelvis. Low back pain, pubic tenderness, or pain with compression 
of the iliac crests can indicate a pelvic ring injury. Sequential anterior 
to posterior compression over the iliac wings can help to discriminate 
gross pelvic motion. Pelvic fractures may cause severe internal bleeding, 
and as stated earlier, a patient can easily lose four units of blood after a 
displaced pelvic fracture.

A rectal examination must be done in all patients with a spine 
or pelvic injury, both check for bleeding and loss of sphincter tone 
indicative of neurologic injury. Furthermore, a high-riding prostate 
also indicates major urologic disruption common to high-energy pelvic 
fractures in men. An inspection of the urethral meatus for hemorrhage 
should also be performed, and such a finding is further indication of a 
genitourinary system disruption. Bloody urine or the inability to void 
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raises the suspicion of a urethral injury, so a retrograde urethrogram 
should be considered before a catheter is inserted.11 In male patients, 
blood at the penile meatus or a “high-riding” prostate seen on rectal 
examination is a clear indication for obtaining a retrograde urethrogram 
before bladder catheterization. If the catheter does not pass easily, it 
should not be forced and the urologist should be consulted. If a bladder 
injury is suspected, then it is essential to insert an indwelling catheter 
unless the patient is voiding clear urine.

A bimanual pelvic examination is appropriate in female patients 
to rule out open fractures that can penetrate the vaginal vault. Perineal 
inspection for integument lacerations should be conducted and in the 
setting of displaced pelvic fractures should be assumed to represent an 
open pelvic fracture.

5. Back and spine. Carefully log roll the patient and palpate the entire 
spine to detect tenderness or defects of the interspinous ligaments. It is 
very important that a log roll be conducted properly with three assistants 
controlling simultaneous rotation of the entire body. A fourth assistant 
should be controlling the cervical spine (while in a hard collar) with 
gentle traction. An increase in the interspinous distance accompanied 
by local swelling and/or tenderness may signify injury. Occasionally, ec-
chymosis or kyphosis can be recognized, and their presence or absence 
should be documented.

6. Upper and lower extremity examination. When gross deformity 
and crepitation are present, further examination of the fracture site is 
not necessary. Otherwise, all four limbs should be palpated thoroughly 
and each joint placed through a passive range of motion. Look spe-
cifically for point tenderness. Any obvious fractures or deformities are 
splinted, and any open wounds are covered with sterile saline moist-
ened dressings. Dressings over open wounds, particularly over fractures, 
should not be taken down multiple times by multiple examiners. Such 
repeated exposures will only increase the rate of infection with each 
exposure to the contaminated environment.12 A more detailed descrip-
tion of fracture wound management is given later in this chapter. Every 
diagnosed fracture should have properly centered X-rays of the joint 
above and below. Circulation of the limb distal to any fracture should 
be carefully evaluated and documented. A description and presence of 
all wounds after applying a sterile dressing should be recorded.

 III. ORTHOPAEDIC EMERGENCIES AND URGENCIES. Surgical stabilization 
of fractures is generally not classified as emergent or urgent and typically can be 
done on a semielective basis. For example, an isolated, closed fracture that is 
not threatening local blood supply may wait days to weeks. There are many 
considerations, however, which go into the optimal timing of surgery, and im-
mediate consultation with an orthopaedist clarifies the issue of timing of 
surgery.

All the emergent entities, and most of the urgent injuries, ultimately 
have a common denominator: blood supply, or lack thereof. The lack of 



Chapter 2 • The Diagnosis and Management of Musculoskeletal Trauma  1 3

circulation affects adequacy of tissue oxygenation, and consequently limb or 
life is threatened. This may occur on a macroscopic level, such as with a hemor-
rhaging pelvis in which a person’s life is threatened, or on a microscopic basis, 
such as when end-organ perfusion is cut off, beginning with occlusion of the 
venules in a muscle bed due to increased interstitial pressure exceeding intra-
venous pressure during the condition of compartment syndrome. Threatened 
blood supply to local tissues can be a more subtle phenomenon that requires 
further understanding of the vasculature to certain bones. For example, a rela-
tively benign appearing X-ray of a femoral neck fracture to the inexperienced 
eye may not gain much attention, but the experienced clinician knows that 
even a nondisplaced femoral neck fracture can threaten the hip joint forever 
through a process called avascular necrosis (AVN). Certain other orthopaedic 
injuries may not accurately be classified as emergent because life or limb is not 
immediately at risk, but they still warrant heightened attention. Such injuries 
may be classified as urgent because they need prompt action by an orthopaedist 
and surgical timing in the range of 6 to 24 hours. In the next two sections on 
emergent and urgent orthopaedic injuries, the discussion will address these in 
descending order from most to least acute.
A. Orthopaedic emergencies

1. Hemodynamically unstable patient with a pelvic fracture. This is the 
one injury in which circulation can be compromised to the extent that 
a life is immediately at risk and in which an orthopaedic intervention 
can save such a life. The pelvic ring can be disrupted in high-energy ac-
cidents (or low-energy falls in osteoporotic patients) and nearly always 
is disrupted in at least two points around the ring. The saying, “it is 
impossible to break a ring at a single point” nearly always applies to the 
pelvis. Therefore, the examiner should look for a lesion posteriorly in 
the sacrum or sacroiliac joint and anteriorly in the pelvic rami or pubic 
symphisis.

When a pelvic fracture is recognized on the anteroposterior X-ray 
view obtained with the initial trauma series, two more radiographs 
should be obtained: a pelvic inlet and pelvic outlet view. These are 
orthogonal views of the pelvis, which help to critically evaluate all the 
pelvic bony landmarks as well as displacement of fractures. If there is sig-
nificant displacement (more than 5 mm) at any one pelvic fracture line, 
a pelvic CT scan should be obtained. Many orthopaedists will prefer a 
CT scan with even lesser displacements to more critically evaluate the 
injury or preoperatively plan. If a fracture line enters the acetabulum, 
then Judet X-ray views should be obtained. These are 45° angled 
X-ray views from the right and left sides of the patient centered on the 
pelvis, once again giving the examiner orthogonal views to critically as-
sess the bony landmarks of each acetabulum. Note that it is wasteful to 
obtain “five views of the pelvis” for every pelvic fracture as the Judet 
views are not needed unless the acetabulum is involved. Likewise, inlet 
and outlet X-rays are not needed unless the pelvic ring is disrupted.

The pelvis is like a cylinder or sphere of bone that contains many 
critical soft tissue structures and organs such as the bladder, the iliac 
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vessels, prostate or vaginal vault, and the rectum. All these organs are 
at risk, but the worrisome life-threatening hemorrhage is what must 
be diagnosed promptly and addressed. Bleeding typically continues 
until tamponade can occur and clotting factors take control. A sheet or 
commercial binder around the pelvis of a patient, who is hemody-
namically unstable until the anteroposterior radiograph of the pelvis 
rules in or out a displaced pelvic fracture, is an important measure. 
The sheet must be clamped very snug at the level of the greater tro-
chanters in order to close down the volume of the broken and separated 
sphere, thus leading to earlier tamponade of bleeding vessels.13 There 
is nothing to lose because if the patient does not have such an injury, 
the binder is simply removed. Some pelvic slings now have pressure 
calibration to ensure adequate yet safe pressure application through the 
binder. There is essentially no role for the trauma room application 
of an external fixator because this maneuver has been obviated by the 
pelvic sling concept.

2. Extremity arterial injury. Probably, the next most emergent condition 
that an orthopaedist faces is the extremity that is at risk for limb loss. This 
can occur due to a torn or lacerated artery or compartment syndrome. 
Arterial injury can be caused by blunt or penetrating trauma. There are 
four “hard signs” of arterial injury that warrant immediate vascular 
exploration, and time should not be wasted ordering and performing a 
diagnostic arteriogram.14 The rationale is that a vascular surgeon knows 
the proximity of the injury based on the wound or the X-ray that demon-
strates the pathology. There is no sense in using precious minutes finding 
out what is already known when irreversible ischemic damage to nerve 
and muscle tissue occurs after 4 hours of warm ischemia time. A warm 
ischemia in excess of 6 hours is the generally accepted time interval within 
which arterial continuity must be restored in order to avoid loss of limb.15

The Four “Hard Signs” of Arterial Injury:
a. Pulsatile hemorrhage
b. Expanding hematoma
c. Audible bruit
d. Pulseless limb

The only time an arteriogram would be warranted in such an acute 
circumstance is when there is multilevel injury (multiple fractures or 
shotgun wound) in which the vascular surgeon cannot be sure at what 
level the arterial damage has occurred.

The more difficult diagnostic problem occurs in the majority of 
patients who present with more subtle clues to vascular injury. Such 
“soft signs” might include a history of severe hemorrhage at the ac-
cident scene, subjectively decreased pulses, a deficit of an anatomically 
related nerve, or a nonpulsatile hematoma. Other soft signs include the 
orthopaedic injury patterns that have been associated with a high 
incidence of arterial damage:
a. Knee dislocations
b. Highly displaced tibia plateau fractures
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c. Medial tibia plateau fractures
d. Ipsilateral fractures on either side of a joint (floating joint)
e. Gunshot or knife wounds in proximity to neurovascular structures
f. The mangled extremity

 The best screening exam for an arterial injury should be quick, nonin-
vasive, portable, and cost effective, as well as reliable. Determination of 
the arterial pressure index (API) requires the use of a Doppler machine 
and a blood pressure cuff. It has been investigated as a screening tool 
for clinically significant arterial compromise.16 The API has also been 
referred to in the literature as the ABI (ankle brachial index) or AAI 
(ankle arm index), and the terms are interchangeable. To conduct an 
API examination, a blood pressure cuff is placed just above the ankle or 
wrist in the injured limb so that a systolic pressure can be determined 
with a Doppler probe at the respective posterior tibial artery or radial 
artery. The dorsalis pedis or ulnar arteries may logically be used as well, 
as long as the blood pressure cuff is placed distal to the injury. The same 
measurement is determined on an uninjured upper or lower extremity 
limb (Fig. 2-1). The API is simply the calculation of the systolic 

Figure  2-1. The placement of the pressure cuff and the Doppler probe is il-
lustrated. One systolic pressure measurement is taken in an uninjured limb, and 
the other systolic pressure measurement is taken on the injured limb distal to 
the injury.
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pressure of the injured limb divided by the systolic pressure of the 
uninjured limb:

API =
Doppler Systolic Arterial Pressure in Injured Limb

Doppler Systolic Arterial Pressure in Uninjured Extremity

Figure 2-2. The diagnostic algorithm for a patient with a possible extremity arterial injury.

Pulseless Limb, Audible bruit,
Pulsatile hemorrhage, Expanding hematoma

Yes No

Doppler arterial
pressure index

Multilevel Injury
(floating joint, shotgun)

Arteriogram (+) (–)
Serial clinical
examination

Duplex
sonography

< 0.90 > 0.90
No

Operation

Yes

As pulses have been reported to be palpable distal to major arterial 
lesions, including complete arterial disruption,17–19 and perception of 
a pulse is subjective and impossible to quantify, physical examination 
alone or the detection of a palpable pulse is not appropriate for defini-
tive diagnosis.

As it is impossible to spell out every clinical scenario that may be 
associated with an arterial injury, it should be reiterated that every case 
bears individual judgment, and given the absent morbidity of the API 
examination, a conservative approach to testing and documentation is 
the most prudent course. The clinician should approach the patient 
who has a high-risk vascular injury with a clear diagnostic algorithm 
(Fig. 2-2). Besides the patient with one of the four hard signs of vascular 
arterial injury who warrants immediate surgical exploration, a patient’s 
API should dictate the next step. If the API is greater than 0.9, the pa-
tient may be followed clinically without any further workup. If the API 
is less than 0.9, they should proceed to the next diagnostic step of either 
an arteriogram or duplex ultrasound, the results of which will dictate 
the final plan of action.
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3. Compartment syndrome. Compartment syndrome is a condition 
in which there is increased pressure within a closed soft tissue space, 
with the capacity to cause ischemic necrosis to such tissues. Therefore, 
it should be recognized that the condition can occur in any muscular 
compartment of the body, although it is most commonly encountered 
in the leg. It is perhaps the most common orthopaedic emergency and 
often difficult to diagnose. In the awake and alert patient, symptoms 
include the following:
a. Pain out of proportion to the injury (despite adequate narcotic 

analgesia)
b. Pain with passive stretch of the muscles within the compartment
c. Paresthesias

Furthermore, these symptoms should occur in the setting of swollen 
tissues. Diminished or absent pulse is specifically not listed, as it is 
such a late and subjective sign, that its absence should never be relied 
upon to exclude the diagnosis of compartment syndrome. These clini-
cal symptoms obviously cannot be used in the obtunded patient and 
should not even be relied upon in a patient with altered sensorium due 
to intoxication, for example. The clinician should have great suspicion 
for compartment syndrome in the setting of high-energy trauma or 
comminuted and displaced fractures, and if he or she encounters such 
a patient with very swollen tissues (often characterized as “tense”), 
a pressure measurement should be taken of the suspected compart-
ments. It is important to note that compartment syndrome is well 
described in low-energy mechanisms and does not have to be associ-
ated with a fracture. Chart documentation should be rigorous and 
periodic when tracking the possibility of compartment syndrome; 
excellent patient examination should occur at intervals no more than 
3 hours apart until compartment syndrome can be ruled out.

Most emergency and operating rooms have readily available pres-
sure measuring devices such as the Stryker Quickstick, which can be 
used to measure suspected compartments. An indwelling catheter 
rigged with a mercury manometer20 or an arterial line attached to 
a pressure transducer can also be used (Please see Figs. 3-5, 3-6, 
and 3-7). If there is ever any doubt as to whether a patient has 
compartment syndrome, such measurements must be taken to 
confirm or rule out the diagnosis. Intracompartmental pressures 
exceeding the diastolic pressure by less than 30 mm Hg (Delta 
P < 30 mm Hg) warrant emergent fasciotomies.21 Fasciotomy 
incisions should extend to nearly the length of the compartment 
to ensure complete decompression and adequate visualization and 
assessment of tissues. A text should be reviewed prior to the opera-
tion to review recommended incisions that address each and every 
compartment of the suspected part of the extremity (thigh, leg, foot, 
hand, antebrachium, brachium, buttock, and more).

4. Mangled extremity and traumatic amputations. Another clinical en-
tity that should warrant great concern for limb viability is the so-called 
mangled extremity. The mangled extremity is not clearly defined, and 



1 8   M A N U A L  O F  O R T H O P A E D I C S

there is no objective criterion by which clinicians agree on definition. 
Suffice it to say that it represents the end of an injury spectrum that 
involves a magnitude of trauma that destroys soft tissue to the extent 
that limb survival is in question.

The principles of open fracture management, as discussed in the 
next section, should be heeded, and the algorithm for a vascular workup 
should be followed expeditiously as described in the former section 
(III.A). Most importantly, several services should come to bear in as-
sessment, workup, and coordination of care including trauma surgery, 
orthopaedic surgery, plastic surgery, and, if necessary, vascular surgery. 
Communication around treatment considerations and timing should be 
open, clear, and decisive. Patients and loved ones should be included in 
the communication in order to understand the gravity of the injury and 
that amputation is a real and sometimes optimal solution.22

An accurate neurovascular examination should be performed and 
documented. If an adult patient has a severed tibial nerve, amputa-
tion should be considered given the expected associated functional 
deficit, although absent tibial nerve sensation at presentation does not 
necessarily mean that neurodiscontinuity has occurred. Plantar sensa-
tion is therefore an unreliable measure of long-term tibial nerve dys-
function and should not be used as a criterion for early amputation.23 A 
patient with a mangled extremity should be managed at a Level I trauma 
center where the appropriate expertise and experience are available.

There are several prognostic factors that influence outcome and 
therefore should be weighed in the consideration for limb salvage ver-
sus amputation. A number of scoring systems have been developed to 
account for these variables, but none has proved reliable in predicting 
limb viability.

Early management includes skeletal stabilization versus amputation, 
wide and aggressive debridement of all devitalized tissue, abundant 
irrigation, reestablishing vascular continuity, and reoperations every 
couple of days for wound management until definitive coverage can be 
executed by a microvascular team if necessary. An antibiotic bead pouch 
or a vacuum-assisted closure system for open wounds is helpful in the 
interim between cases.

For the complete traumatic amputation of a finger or entire 
extremity, a replantation should be considered. The proximal stump 
is first dressed with Ringer lactate soaked dressing and pressure is ap-
plied. A tourniquet is to be avoided. The amputated part is wrapped 
in a Ringer lactate moistened sterile sponge and placed in a plastic 
bag. It should be cooled by placing it in a container with ice, which 
delays autolysis and thus allows time for transport to a center with a 
replantation team. The part must not be frozen, placed in direct 
contact or encased within ice. It is best to simply lay the part on top 
of the ice with a layer of protective material between them. If the travel 
distance by car is less than 2 hours, then this form of transport can be 



Chapter 2 • The Diagnosis and Management of Musculoskeletal Trauma  1 9

used. If not, arrangements should be made for air evacuation. Make 
no promises to the patient regarding whether replantation can be 
attempted or what the outcome will be. Absolute indications for at-
tempts at replantation include multiple-digit amputations, thumb 
amputations, amputations at or proximal to the wrist, and pediatric 
amputations, and border digits are a relative indication. Prognosis is 
improved when an extremity has been amputated in a sharp cutting 
mechanism as opposed to a crushing or traction mechanism.

5. Femoral neck fracture in the nonelderly. Young should be defined in 
physiologic terms with the idea that “saving” the femoral head is more 
prudent than a hip replacement. A femoral neck fracture in a young 
patient is considered an emergency because the blood supply to the 
femoral head is threatened. The lateral epiphyseal artery branch off 
the medial circumflex artery is the dominant blood supply to the 
femoral head (the artery of the ligamentum teres supplies 10%). There 
is an associated risk of AVN of the femoral head after a femoral neck 
fracture, which can lead to femoral head collapse, which is a catastrophic 
complication in a young active patient in whom a hip replacement or a 
hip fusion is a dreaded salvage option.

The risk of AVN exists even in nondisplaced fractures; therefore, 
all such femoral neck fractures in the younger patient are regarded as 
emergent. For the displaced variety, an open reduction is indicated to 
establish anatomic alignment followed by internal fixation. In the non-
displaced variety, percutaneous fixation may be appropriate, but the hip 
capsule should still be surgically decompressed.

The possible mechanisms for arterial insufficiency include24 the 
following:
a. Intracapsular tamponade from bleeding into a closed space
b. Kinking of vessels from tenting bone fragments
c. Arterial disruption

 When considering these mechanisms, one can understand that urgent 
decompression and stable realignment can be helpful in restoring blood 
flow. Although timing of surgery remains controversial and some stud-
ies have demonstrated a reduced rate of AVN with urgent reduction 
(within 8 hours), others have reported similar results even with reduc-
tion after 24 hours.25 Until the results of randomized trials are available, 
urgent surgical intervention is prudent.26

6. Hip dislocation. For the same reason as for the femoral neck fracture, 
a dislocated hip is an emergent condition as prognosis and the rate of 
AVN are directly related to the amount of time dislocated.27,28 One or 
two attempts at a closed reduction in the emergency room is indicated, 
but, if unsuccessful, a trip to the operating room for complete anesthesia 
and muscular relaxation usually suffices.

7. Threatened soft tissues. Anytime a fracture or dislocated bone is 
tenting the skin, and the injury cannot be reduced, the patient should 
go to the operating room emergently so that a closed reduction with 
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pharmacologic paralysis can be attempted. If that fails, an open reduc-
tion should be performed. This scenario commonly occurs with ankle 
and subtalar fractures or dislocations, wrist fractures, and even fractures 
and dislocations around the knee. Leaving any joint dislocated does 
not make sense when considering the tissues at risk (even if it is not 
compromising skin), venous obstruction, and pain.

B. Orthopaedic urgencies
1. Open fractures

a. Emergency room management. Early and careful treatment of 
wounds is necessary to decrease the chance of infection. Simple limb 
realignment should be performed for provisional splintage. Wounds, 
large or small, should immediately be covered with a sterile dress-
ing, and the temptation for multiple examiners to reexpose the 
wound must be avoided to decrease the likelihood of infection. 
Any laceration of the integument in the vicinity of a fracture 
should be assumed to represent an open fracture and, therefore, 
should be formally explored in the operating room. Cover the 
wound with a simple saline-moistened dressing. Do not probe or 
blindly use surgical hemostats in the wound. Externalized material 
is contaminated and will contaminate deeper recesses if replacement 
into the wound is attempted outside the operating environment.

Open fractures are generally classified using the Gustilo system 
(Table 2-2). With increasing severity, the complications of deep 
infection, nonunion, and amputation increase. A type IIIB open 
fracture requires a muscle flap for wound closure. A type IIIC 
fracture is one which requires a vascular repair for limb viability. 
The Gustilo classification is useful, but because of its subjective 

TABLE 2-2 Gustilo and Anderson Classification of Open Fractures

Type I Skin opening of 1 cm or less, quite clean; most likely inside out; 
minimal muscle contusion; simple transverse or short oblique 
fractures

Type II Laceration >1 cm; extensive soft tissue damage; minimal to 
moderate crushing component; simple transverse or short oblique 
fractures with minimal comminution

Type IIIA Extensive soft tissue laceration associated with muscle, skin, 
and/or neurovascular injury but with adequate coverage of bone; 
typically segmental or comminuted fractures

Type IIIB Extensive soft tissue injury with periosteal stripping and bone 
exposure; usually associated with severe contamination

Type IIIC High energy features of other type IIIs but with arterial injury 
requiring repair

Adapted from Gustilo RB, Mendoza RM, Williams DM. Problems in management 
of type III open fractures. A new classification of type III open fractures. J Trauma. 
1984;24:742, with permission.



Chapter 2 • The Diagnosis and Management of Musculoskeletal Trauma  2 1

criteria, such as use of the terms “high energy,” “comminution,” and 
“contamination,” there is poor intraobserver reliability.29

b. Operating room management. All large wounds, open fractures, 
nerve disruptions, and most tendon lacerations should be de-
brided and repaired in the operating room. Debridement means 
removal of all foreign matter and devitalized tissue in or about a 
lesion. Irrigation with large quantities of saline does not replace the 
need for proper surgical debridement technique. Saline lavage is a 
useful adjunct to good debridement. There has been recent debate 
about the benefits of pulsatile lavage versus simple irrigation and also 
about the utility of emulsifying soaps and antibiotic impregnated sa-
line. Although high-pressure pulsatile lavage has been demonstrated 
to impair bone healing and force deeper penetration of bacteria into 
tissues, there is no clear advantage of either of the other methods.30,31 
Classically, we irrigate open fractures with 9 L of normal saline using 
low-pressure settings, yet the subject remains under investigation.

The wound should be debrided from the outside in. The skin 
edges are sharply trimmed to viable margins. The debridement is 
then continued into the depth of the wound until the entire damaged 
area has been identified and resected. Muscle viability is evaluated on 
the basis of the criteria described by Artz et al.32: capacity to bleed, 
color, contractility, and consistency. These are helpful descriptors in 
determining whether or not to resect muscle.

With an open fracture, all devitalized bone (bone without 
enough soft-tissue attachments to maintain adequate blood 
supply) should be removed. The exception is pieces with articular 
cartilage attached that should be saved to attempt to reconstruct a 
joint surface. Great care must be taken not to devitalize the bone 
further. Initial internal fixation of open fractures is preferable if rigid 
stabilization is provided without significantly jeopardizing the blood 
supply.33 Again, the soft-tissue coverage should not create enough 
tension to cause any devitalization from a lack of blood supply. Use 
monofilament sutures for skin closure, not braided wire or multi-
filament synthetic, cotton, or silk sutures. Adequate control of bone 
bleeding may be difficult, so the surgeon should use either a loose 
skin closure that allows exodus of some of the hematoma or a skin 
closure combined with a suction drain.

The concept of primary wound closure has been increasingly 
accepted as surgical methods have been more clearly defined and 
debridement and wound management more aggressive. However, re-
peat “second look” operations are mandatory when the suspicion for 
evolving myonecrosis is present. The burden of proof rests with the 
surgeon electing to close the wound. Cover all exposed tendons, 
nerves, and bone but not at the expense of compromising blood sup-
ply to injured skin and subcutaneous tissues. Acute consultation with 
an orthopaedic or plastic surgeon skilled in myoplasty is indicated if 
adequate coverage over implants and bone cannot be accomplished. 
During the interval between debridement and definitive soft tissue 



2 2   M A N U A L  O F  O R T H O P A E D I C S

coverage, it is wise to cover the wound with an antibiotic bead 
pouch34 or a vacuum-assisted wound closure technique.35,36 This aids 
in maintaining an aseptic environment during the waiting interval.33

c. Antibiotic management. It should be emphasized that the primary 
management of an open fracture is surgical and that antibiotics 
play a strictly adjunctive role. Furthermore, all patients with an 
open wound should be up to date with tetanus immunization or be 
treated with tetanus toxoid. Although there are numerous recom-
mended tetanus prophylaxis schedules, the authors generally follow 
the recommendations of the ACS. Table 2-3 lists the current guide-
lines. With any open fracture or major wound, start parenteral bac-
tericidal antibiotics immediately in the emergency department.33

Cephalosporins are the drug of choice for prophylaxis of 
Gustilo type I and II injuries. Patients who are allergic to penicil-
lin (excluding history of anaphylaxis) usually may receive cephalo-
sporins. A small test dose is recommended before giving the entire 
dose. If cephalosporins cannot be given safely, then vancomycin or 
clindamycin should be administered. To obtain an adequate concen-
tration of antibiotics in the fracture hematoma, begin the antibiotic 
therapy as soon as an open fracture is diagnosed. To avoid many 
of the side effects of antibiotics, such as superinfections, limit the 
duration of prophylactic antibiotic to 48 hours postoperative. The 
mindset should be that the primary treatment is surgical, and that 
antibiotics are simply adjuvant treatment.

Vancomycin 1 g intravenously (IV) daily37 should only be a 
fallback option because the isolates of resistant strains of bacteria 
have increased in number recently, and this drug is the mainstay of 
treatment for methicillin-resistant Staphylococcus aureus.

For type III open wounds with marked contamination or 
large exposure, gram-negative coverage should be added to 
the antibiotic spectrum. Aminoglycosides have been used as an 
appropriate agent during this short-term period of treatment for 

TABLE 2-3 Prophylactic Treatment of Tetanusa

Patient Immunization 
Status Nontetanus-Prone Wounds Tetanus-Prone Wounds

Tt+ Tt+ TIG

Unknown or incomplete Yes Yes Yes
Complete <5 years No No No
Complete >5 years No Yes No

Complete >10 years Yes Yes No

aAdapted from Advisory Committee on Immunization Practices (ACIP); 1991.
Tt, tetanus toxoid adsorbed; TIG, tetanus immune globulin.
+ DPT or DT for children aged less than 7.
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gram-negative organisms, although broader coverage with combina-
tion drugs (i.e., piperacillin and tazobactam) has become mainstays 
in many hospitals. If there is a risk of contamination of soil, or sew-
age, an agent that acts against clostridium species is important 
to add. Although penicillin may be added to the regimen for this 
purpose, the antibiotic Zosyn is a good choice offering broad cover-
age and eliminates the need for administration of three different 
medications for infection.

d. Gunshot wounds. If possible, identify the caliber and type of 
weapon. This information helps determine whether the wound was 
caused by a high- or low-velocity weapon. The majority of civilian 
injuries are low velocity and do not seem to be associated with 
higher infection rates, even when associated with a fracture.38–40 
Decision making regarding the fracture proceeds as with a closed 
fracture. If the bullet enters a joint, formal lavage and debridement 
is indicated.

The protocol for management of a low-velocity gunshot is as follows:
 i. Tetanus prophylaxis
 ii. One day of antibiotics (first-generation cephalosporin)
 iii. Local cleansing
 iv. Debridement of devitalized skin
 v. Superficial irrigation
 vi. Sterile dressing

High-velocity weapons have a muzzle velocity greater than 610 m 
per second or an impact velocity of 2,000 to 2,500 ft per second. 
These weapons cause severe cavitation within the wound, which 
make debridement necessary. Big-game rifles, such as a 0.30 to 0.030 
or a 0.30 to 0.06, can approach this high-velocity impact energy, and 
wounds from these must be treated accordingly with irrigation and 
debridement, possibly on a serial basis depending on the cavitation 
injury. Gunshot wounds of high-impact energy cause marked com-
minution of the fracture and leave a gaping exit. These are managed 
as an open fracture and certainly require appropriate vascular screen-
ing, as previously discussed.

2. Open joints. Open joint injuries are also at risk for septic complica-
tions. The surgeon should assume that lacerations over a joint extend 
into the joint until the contrary is proven in the operating room. 
Air in the joint noted on radiographs is a sign that a laceration extends 
into the joint. It is a reasonable idea to inject the joint with saline or a 
methylene blue-enhanced saline to check for communication with the 
suspected laceration which is confirmed by leakage of the injected fluid 
from the joint. A healthy volume of fluid under pressure must be used 
to enhance sensitivity of this test. Recent studies have demonstrated that 
60 to 75 mL will identify only 46% to 50% of arthrotomies. To achieve 
95% sensitivity, a minimum of 155 mL must be injected. Because most 
patients have some discomfort after injection of 60 mL, a negative test 
should be interpreted with caution.41 An operative joint lavage, either 
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open or arthroscopic technique, should be performed if an open joint 
is suspected. Certainly, if there are foreign bodies in the joint, such as 
missile fragments from gunshot wounds, these must be evacuated. A 
course of 48 hours of gram-positive and gram-negative coverage with 
parenteral antibiotics (as with a Gustilo type IIIA fracture) is a reason-
able and prudent adjunct to surgery.

3. Talus fractures. Fractures of the talus have been considered relative 
operative emergencies due to a vulnerable blood supply and high rate of 
osteonecrosis. Although underpowered, and inconclusive, a recent study 
seems to suggest that time to operative fixation does not matter, while 
talar neck comminution and open fractures do correlate with poorer 
outcomes and a higher rate of AVN.42 As the talus is at risk for AVN, 
collapse, and subsequent arthrosis, and as it is a weight-bearing joint, 
most orthopaedic traumatologists prefer to operate on this fracture 
urgently. Certainly the displaced variety of talus fracture, in which soft 
tissue tenting occurs, is an emergency due to the eventuality of full-
thickness skin necrosis, which can lead to catastrophic complications. 
If, however, the skin is not at risk but is severely injured, some have 
advocated treating talus fractures in a staged fashion similar to calcane-
ous and tibial pilon fractures. By waiting for the soft tissues to “calm 
down,” complications related to wound slough and dehiscence may be 
avoided.43

4. Long bone fractures in the face of multisystem trauma. Patients who 
present with a femur fracture and other injuries to critical organs such 
as the lung, brain, or abdomen, or who have extended periods of hypo-
tension, are at risk for complications such as acute respiratory distress 
syndrome, fat embolism syndrome, extended ICU stays, and pneu-
monia. Historically, patients with femoral fractures treated with a 
splint or skeletal traction were at increased risk for these sequelae. 
Early stabilization of femur fractures gained momentum in the 
1980s and 1990s and helped to decrease such complications and 
allowed for earlier mobility and thus fewer consequent problems 
from extended recumbent periods on a ventilator in the ICU. In the 
adequately resuscitated patient, aggressive stabilization for femur and 
pelvic fractures has a favorable effect on pulmonary function following 
blunt trauma.44 In general, fixation of femur fractures with an inter-
locking nail is indicated in the multiply injured patient.45–47 Evidence 
supports femur fixation within 24 hours of injury in the polytrauma 
patient.48–50

Timing and titration of orthopaedic procedures, however, is very im-
portant and requires significant judgment. With widespread execution of 
“early total care,” “at risk” patients, those who are under-resuscitated or 
have concomitant chest trauma, experienced additional complications as 
a result of the “second hit” associated with intramedullary nailing of the 
femur. Damage control orthopaedics is a recently espoused philosophy 
that favors femur stabilization with an external fixator rather than an 
intramedullary nail in order to prevent this second physiologic insult that 
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occurs from intramedullary reaming and manipulation.51 It is thought 
that the intramedullary nailing should be delayed if a patient is physi-
ologically challenged from multiple injuries; however, early (less than 
24 hours) femur stabilization with an external fixator is still prudent.52

 IV. PEDIATRIC ORTHOPAEDIC CONSIDERATIONS

A. General principles of fracture care. Pediatric orthopaedics is a separate 
discipline due to many nuances in diagnosis and management that are very 
different than adult orthopaedic fracture care. Obtaining a history is more 
difficult and takes significant patience, and often family help to solicit ap-
propriate information. Children have injury patterns that are distinctive, 
and with an understanding of these recurring patterns, effective manage-
ment can be learned and applied with greater confidence.

Reducing fractures is frequently more effective in a setting where 
general anesthesia can be administered as it is otherwise difficult to gain 
the cooperation of the child. The rule “one doctor, one manipulation” 
should be observed in the emergency room setting. With all types of 
injuries involving the epiphyseal plate, an accurate diagnosis as to the 
type of injury is important. Minor residual deformity in Salter–Harris 
I and II (see below) injuries correct themselves with subsequent growth, 
so open reduction is not indicated because the operation itself may cause 
more trauma. What the clinician can accept for angular deformity is 
more liberal in children because of their remarkable capacity to remodel 
deformity. For this reason, there are far fewer indications for surgical 
stabilization with internal fixation than in adults. Helpful treatment 
principles follow.
1. Up to 30° of angulation in the plane of joint motion is acceptable 

in metaphyseal fractures in young children. The younger the patient, 
the greater the angulation acceptable. The closer the fracture is to 
the dominant growth plate, the greater the capacity to remodel. The 
dominant growth plate is
a. Femur-distal
b. Tibia-proximal
c. Humerus-proximal
d. Radius-distal

2. If a fracture deformity is obvious on inspection, the fracture should be 
reduced.

3. Fractured femurs in the 3- to 8-year-old group can be allowed to have 
1.0 to 1.5 cm of overlap (Bayonet apposition) due to the potential 
for overgrowth.

4. Children do not experience stiffness of otherwise normal joints.
B. Growth plate injuries. The epiphyseal plate is weakest at the site of cell 

degeneration and provisional calcification (growth plate zones of calci-
fication and hypertrophy). Children who have undergone a rapid growth 
spurt, and in those who are excessively heavy for their skeletal maturity, 
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are particularly vulnerable to such growth plate injuries. Salter classified 
traumatic epiphyseal separations into the following functional groups.
1. Class 1. A fracture through the zone of provisional calcification without 

fracture of bone tissue. Such an injury does not involve a germinal layer 
unless associated with severe trauma either from the initial injury or 
from attempted reductions. Radiographic diagnosis is difficult due to 
the lack of bony injury. Growth disturbances are rare but do occur.

2. Class 2. An epiphyseal plate fracture with an associated fracture through 
the bony metaphysis. Growth disturbance (physeal arrest) is also rare in 
this category of injury.

3. Class 3. An epiphyseal plate fracture associated with fractures through 
the epiphysis. These fractures involve the articular surface. Histologi-
cally, there is a fracture through the germinal layers. Accurate reduction 
is essential to prevent subsequent growth disturbance, but even so, 
alterations in growth are unpredictable. If the articular surface has more 
than 1 mm of “step off,” open reduction is indicated.

4. Class 4. A fracture through the epiphysis, epiphyseal plate, and me-
taphysis. Such an injury almost invariably results in significant growth 
disturbance unless it is anatomically reduced. Open reduction and 
internal fixation are indicated if there is any displacement.

5. Class 5. This is an impact or “smash” injury that destroys all or part of 
the epiphyseal plate and results in growth arrest. Radiographic diagnosis 
can also be difficult as with the type I injury. Close monitoring for 
remaining growth is essential. Surgical resection of the bone bridge and 
fat interposition are necessary if growth arrest results.

C. Diagnostic and therapeutic pediatric pitfalls
 1. Treating accessory ossicles as fractures
 2. Missing an osteochondral fracture
 3. Not following a child long enough to follow effect of growth arrest 

(valgus or varus deformity)
 4. Missing a stress fracture
 5. Confusing an epiphyseal fracture for a ligament injury (“kids do 

not sprain”)
 6. Missing a tibial spine fracture
 7. Overdiagnosing instability of C2–C3 (“pseudosubluxation”)
 8. Overtreating an upper humeral fracture (tremendous remodeling 

capacity)
 9. Failing to realize the instability of an apparently undisplaced lat-

eral condylar fracture of the humerus
10. Overlooking radial head dislocation (should bisect the capitulum) 

on both the anteroposterior and lateral radiographs
11. Distal forearm fractures lose initial reduction frequently and de-

serve close follow-up
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12. Overlooking abdominal injury in a child with a thoracolumbar 
flexion injury

13. Always obtain an opposite limb (joint) X-ray to aid interpretation 
of a physeal injury, particularly in the injured elbow.

 V. PRINCIPLES OF RADIOGRAPHIC DIAGNOSIS. Accurate diagnosis and op-
timal orthopaedic treatment is absolutely dependent upon excellent radiologic 
execution and interpretation. The clinician must, at the very least, demand 
two good quality, orthogonal, appropriately penetrated, X-ray views cen-
tered on the bone or joint of interest without overlying objects obscuring 
detail. This basic principle is perhaps the most violated orthopaedic axiom, 
which leads to mismanagement, frustration, litigious outcomes, and compro-
mised patient care.

A long bone has an articular surface made up of hyaline cartilage at each 
end. This end of the bone is called the epiphysis in the skeletally immature 
patient. In general, a goal of treatment is to ensure that a fracture heals with 
anatomic alignment of articular fragments. Therefore, intraarticular fractures 
deserve a critical radiographic assessment typically with oblique views in 
addition to an anteroposterior and lateral view. An alternative to oblique 
X-rays is the CT scan, but X-rays should never be omitted altogether. Just 
adjacent to the epiphysis is the metaphysis, which is made up of the broad 
funnel-shaped area of bone with thin cortices and dense trabecular bone. In 
between each metaphysis is the area of bone called the diaphysis. In general, 
the metaphyseal and diaphyseal fragments do not need to be reduced anatomi-
cally during treatment and healing. The treatment principle in these areas of 
bone is to restore length, alignment, and rotation of the bone. Any diaphyseal 
fracture warrants orthogonal X-rays of the joint above and below the in-
jury to look for associated fractures or luxations. Frequently, inexperienced 
clinicians or radiology technicians attempt to interpret views of a joint or 
long bone that is not centered on the radiographic cassette. In an effort to 
include an entire bone and its adjacent joints on a single film, an entire 
long bone may be “fit into” an angled cassette. Unfortunately, the detail 
needed to accurately discern articular or diaphyseal detail is lost due to 
angulation of the X-ray projection. The clinician must, therefore, insist on 
dedicated views of joints in addition to views of the long bones with which 
they coincide.

Unfortunately, too many young practitioners bypass the radiograph and 
go directly to a CT scan to interpret fractures. This practice is wrong. Most 
of the time, radiographs suffice for common orthopaedic injuries and, in fact, 
contain all the necessary detail the clinician needs for appropriate treatment. 
The ubiquitous ordering of CT scans is an extremely expensive and wasteful 
strategy and simply bypasses appropriate diagnostic algorithms; furthermore, 
the risks of excess radiation load are substantial especially in children. Further-
more, X-rays yield better information about the quality or density of bone and 
better information about displacement and spatial context of related bones.

The role of computed axial tomography and associated sagittal, coronal, 
and 3D reconstructions might be necessary in complex fractures, particularly 
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those that enter joints. It is also particularly useful for assessment of spine and 
pelvic injuries. The CT scan helps to assess greater bony detail and often pro-
vides a roadmap during preoperative planning. Critical CT findings to look for 
in certain injuries include the following:
 A. Spine-subluxation of vertebral elements
 B. Pelvis-sacral fractures and sacroiliac involvement
 C. Acetabulum-intraarticular fragments of the acetabulum or femoral 

head (which suggests necessary axial traction)
 D. Impaction injury to the acetabulum
 E. Distal femur-coronal plane (Hoffa) fractures
 F. Tibia plateau and pilon-fracture vector and comminution
 G. Talus-talar dome and lateral process injuries (often missed on X-ray)
 H. Calcaneus comminution at subtalar joint

 VI. PRINCIPLES OF FRACTURE HEALING.53 Factors generally reported with 
delayed union and nonunion fracture.54

1. Too much motion destroys the vascular budding into the fracture hema-
toma and interferes with revascularization. Adequate stabilization of the 
fracture, therefore, is mandatory.54

2. Distraction decreases the surrounding vascularity as well as increases the 
length of the bony bridge necessary to heal the fracture. This is especially 
critical with intramedullary nail treatment.

3. Patient factors include smoking, diabetes, steroid medications, and poor 
nutrition.

 VII. STRESS FRACTURES. Normal bone might undergo fatigue or stress frac-
tures when subjected to unaccustomed use. This condition can range from a 
stress fracture of a metatarsal in a runner who has recently increased his or her 
training distance or in an older person who is being mobilized after having 
been confined to a chair or bed. A history of having done something out of 
one’s normal routine, followed by pain, should raise the question of stress frac-
ture in the mind of the physician. Common sites of stress fracture include the 
metatarsals after unusually long walks or running, the distal fibula in runners, 
the tibia in football players (frequently misdiagnosed as shin splints), and the 
femoral neck in both young and older patients. Stress fractures are common in 
military recruits.

The physical examination reveals tenderness to pressure on the bone at 
the site of the fracture. Occasionally, swelling and erythema are present. Ra-
diographic examination can be negative in the first 10 to 14 days, after which 
a small, radiolucent line can usually be seen in association with increasing 
adjacent bone sclerosis. A bone scan shows radioactive uptake earlier and may 
be indicated in the competing athlete, particularly if the suspected fracture is 
in the tibia or femoral neck, both of which have a high incidence of complete 
fracture if the athlete continues competition. MRI can definitively identify a 
stress fracture. Healing stress fractures have been mistaken for bone tumors.55
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Treatment should be based on the relief of symptoms unless there is a 
danger of complete fracture under normal use. Under such circumstances, the 
injury should be treated like any undisplaced fracture.

 VIII. SOFT TISSUE INJURIES

A. Tendon
1. Diagnosis56

a. First-degree strain (mild)
 i. The etiology is trauma to a portion of the musculotendinous 

unit from excessive forcible stretch.
 ii. Symptoms include local pain that is aggravated by movement or 

by tension.
 iii. Signs of injury include mild spasm, swelling, ecchymosis, local 

tenderness, and minor loss of function and strength.
 iv. Complications include recurrence of the strain, tendonitis, and 

periostitis at the tendinous insertion site.
 v. Pathologic changes cause a low-grade inflammation and some dis-

ruption of muscle-tendon fibers but no appreciable hemorrhage.
b. Second-degree strain (moderate).56

 i. The etiology is trauma to a portion of the musculotendinous 
unit from violent contraction or excessive forcible stretch.

 ii. Symptoms and signs include local pain that is aggravated 
by movement or tension of the muscle, moderate spasm, 
swelling, ecchymosis, local tenderness, and impaired muscle 
function.

 iii. Complications include a recurrence of the strain.
 iv. The pathologic findings consist of hemorrhage and the tearing 

of muscle-tendon junction fibers without complete disruption.
c. Third-degree strain (severe).56

 i. Symptoms and signs include severe pain and disability, severe 
spasm, swelling, ecchymosis, hematoma, tenderness, loss of mus-
cle function, and usually a palpable defect. An avulsion fracture 
at a tendinous insertion may mimic a severe strain.

 ii. A complication is prolonged disability.
 iii. Radiographs can demonstrate an avulsion fracture at the tendi-

nous attachment as well as soft-tissue swelling.
 iv. The pathology consists of a ruptured muscle or tendon with the 

resultant separation of muscle from muscle, muscle from tendon, 
or tendon from bone.

2. Treatment. Direct treatment toward limited immobilization, followed 
by eccentric exercises. In some settings, this requires removal of devital-
ized tissue and repair by the sites and type of suture that will not cause 
further devitalization. When possible, sutures are placed in the sur-
rounding fascia and not in the muscle itself.

3. Tendons are relatively avascular structures and do not handle infection 
well. At sites where they course along long synovial tunnels, blood 
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supply is via the long axis of the tendon or vincula. Trauma or sheath 
infections can jeopardize nutrition of the tendon.

4. As a general principle, a lacerated or ruptured tendon should be re-
paired primarily with a nonreactive material and a suture technique to 
ensure continued approximation of the tendon ends. Even with pro-
phylactic antibiotics, primary repair of tendons in wounds more than 
12-hour old carries considerable risk. A nonreactive synthetic suture or 
braided wire is the suture of choice. If the tendon is expected to glide 
subsequently, then handling the tendon with sponges and forceps is 
avoided because this causes further trauma and may be associated with 
dense adhesions.

5. Any involved tendon sheath should be opened in a longitudinal fashion 
so that the tendon is unroofed for the entire excursion of a repaired 
laceration site to
a. Prevent “triggering” of the enlarged sutured site.
b. Allow for revascularization of the tendon at the suture site.
c. Prevent fixation on the relatively immobile sheath.

6. Only those with special training in hand surgery should repair digital 
flexor tendons in the hand.

B. Ligaments
1. Types of injury

a. First-degree sprain (mild)
 i. Signs include mild point tenderness, no abnormal motion, little 

or no swelling, minimal hemorrhage, and minimal functional 
loss.

 ii. Complications include a tendency toward recurrence.
 iii. The pathology consists of minor tearing of the ligamentous 

fibers.
b. Second-degree sprain (moderate)

 i. Signs include point tenderness, moderate loss of function, 
slight-to-moderate abnormal motion, swelling, and localized 
hemorrhage.

 ii. Complications can include a tendency toward recurrence, per-
sistent instability, and traumatic arthritis.

 iii. The pathology is a partial tear of a ligament.
c. Third-degree sprain (severe)

 i. Signs include a loss of function, marked abnormal motion, pos-
sible deformity, tenderness, swelling, and hemorrhage.

 ii. Complications can involve persistent instability and traumatic 
arthritis.

 iii. Stress radiographs demonstrate abnormal motion when pain is 
adequately relieved.

 iv. The pathology is a complete tear of a ligament.
2. Diagnosis of the extent of the ligamentous injury presents one of 

the major problems in orthopaedics. Rupture may be suspected from 
the mechanism of injury or from physical examination, which reveals 
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tenderness over the ligament. The injury might be fairly painless, es-
pecially if the ligament is completely disrupted. Once hemorrhage and 
swelling occur, this diagnostic possibility is limited. Another diagnostic 
aid is a stress radiograph, but it must be compared with the opposite and 
normal side. Such films should be made when the pain is inhibited by 
regional or general anesthesia. Arthroscopy or arthrography can provide 
pertinent information and a diagnosis, but a skilled arthroscopist should 
first be consulted. An MRI scan can be used to make the diagnosis.

3. Treatment of a complete ligamentous rupture is in essence the treat-
ment of a dislocated joint after the dislocation has been reduced. In 
general, preserving motion is most important, and early mobilization 
is the treatment of choice. A temporary orthosis, however, during the 
acute period (i.e., 7 to 10 days) is certainly prudent if not humane when 
pain and swelling are excessive. Ligaments are relatively avascular, so 
healing is slow. The larger ligaments must be protected until the scar 
matures (8 to 16 weeks). The cruciate ligaments of the knee do not 
heal in-substance tears possibly related to the intraarticular physiologic 
milieu, and often require bracing or surgical reconstruction.

C. Nerves
1. Nerve injuries are of three types: contusion or neurapraxia, crush or 

axonotmesis, and complete division or neurotmesis. Blunt injuries 
and those associated with fractures tend to be either neurapraxia or 
axonotmesis. For this reason, the fracture should be treated in its usual 
manner and the nerve injury observed. If it is neurapraxia, recovery will 
be complete within 6 to 12 weeks. If it is an axonotmesis, recovery from 
the trauma site to the next muscle to be innervated should be followed, 
keeping in mind that the expected recovery rate is 1 mm per day or 1 in 
per month. If reinnervation does not occur on time, exploration is indi-
cated. When the distance from the site of trauma to the next innervated 
muscle that can be assessed causes a 6-month delay, early exploration 
is indicated. An electromyogram shows reinnervation approximately 
1 month before it can be detected clinically, but one is dependent on 
the skill of the electromyographer for interpretation (see Appendix. F). 
A traction injury is usually a mixed lesion with a large element of neu-
rotmesis of individual axons at various places along the nerve. A nerve 
injury associated with sharp trauma is usually neurotmesis, and surgical 
repair is indicated. The brachial plexus presents a special diagnostic and 
treatment challenge. Injuries from lacerations, especially in children, 
should be repaired primarily. Most brachial plexus injuries, however, 
are caused by traction and are either an avulsion of the root from the 
cord or the typical tearing of the axons at multiple levels along the 
nerve. MRI is essential for differentiation. If the lesion is an avulsion 
injury, no recovery is possible, and the patient should be started early 
on rehabilitation. If the lesion is the typical traction injury, the patient 
should be followed up to document recovery. If no recovery appears at 
the appropriate time intervals, exploration and possible suture or nerve 
graft should be considered.
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2. As a general principle, secondary repair (3 to 6 weeks after injury) is 
preferable to primary repair for the following reasons:
a. The repair is done as an elective procedure.
b. There is less hesitancy in extending the incision for proper mobi-

lization of the nerve.
c. It is easier to delineate the extent of damage along the nerve.
d. The epineurium has some degree of scarring and hence holds the 

suture better.
e. The distal axon tubules are open because wallerian degeneration has 

occurred, and regeneration has a chance to proceed.
3. There are many exceptions to the preference for secondary repair, such 

as suturing.
a. A digital nerve
b. A nerve in the brachial plexus
c. An isolated nerve injury less than 8- to 12-hours old inflicted by a 

razor or sharp knife
4. Nerve surgery should not be performed at any time by a surgeon 

inexperienced in microscopic techniques.
D. Hematomas

1. Treatment of large hematomas (large compared with the area of con-
finement) whether subcutaneous or in muscle usually should consist of 
evacuation as an elective procedure in the operating room. A hematoma 
is not absorbed but undergoes organization, fibrosis, and scarring. As-
piration of a clot is not possible, so a large hematoma is evacuated by 
open drainage. Before considering this, the surgeon must be sure that 
the hematoma is not expanding or is the cause of shock. If it is, vascular 
surgery consultation is mandatory to consider primary repair.

 IX. FROSTBITE

A. Classification. Frostbite57 is a pathologic entity that occurs on a spectrum 
of severity depending on temperature and duration of exposure. Frostnip 
results in pallor and numbness but no tissue damage after rewarming. Chil-
blain typically involves the patient’s face, pretibial region, or dorsum of the 
hands, and results from repeated exposure. Trenchfoot occurs during water 
immersion of an extremity in subfreezing conditions.

Frostbite occurs commonly in temperatures less than 2°C and includes 
the following degrees of severity:

1° = hyp eremia and edema
2° = hyperemia and vesicle formation with partial-thickness necrosis
3° = full-thickness skin necrosis
4° = full-thickness skin and underlying structure necrosis

B. Treatment
1. Prehospital care. Protection of the frostbitten part from mechanical 

trauma. Avoid rewarming until it can be done definitively.
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2. Rewarming. Hypothermia of the patient should be treated first. 
Stimulation of the vagus nerve or myocardium with nasogastric tubes, 
Swan–Ganz catheter, or other methods should be avoided. If the pa-
tient is breathing, intubation is not appropriate. The patient should be 
rewarmed in a water bath with mild antibacterial soap at 40°C to 42°C 
(104°F to 108°F). A flushed appearance indicates reperfusion and the 
patient should be removed from the bath.

3. Definitive care. The goals of definitive care are to preserve viable tissue 
and prevent infection. If possible, a burn center should be contacted 
for initiation of thrombolytic therapy to salvage threatened tissue and 
limbs. The injured limb should be elevated and protected from even 
mild trauma. Lambs wool should be placed between the toes. Analgesics 
and ibuprofen 4 mg per kg should be administered three times a day. 
Tetanus prophylaxis is appropriate. Any source of nicotine should be 
strictly prohibited.
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Complications of musculoskeletal trauma are distressingly common. Some com-
plications are a consequence of the injury itself and may be unavoidable, whereas 
others are iatrogenic and potentially preventable. Regardless of the etiology of the 
complication, prompt recognition and appropriate treatment lessen the impact of the 
complication and improve the outcome.

 I. SYSTEMIC INFLAMMATORY RESPONSE SYNDROME

A. Systemic inflammatory response syndrome (SIRS) is a condition occurring 
after trauma or sepsis characterized by multiple organ dysfunction and ap-
pears to be mediated by the acute inflammatory response. The magnitude 
of SIRS is correlated with the severity of injury, as well as the magnitude of 
surgery performed in the first 2 days after injury.1 SIRS is mediated by pro-
inflammatory cytokines released by damaged tissue. Although the degree 
of the inflammatory response is generally proportionate to the amount of 
trauma, genetic susceptibility to an exaggerated response has been shown 
to be present in patients with a specific single nucleotide polymorphism.2 
SIRS has many manifestations ranging from occult hypoxemia due to mild 
pulmonary dysfunction to fatal multiorgan dysfunction (MOD).3 SIRS is 
diagnosed when two or more of the following four criteria are present (SIRS 
score)4:

1. Body temperature is below 36°C or greater than 38°C.
2. Pulse is greater than 90 beats per minute.
3. Respiratory rate is greater than 20 breaths per minute; or arterial partial 

pressure of carbon dioxide is less than 4.3 kPa (32 mm Hg).
4. White blood cell count is less than 4,000 cells per mm3 (4 × 109 cells per L) 

or greater than 12,000 cells per mm3 (12 × 109 cells per L); or the presence 
of greater than 10% immature neutrophils (band forms).

Fat embolism syndrome (FES) and the adult respiratory distress syndrome (ARDS) 
are other clinical manifestations of similar phenomenon that are related to SIRS. 
FES may be one of the etiologic factors contributing to SIRS, whereas ARDS is now 
recognized as the “final common pathway” of the pulmonary consequences of SIRS. 
FES is generally a self-limited pulmonary disease that usually occurs within 3 days of 
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a fracture. The diagnosis of FES is suspected if the following symptoms and signs 
are present in a patient with a fracture5–7:

1. Disturbances of consciousness (i.e., confusion, delirium, coma)
2. Tachycardia and dyspnea
3. History of hypovolemic shock
4. Petechial hemorrhages

Any combination of the above symptoms may be present in patients with isolated 
or multiple fractures. Patients with major long bone fractures are particularly at risk 
and should be monitored for occult hypoxemia with continuous, noninvasive pulse 
oximetry.8 When hypoxia is documented, supplemental oxygen is provided. Patients 
with hypoxia should be evaluated for coagulopathy and monitored for pulmonary, 
renal, and hepatic dysfunction that may develop in full-blown SIRS.

Patients presenting with signs and symptoms of SIRS are generally not considered to 
be candidates for immediate stabilization of their orthopaedic injuries. Instead, in these 
circumstances, “damage-control” methods are employed to provide provisional stabi-
lization of fractures, with a delay of definitive fixation until the patient is considered 
physiologically stable. A more detailed discussion of this topic is given in Chapter 2.

B. Pertinent laboratory findings
1. Thrombocytopenia (platelet count <150,000) and hypoxemia (arterial 

oxygen tension [PaO2] <60 mm Hg) are the most clinically useful diag-
nostic tests. Hypoxemia itself is very common in trauma patients and may 
or may not suggest pulmonary compromise.8 Elevated interleukin 6 (IL-6) 
levels are associated with SIRS, and this is a useful marker to follow in 
patients with multiple injuries.9 Patients with multiple injuries and elevated 
IL-6 levels seem to be at increased risk for complications following surgery, 
and when possible, nonemergent orthopaedic procedures should be de-
ferred until the abnormal systemic inflammatory response has resolved.3

2. Electrocardiographic changes may be present and include tachycardia, 
a prominent S wave on lead I, a prominent Q wave on lead II, a shift in 
the transition zone to the left, arrhythmias, inverted T waves, depressed 
RST segments, and a right bundle branch block. Serial electrocardio-
grams are useful.

3. Increased serum lipase is indicative of FES, but is of little practi-
cal value because of the impact of blunt trauma on this laboratory 
parameter.

4. Chest roentgenographic changes, when present, are patchy pulmonary 
infiltrates. The clinical manifestations of fat embolism usually precede 
these changes. The pulmonary findings become more severe in those 
patients who meet the criteria for ARDS.

C. Recommended treatment
1. Respiratory support is the cornerstone of prevention and treatment of 

SIRS, ARDS, FES, and MOD. It is provided to keep the PaO2 between 
50 and 100 mm Hg. Patients with ARDS and MOD usually need 
prolonged ventilatory support with continuous positive airway pressure. 
Renal dialysis may be necessary in the MOD group. In patients with 
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isolated fractures who are physiologically stable, early (within 24 hours) 
fixation of femur fractures helps limit the incidence of this complica-
tion.7,10 Guidelines supporting early fracture fixation include normaliza-
tion of base deficit, coagulation function, and absence of evidence of 
SIRS.11

2. Shock is treated as outlined in Chapter 2, I.A.3.
3. Coagulopathy is monitored and treated with fresh frozen plasma and/

or cryoprecipitate. Platelet counts should ideally be maintained above 
50,000 per mL.

 II. NERVE COMPRESSION SYNDROMES

A. Acute carpal tunnel syndrome (CTS, median nerve entrapment at the 
wrist)
1. The diagnosis of chronic CTS is suspected with a history of pain, tin-

gling, and numbness in the first three digits; the symptoms are usually 
worse at night. Acute CTS can occur following distal radial fracture 
or carpal fracture/dislocation. When occurring as a complication of 
trauma, the condition may develop and progress rapidly. Acute CTS 
must be recognized and treated emergently, first with fracture or dislo-
cation reduction and then with carpal tunnel release if symptoms do not 
immediately resolve (see Chapter 21).

B. Ulnar nerve compression at the elbow (“tardy” ulnar nerve palsy, acute 
ulnar palsy) is commonly associated with fractures and dislocations about 
the elbow in children as well as adults. Acute ulnar neuropathy following 
injury is most often the result of iatrogenic damage such as injury occurring 
during pinning of a supracondylar fracture in a child, or retraction during 
internal fixation of a distal humerus fracture in an adult.
1. An early diagnostic sign is the inability to separate the fingers (inter-

osseous weakness). There is usually decreased sensation in the fourth 
and fifth fingers. Light pressure on the cubital tunnel may reproduce 
the pain. Nerve conduction studies show a slowing of the ulnar nerve 
conduction velocity as it crosses the elbow (see Appendix F). However, 
this test is not useful diagnostically until at least 3 weeks after injury.

2. If symptoms are minimal, ulnar nerve compression is managed with 
observation and passive range of motion of the fingers. Surgical 
therapy consists of exploration, neurolysis, and possible transposition 
of the ulnar nerve beneath the flexor muscle mass anterior to the medial 
epicondyle when the pattern of injury or fracture permits. This treat-
ment usually stops any progressive neuropathy but does not guarantee 
complete regression of the neurologic symptoms or signs.

C. Peroneal nerve palsy may be due to the compression of the common pe-
roneal nerve in the area of the fibular head or as the nerve enters the ante-
rior compartment. Apparent peroneal palsy may also be a manifestation of 
more proximal injury to the peroneal division of the sciatic nerve. Thus 
peroneal palsy may be a complication of hip or pelvic fracture/dislocation.
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1. Diagnosis is often based on the motor loss, which includes weakness of 
dorsiflexion of the ankle and toes as well as eversion of the foot. His-
tory of a hip, tibia, ankle, or foot injury is likely. Pain is usually on the 
lateral aspect of the leg and dorsal aspect of the foot. Pressure over the 
nerve trunk may cause local pain as well as radiation into the sensory 
distribution of the nerve. Pressure over the nerve as it courses around the 
proximal fibula results from patient positioning in the operating room 
or intensive care unit or from poorly applied splints.

2. Treatment. Associated hip, knee, or ankle dislocations are emergently 
reduced. If there is an operable cause, neurolysis is indicated. During 
the recovery stage, a lateral shoe wedge or plastic ankle-foot orthosis 
maintains eversion of the foot. Tendon transfer may be appropriate for 
some patients with a permanent foot drop.

D. Sciatic nerve neuropraxia can accompany hip dislocation or fracture dislo-
cation (acetabular fracture). Note that some sciatic palsies may present as 
an isolated peroneal palsy, as discussed above.
1. The main differentiating factor in the diagnosis of a sciatic neuropa-

thy is an L5 or S1 root injury resulting from pelvic or spine fracture. 
A sciatic neuropathy must be suspected when multiple neurologic  
(L5–S3) segments are involved. A helpful differentiating test is straight-
leg raising just short of discomfort; pain caused by a sciatic neuropathy 
is increased by internal rotation and relieved by external rotation of the 
hips. This reaction is not seen with lumbar radiculopathies.

2. Treatment is aimed at the cause of the sciatic neuropathy, and the neu-
ropathy itself is treated with observation. If the sciatic nerve is known 
to be damaged and is not improving, neurolysis may be indicated. In 
general, the tibial portion of the nerve recovers well, but the peroneal 
portion does not.12 This may be related to the fact that it is the peroneal 
portion that lies against the pelvis as it exits through the greater sciatic 
foramen.

 III. COMPARTMENT SYNDROMES. A compartment syndrome is defined as “a 
condition in which increased pressure within a space compromises the circu-
lation to the contents of that space.”13 Although most commonly applied to 
the osteomyofascial compartments of the extremities, compartment syndrome 
can occur in the abdomen and in major muscle groups about the spine and 
pelvis. Other terms that have been used to describe compartment syndrome 
are Volkmann ischemia, local ischemia, traumatic tension in muscles, impend-
ing ischemic contracture, exercise ischemia, exercise myopathy, anterior tibial 
syndrome, medial tibial syndrome, rhabdomyolysis, and calf hypertension. 
Compartment syndrome following trauma is most common in men under the 
age of 35 with fractures of the tibia or forearm.14

A. Locations
1. In the upper extremity, typical locations include the volar and dorsal 

compartments of the forearm (Fig. 3-1).There are also several intrinsic 
compartments of the hand.
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2. In the lower extremity, typical locations include the anterior, lateral, 
superficial posterior (gastrocnemius, soleus), and deep posterior com-
partments of the leg (Figs. 3-2 and 3-3). Compartment syndromes are 
also seen in the thigh, arm, buttocks (gluteal), and foot compartments.15

Figure 3-1. Volar compartment syndrome of the forearm. Symptoms and signs of weakness of 
finger and wrist flexion, pain on finger and wrist extension, hypesthesia of the volar aspect of 
the fingers, and tenseness of the volar forearm fascia.

Figure 3-2. Anterior compartment syndrome of the leg. Symptoms and signs are weak-
ness of toe extension and foot dorsiflexion, pain on passive toe flexion and foot plantar 
flexion, hypesthesia in the dorsal first web space, and tenseness of the anterior compart-
mental fascia.
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B. Etiologies
1. Decreased compartment volume, such as occurs following closure of 

fascial defects, application of tight circumferential dressings, and local-
ized external pressure, can precipitate a compartment syndrome.16

2. Increased compartment content arises from the following:
a. Bleeding caused by a major vascular injury, edema from massive 

tissue crushing, or a bleeding disorder
b. Increased capillary permeability due to shock, postischemic swell-

ing, exercise, direct trauma, burns, intraarterial drugs, or orthopaedic 
surgery

c. Increased capillary pressure from exercise or venous obstruction
d. Muscle hypertrophy
e. Direct infusion (infiltrated intravenous [IV] line, injection gun)
f. Application of excessive traction (Fig. 3-4)

C. Increased tissue pressure is the key feature of compartment syndromes. 
Once the pressure is elevated, it can compromise the local circulation by 
at least three mechanisms: decreased perfusion pressure, arteriolar closure, 
and reflex vasospasm. Muscle cell death and nerve dysfunction begin ap-
proximately 6 hours after the pressure begins to approach 20 mm Hg lower 
than the patient’s diastolic pressure.

D. The clinical approach. Note that compartment syndrome may be divided 
into “chronic” and “acute.” Chronic compartment syndromes are related 
to exertion and tend to occur when a given activity level causes transiently 
increased tissue pressures that resolve with rest. The topic of this chapter 
relates to acute compartment syndromes, which are limb threatening and 
must be treated as potential emergencies.
1. Identify the patients at risk as early as possible and examine them 

frequently. Continuous real-time monitoring of intramuscular pressure 

Figure 3-3. Deep posterior compartment syndrome of the leg. Symptoms and signs are weak-
ness of toe flexion and foot inversion, pain on passive toe extension and foot eversion, hypesthe-
sia of the plantar aspect of the foot and toes, and tenseness of the deep posterior compartmental 
fascia (between the tibia and the Achilles tendon).
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should be done if the patient’s mental status and/or the ability to ex-
amine the patient are compromised in any way. If the risk is high and 
the patient is under anesthesia, consider prophylactic decompression. 
Patients who have been hypotensive for any reason are at particular 
risk. Patients under anesthesia are frequently hypotensive; in a series of 
patients undergoing tibial nailing, the preoperative blood pressure was 
predictive of the postoperative blood pressure and may be used in this 
setting for calculation of perfusion pressure.17

2. Carefully document the time and findings of each examination.
3. The appearance of excess pain, sensory deficits, or muscle weakness 

demands a thorough examination to rule out a compartment syndrome 
(Table 3-1). Because the compartment syndrome is usually progressive, 
frequent examination is indicated in questionable cases. Of the five 
“Ps” traditionally taught to be associated with compartment syndrome 
(pain, pulselessness, pallor, paresthesias, and paralysis), only pain and 
paresthesias are useful for the early diagnosis of compartment syndrome. 
Classically, pain with gentle passive motion is the first sign, and pulsel-
essness is the last. Patients who are at risk for developing compartment 
syndrome of an injured extremity should not have regional anesthesia. 
Patient-controlled anesthesia techniques are also capable of masking the 
pain associated with compartment syndrome and should be used with 
caution in “at-risk” patients.
a. Check each potentially involved nerve using two-point discrimina-

tion and light touch because both are more sensitive than the com-
monly used pin.

b. Grade the strengths of all potentially involved muscles (see 
 Appendix B).

Figure 3-4. Distraction of fracture fragments (excessive traction) can increase compartmental 
tissue pressure and be a cause of a compartment syndrome.
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c. The passive muscle stretch test causes severe pain if the muscle is 
ischemic.

d. Palpation of each compartment is important because tenseness is 
a specific sign of a compartment syndrome. This sign is obscured 
unless the dressing and plaster are adequately opened. Warm and 
red skin overlying the affected compartment suggests a cellulitis or 
thrombophlebitis.

e. The peripheral pulse is frequently normal in the presence of a 
compartment syndrome. If it is abnormal, the diagnosis of a major 
arterial occlusion or compartment syndrome must be entertained.

f. Laboratory findings are nonspecific.
4. The tissue pressure can be accurately measured by either the infusion or 

the wick technique (Figs. 3-5 and 3-6), both of which give similar pres-
sure readings.18 A simpler but less reliable measurement can be obtained 
by the injection technique (Fig. 3-7). Tissue pressures are normally 
higher in children (up to 17 mm Hg) than adults (up to 10 mm Hg).19 
Tissue pressure readings within 30 mm Hg of the patient’s diastolic 
blood pressure (perfusion pressure <30 mm Hg) are strongly suggestive 
of evolving compartment syndrome.20 The various techniques for pres-
sure measurement are described by Whitesides.16 The anterior compart-
ment is nearly always involved in patients with compartment syndrome 
and has been called the “sentinel” compartment. Continuous monitor-
ing of the anterior compartment is performed merely by connecting a 

TABLE 3-1  Diagnostic Factors in Compartment Syndromes of the Lower 
Extremity

Compartment Distribution 
of Sensory 
Changes

Muscles 
Weakened

Painful 
Passive 
Movement

Location of 
Tenseness

Anterior Deep peroneal 
(first web 
space)

Toe extensors 
and tibialis 
anterior

Toe flexion Anteriorly 
between tibia 
and fibula

Lateral Superficial and 
deep peroneal 
(dorsum of 
foot)

Peroneals Inversion of 
foot

Laterally over 
fibula

Deep 
posterior

Posterior tibial 
(sole of foot)

Toe flexors and 
tibialis posterior

Toe extension 
in distal half

Posteromedially 
of leg between 
Achilles tendon 
and tibia

Superficial 
posterior

None Gastrocnemius 
and soleus

Foot 
dorsiflexion

Over the bulk 
of the calf

From Matsen FA III. Compartmental syndrome. Clin Orthop. 1976;113:8, with 
permission.
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saline-filled IV tube to an angiocath inserted into the muscle, which is 
connected to a standard pressure transducer. A three-way valve allows 
the line to be flushed periodically. Although these measuring techniques 
are useful, the clinician should rely largely on the patient’s history and 
ongoing (or repeat) examinations to establish the proper diagnosis and 
treatment program. In the presence of head injury, intoxication, or 
an unreliable or unconscious patient, monitoring techniques become 

Figure 3-5. Tissue pressure measured by the infusion technique.

Figure 3-6. Tissue pressure measured by the wick technique.
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indispensable. The evaluation should include measurement of the tissue 
pressure at multiple levels in the compartment.21

5. If the examination suggests a compartment syndrome, decompression 
of the involved compartments by fasciotomy should be performed 
emergently, ideally within 8 hours of the onset of symptoms. It is very 
important to perform a longitudinal skin incision that spans the major-
ity of the length of the involved compartment; inadequate skin release 
does not provide adequate decompression22 and is a common reason for 
continued tissue ischemia and poor outcome.

6. If decompression does not produce the expected improvement, one 
should consider the possibilities of inadequate decompression, another 
compartment syndrome, incorrect diagnosis, or secondary arterial 
occlusion. Careful reexploration and possibly arteriography are 
indicated.

7. Because myoglobinuria and renal failure can complicate compartment 
syndromes, adequate hydration and urinary output, with alkalinization 
of the urine using IV sodium bicarbonate, should be ensured. Dark 
urine may usually be attributed to myoglobinuria if the benzidine test is 
positive and in the absence of hematuria.

If the compartment syndrome is recognized more than 24 hours 
after the onset of symptoms, fasciotomy should not be performed. The 
risk of deep infection is high and often results in limb loss. When the 
time of onset is known to be 24 hours or longer, observation with urine 
alkalinization should be the recommendation.23

Figure 3-7. Tissue pressure measured by the injection technique.
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 IV. CHRONIC REGIONAL PAIN SYNDROME (CRPS, ALSO KNOWN 
AS SYMPATHETICALLY MAINTAINED PAIN SYNDROME; SUDECK 
 ATROPHY; REFLEX SYMPATHETIC DYSTROPHY). Suspect early CRPS 
in any patient with persistent complaints of pain, especially when associated 
with hyperesthesia of the skin and/or abnormal pseudomotor response. For 
example, an excessively sweaty extremity that has severe pain with light touch 
(such as with bedding sheets or clothing) should be suspected as having CRPS. 
For successful treatment, the diagnosis must be made before the classic 
signs of thin shiny skin, excessive hair growth, attrition of nails, and diffuse 
osteoporosis occur. Whenever the diagnosis is suspected, institute treatment 
immediately. Treatment consists of regional sympathetic nerve blocks plus 
vigorous active physical therapy to mobilize any edema as well as to increase 
the muscle activity and the range of joint motion. The condition can occur in 
the upper extremity as well as in the lower extremity from the knee distally.

 V. VENOUS THROMBOEMBOLISM

A. Deep vein thrombosis (DVT) is extremely common in trauma patients.24 The 
risk is greatest in patients with spine, pelvic, and hip trauma but is sufficiently 
high to warrant prophylactic treatment in all injured patients. Goel et al.25 
found an 11% incidence in patients with fractures below the knee. Thomas26 
found that 2% of outpatients in a cast following fracture developed symp-
tomatic DVT, whereas 1% had pulmonary embolism (PE). The risk of DVT 
is further increased in patients with hereditary (often occult) thrombophilia, 
women who receive hormone replacement therapy, pregnant patients, and 
those who are obese, have cancer, or a history of DVT.

The diagnosis of DVT should be entertained in any patient with 
lymphedema and/or unusual pain in an injured extremity. PE is rarely the 
first manifestation of DVT. When the diagnosis of DVT is considered, 
screening the extremities with duplex Doppler venous ultrasound is usually 
done first. Contrast venography is not usually done except in the research 
setting because of its invasiveness and potential complications. Spiral 
CT has become the diagnostic method of choice when considering PE.27 
Magnetic resonance venography is an emerging technique that is especially 
promising for diagnosing DVT in the pelvis, whereas ultrasound has been 
shown to be less reliable.

B. When DVT is identified, patients are usually anticoagulated. Although IV 
therapeutic heparin infusion followed by oral warfarin is the traditional regi-
men, new data support the use of intermittent, therapeutic doses (1 mg/kg/
day) of low-molecular weight heparin. Treatment is usually provided for 3 to 
6 months. When anticoagulation is not possible, often because of associated 
injuries, a vena cava filter should be inserted.28 This is especially appropriate 
to consider when a patient needs to undergo subsequent major pelvic, spine, 
or extremity surgery.

Prophylactic treatment to prevent DVT is initiated in every trauma 
patient upon admission. Mechanical devices such as sequential compression 
stockings or intermittent plantar compression pumps should be applied 
to both legs of injured persons when possible. Delayed administration of 
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enoxaparin, beginning 5 days after injury, has been shown to be an effective 
regimen with fewer complications than when it is started within 48 hours 
of injury.29

Screening of patients with venous ultrasound should be done in patients who 
have had a delay in the initiation of prophylaxis for any reason. Screening can also 
be considered at discharge to assist with decisions about continuing prophylaxis fol-
lowing discharge.

 VI. MYOSITIS OSSIFICANS

A. Heterotopic bone formation often occurs after injury or surgery and can 
occur in any collagenous supportive tissue of skeletal muscles, tendons, 
ligaments, and fascia. There are four clinical types; three may be seen in 
injured patients:
1. Myositis ossificans progressiva is rare and can be genetic. It usually 

occurs between the ages of 5 and 10 years (younger than age 20) and 
proceeds relentlessly to progressive ossification of skeletal muscles. It is 
often present in the shoulders and neck as firm subcutaneous masses, 
which can be hot and tender and can undergo ossification. Often as-
sociated are microdactyly of the great toes and thumbs, ankylosis of the 
interphalangeal and metatarsophalangeal joints, and bilateral hallux val-
gus. Minor trauma often causes exacerbations. Treatment may include 
diphosphonate combined with surgery for severe joint malpositioning 
and functional impairment.

2. Myositis ossificans paralytica occurs in proximal paralyzed muscles. 
The ossification occurs 1 to 10 months after a spinal cord injury. This 
process causes decreased passive range of motion. The three classic sites 
are in the vastus medialis, the quadratus femoris, and the hip abductors. 
Surgical treatment is indicated only if the position and function of the 
extremity are unacceptable and when the ossification has matured. After 
excision, the dead space created must be drained by closed suction and 
the wound carefully observed for a hematoma.

3. Myositis ossificans circumscripta can be idiopathic but is more com-
monly caused by focal trauma and is common as a sports injury in the 
contact setting. It is more common in teenage or young adult males. It 
presents as an uncomfortable, indistinct mass that shows local indura-
tion and a local increase in temperature. The lesion occurs 80% of the 
time in the arm (biceps brachialis) but also occurs in the thigh (abduc-
tors and quadratus femoris). Roentgenograms show fluffy calcification 
2 to 4 weeks after injury. In 14 weeks, the calcification has matured, 
and in 5 months, ossification has occurred. The differential diagnosis 
includes osteosarcoma and periosteal osteogenic sarcoma. Treatment 
is by excision, only if the lesion is unusually large or painful and after 
ossification is mature. Post operative nonsteroidal anti-inflammatory 
medication is generally recommended to limit recurrence.

4. Myositis ossificans traumatica, the most common type of heterotopic 
ossification, presents the same way as the circumscripta type except for a 
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clear history of trauma and/or surgery, with localized ossification within 
the traumatized area.30 Treatment is controversial but is generally aimed 
at the prevention of ossification by immediate application of cold com-
pression to the area of muscle injury. Later, heat is applied. An operation 
is indicated only when the ossification causes permanent impairment 
and only after the process has stabilized, often as soon as 6 to 8 months 
after injury.

B. The precise pathophysiology of myositis ossificans is not known. Pre-
ventive treatment should be designed to stop the sequence of osteogenesis.
1. Pharmacologic treatment is generally prophylactic and has his-

torically included bisphosphonates to inhibit hydroxyapatite crys-
tallization, mithramycin to interfere with mobilization of calcium, 
and cortisone to decrease bone formation at the site of injury. None 
of these drugs, however, has proved to be an extremely beneficial 
therapeutic agent. Indomethacin and Naprosyn have been shown to 
help minimize posttraumatic heterotopic ossification associated with 
acetabular fractures and arthroplasty.30–32 Similarly, low-dose irradia-
tion with 800 to 1,000 radians has been shown to be very effective at 
preventing heterotopic ossification.33

2. When surgical treatment is indicated, traditional teaching has been 
to wait until the ossification is mature—that is, when the bone scan is 
negative and the alkaline phosphatase level is decreasing. Many authors 
have recently advocated earlier resection before these tests have returned 
to normal.34
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Prevention of infection is key to successful orthopaedic surgery. Meticulous atten-
tion to aseptic technique in the operating room, proper skin preparation and surgical 
scrub, the use of modern gown and mask techniques, planning the operation to 
shorten the time the tissues are exposed to air, laminar flow air, and prophylactic 
antibiotics1–4 are all important in the prevention of infection. However, none is 
as critical as meticulous debridement of wounds and careful handling of tissues 
to prevent cell death.4 When infection does occur following an operation or from 
hematogenous origin, early diagnosis and prompt effective treatment can prevent 
disastrous complications.

 I. PREVENTION

A. Elective surgery. Refer to Chapters 2, III, and 11, I, for techniques de-
scribed for the prevention of operative and posttraumatic infections.

B. Early diagnosis
1. Whenever a patient’s postoperative or postinjury status does not fol-

low the normal or expected course, the surgeon should be alert to the 
possibility of infection. A respiratory problem such as mild atelectasis 
may be a cause of persistent postoperative temperature elevation (this is 
especially common in patients who smoke), but such a potential diag-
nosis should not lull the surgeon into complacency. Wound infection 
may be the cause, or the two could be concurrent. Large hematomas can 
themselves be the cause of fever, but hematomas also represent the best 
culture media for bacteria and hence should be avoided or evacuated if 
present. Always obtain a culture of any evacuated hematoma.

2. When there is concern regarding a wound infection, inspect the wound 
and document the findings at least daily, using sterile technique. Inspect 
the wound for swelling, erythema, and serous or bloody drainage. Cul-
ture any drainage. Tense skin, erythema, and abnormal tenderness or 
swelling are frequently signs of low-grade inflammation and infection.

3. If the patient does not respond promptly to treatment or if the wound 
remains indurated, aspiration should be carried out using aseptic tech-
nique with a large needle inserted into the wound area but away from 
the suture line.
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4. A low-grade fever in patients who have had antibiotics is not uncom-
mon. In such instances, the temperature rarely exceeds 37.8°C (100°F) 
and may show a mild afternoon elevation. The patient frequently feels 
lethargic and has mild anorexia.

5. Be alert to the possibility of infection. Establish the diagnosis through 
cultures whenever possible, and treat the infection aggressively. If in 
doubt, the best course is generally to return the patient to the operating 
room and open the wound, irrigate and debride it to remove hematoma 
and necrotic wound tissue, and reclose the wound using the most “tissue 
friendly” suture technique (see Chapter 11). If a low-grade inflamma-
tory process involves a joint, the patient complains of pain from passive 
motion of the joint, which should alert the surgeon to the possibility of 
a septic joint.

Consultation with another experienced surgeon can be helpful.
C. Treatment. Once the diagnosis of a musculoskeletal infection has been 

established, treatment proceeds as for acute osteomyelitis or septic arthritis. 
The principles of treatment include removal of all dead tissue and any 
hematoma along with appropriate antibiotic therapy. The wound is nearly 
always left open for secondary closure except when the infection involves a 
joint. If the wound is closed, a suction drain is mandatory.

 II. BONE AND JOINT INFECTIONS

A. Bones and joints represent special problems for the host defense mecha-
nisms. Normal bone has an excellent blood supply, although there is 
slowing of the circulation in the metaphyseal region in children. Once pus 
forms under pressure, the vascular supply to bone is lost because of its rigid 
structure, resulting in areas of infected, devitalized bone. Septic emboli in 
bone or vascular thrombosis can cause additional devascularization. Liga-
ments and tendons are relatively avascular structures and do not handle 
infection well. Joints, with their avascular cartilage and menisci, pose a 
particular problem. Local phagocytic function can be deficient, and it is 
often difficult to ensure adequate delivery of humoral factors (antibodies, 
opsonins, complement). In addition to the direct destructive effect of cell 
breakdown on cartilage, the pus under pressure interferes with cartilage 
nutrition and blood supply to the periarticular structures. At particular risk 
is the epiphyseal blood supply, and avascular necrosis may be the result. 
Antibiotics can inhibit or cure an infection only when they can reach the 
infecting organism in bacteriostatic or bactericidal concentrations. Infec-
tions producing pressure in a bone or joint as well as in relatively avascular 
tissues can impede or prevent antibiotics from reaching the primary site of 
infection.

B. An acute infection of bone (hematogenous osteomyelitis), in its earliest 
phase, is a medical disease and can often be cured by prompt, appropriate 
antibiotic therapy. However, the time between initial infection and bone 
infarct is often short. If effective treatment is delayed and devascularization 
of the involved tissues results, surgical treatment is a necessary adjunct to 
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the antibiotic therapy. Even under the best of circumstances, late treatment 
(perhaps as early as 48 hours after the infection starts) may result in the loss 
of or abnormal function of the joint. Thus, appropriate antibiotic therapy 
must be initiated as early as possible. Appropriate therapy requires knowl-
edge of the etiologic agent and its sensitivities. Every effort should be made 
to obtain a bacterial culture and determine sensitivity. Once the culture 
specimen is obtained, it is important to institute antibiotic therapy based on 
a probable diagnosis using the most effective broad-spectrum antibiotics.

C. Diagnosis

1. The earliest symptom or sign that may help differentiate a bone or 
joint infection is usually pain or localized tenderness in the periarticular 
region. In the infant, refusal to move or use an extremity may be noted 
first. The cardinal signs of infection—redness, heat, and swelling—may 
appear later than the pain and tenderness, or not at all. When examining 
a child with a fever of unknown origin, note any pain or alteration of the 
normal range of motions of a joint and carefully palpate all metaphyseal 
areas to determine local tenderness. Roentgenograms are of little value 
in making the early diagnosis, although careful comparison with the op-
posite side may show abnormal soft-tissue shadows. Roentgenographic 
evidence of bone or joint destruction is seen during the chronic phase 
of the disease. Osteomyelitis should always be included in the differen-
tial diagnosis for a patient with the radiographic appearance of a bone 
tumor.5 Radioisotopic bone scanning, especially indium imaging, is 
helpful in early localization of bone infection.6 Many authorities have 
advocated the use of magnetic resonance imaging in the diagnosis of 
osteomyelitis,7–10 but clinical context is of paramount importance in the 
evaluation of any abnormal findings. Erythrocyte sedimentation rate 
(ESR) and C-reactive protein (CRP) serum levels are useful in labora-
tory evaluations.11–14

2. Identification of the infecting organism is essential. In the early stages of 
the disease, particularly if there is a spiking temperature, blood cultures 
can often identify the organism. If acute metaphyseal tenderness is pres-
ent, the organism can frequently be obtained by inserting a needle into 
the site of maximum tenderness. A serrated biopsy needle is useful if 
subperiosteal pus is not encountered. If a joint is involved, the effusion 
should be aspirated before joint lavage. Processing the aspirates should 
include the following:
a. Immediate Gram stain.
b. Culture for aerobic and anaerobic bacteria.
c. White blood cell count and differential.
d. Determination of the character of the hyaluronic precipitate, the 

presence of fibrin clots, and any disparity between the glucose in the 
aspirate and blood glucose may prove helpful, but the Gram stain, 
culture, and cell count are most valuable.

D. Differential diagnosis. Care must be taken to differentiate soft-tissue 
infection, or cellulitis, from an infection involving a bone or joint. This 
is a particularly important precaution when the infection overlies a joint 
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because any aspiration of a reactive sterile effusion by passing a needle 
through the soft-tissue infection may create a pyarthrosis. Tenderness and 
swelling from unrecognized trauma over a bone, particularly with some 
periosteal reaction, can present a confusing picture, but the absence of fever 
and systemic signs is helpful. Nonbacterial inflammatory arthritis, includ-
ing viral and toxic synovitis and rheumatoid arthritis, must be included 
in a differential diagnosis, but until proved otherwise, think first of septic 
arthritis. Spontaneous hemorrhages in patients with hemophilia and frac-
tures in paraplegic patients, particularly patients with meningomyelocele, 
are special situations that can confuse the picture.

E. Bacterial considerations1,4,12

1. In acute hematogenous osteomyelitis, Staphylococcus aureus is the most 
common etiologic agent in all age groups. In recent years, an increasing 
number of isolated strains have been found to be methicillin resistant. 
In infants younger than 1 month, a diversity of other bacteria must also 
be considered. Group B streptococci and gram-negative organisms such 
as Escherichia coli, Proteus species, Pseudomonas aeruginosa, Klebsiella 
pneumoniae, and Salmonella species are all possible pathogens. In infants 
with a complicated medical history, particularly those who have had 
prolonged indwelling venous catheters, extensive surgery, or intensive 
prior antibiotic therapy, coagulase-negative staphylococci, and rarely 
anaerobic organisms such as Bacteroides fragilis and fungal agents such 
as Candida albicans (hard to diagnose) must also be considered.

2. In septic arthritis and osteomyelitis among infants younger than 
1 month, S. aureus is the predominant etiologic agent. After the neo-
natal period and up to 4  years of age, Haemophilus influenzae is also 
a  major cause of septic arthritis in those who have not had the Hib 
 vaccine. In later childhood, the etiologic agents are the same as for 
adults, with S. aureus predominating. Neisseria gonorrhoeae must be 
 seriously considered, particularly among sexually active persons with 
single (especially the knee joint) or multiple joint findings. If there has 
been a preceding infection or if there is a concurrent infection in an-
other organ system, one may suspect that the etiologic agent is the same 
as that from the initiating focus. But, because this is not always the case, 
direct culture from the bone or joint infection is advised.

F. Special considerations
1. Infections of the intervertebral discs, or acute discitis, may be encoun-

tered in children without antecedent infection or surgery.15 When 
organisms have been recovered, they have usually been staphylococcal. 
Infants may merely refuse to stand or walk, whereas older youngsters 
complain of pain in the back or lower extremity. The infection is usually 
low grade, particularly among children younger than 5  years. Roent-
genograms reveal that the involved disc narrows rapidly over the first 
2 to 3 weeks. A bone scan shows increased activity in the adjacent ver-
tebrae. Although the process often appears self-limited, the symptoms 
and course of the disease can be improved by plaster immobilization and 
antistaphylococcal antibiotics. The difficulty in obtaining a bacterial 
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diagnosis, even with needle biopsy, combined with the benign course of 
this condition, has led many clinicians to ignore efforts at establishing a 
bacterial diagnosis. However, the condition must be differentiated from 
vertebral osteomyelitis with secondary disc destruction; in the latter 
condition, it is essential to obtain the bacterial diagnosis as an integral 
part of treatment of what can be a severe disease. The same precaution 
applies to disc infections following laminectomy. In these cases, an 
infection should be suspected when a postsurgical patient complains of 
increasing back pain starting 1 to 2 weeks postoperatively.

2. Patients with hemolytic disorders, particularly those with sickle cell dis-
ease, are prone to the development of a subacute form of osteomyelitis. 
Salmonella infections are frequent, but other types of bacterial osteomy-
elitis are not uncommon.4 Because the diagnosis is usually made late, 
treatment is difficult and may require extensive surgical debridement 
and prolonged antibiotic therapy.

3. Another special problem is presented by the patient who sustains a 
puncture wound in the sole of the foot. Despite initial cleansing and 
occasional debridement, cellulitis, arthritis, or osteomyelitis involving 
the foot develops in many patients.11 This occurrence is most commonly 
caused by P. aeruginosa. Early surgical debridement of the infected 
foot, including the plantar fascia, combined with preoperative and 
postoperative anti-P. aeruginosa antibiotics, has been the most effec-
tive method of management. For a serious infection, antibiotic therapy 
with an aminoglycoside (e.g., tobramycin), or an antipseudomonal 
beta-lactam (e.g., ceftazidime), or a quinolone (ciprofloxacin) should 
be administered1; however, quinolones are relatively contraindicated for 
use in prepubertal children. Appropriate sensitivities guide antibiotic 
selection. Duration of therapy is empirical and may be guided by the 
clinical appearance and the CRP or ESR.11,15 Aminoglycoside doses need 
to be adjusted according to peak and trough serum levels, and moni-
toring must include weekly serum creatinine (Cr) measurements and 
regular audiologist evaluation. Patients with human immunodeficiency 
virus or acquired immunodeficiency syndrome can have septic joints, 
which may frequently be missed because of the relatively weak immune 
response to the infectious agent. Joint aspiration should be performed 
in this setting.16

4. Lyme arthritis. Lyme arthritis, the most common vector-borne infec-
tion in the United States, is caused by the spirochete Borrelia burgdor-
feri, which is transmitted to humans primarily via the Ixodes scapularis 
tick from its natural hosts, deer and white-footed mice.17 Arthritis, the 
most common form of late Lyme disease (other forms being encepha-
lopathy and polyneuropathy), can occur weeks to months after the 
original infection. Approximately 60% of untreated primary disease 
will develop arthritis.18 Clinical presentation includes fever and joint 
effusion, which may be confused with acute septic arthritis, especially 
in children.19 Treatment with oral antibiotics such as doxycycline for 
4 weeks or the parenteral agent ceftriaxone for 2 weeks usually results 
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in lasting cure. However, a small percentage of patients experience 
ongoing symptoms despite antibiotic therapy. Possible reasons include 
persistent infection, residual joint damage, or a chronic autoimmune 
synovitis.20

G. Requirements and characteristics of appropriate antibiotic treatment1,4,21

1. For initial treatment of bone or joint infection, choose an antibiotic 
effective against the suspected organism and a route of administration 
that ensures delivery of therapeutic levels to the infected site. The in-
travenous (IV) route is generally preferred for initial treatment although 
some antibiotics achieve comparable blood concentrations when given 
orally. Recent studies1 have indicated that oral antibiotics appear in 
therapeutic concentrations in bones and joints and, if given properly, 
can substitute for parenteral therapy in children.

2. The duration of parenteral treatment is 3 to 4 weeks for septic arthritis 
and 4 to 6 weeks for osteomyelitis (the longer duration for infections 
caused by S. aureus). In adults with selected organisms, the treatment 
may be completed using oral quinolones after the initial pain, swell-
ing, and fever have resolved with IV antibiotics. Quinolone antibiotics 
(ciprofloxacin, levofloxacin, moxifloxacin) have allowed oral therapy 
against a broad spectrum of bacteria including Pseudomonas.1 In treat-
ing children with osteomyelitis, treatment may be initiated with an IV 
agent such as nafcillin (Nafcil or Unipen), and the 4- to 6-week treat-
ment course may be completed with oral dicloxacillin (Dynapen) or 
trimethoprim (Bactrim or Septra). For all ages, the dosage of antibiotics 
(oral or parenteral) is at the upper therapeutic level. When possible, 
adequate drug levels for both oral and parenteral agents should be docu-
mented. Providing outpatient parenteral antibiotics greatly reduces the 
cost of treatment. The differentiation between a mild, well-localized 
infection and a localized bone tumor can sometimes require a surgical 
biopsy.5 The CRP or ESR is also a helpful guideline to determine the 
duration of treatment.11 A summary of antimicrobial agents commonly 
used in acute bone and joint infections is presented in Table 4-1. These 
agents are known to enter bone and joint sites readily when given in 
adequate doses.

3. In an acute infection in which the organism is not immediately identi-
fied, the choice of therapy is determined by the organisms most com-
monly expected in the various age groups, along with the other factors 
previously listed. General guidelines are presented in Table 4-2.

4. A local instillation or continuous irrigation with an antibiotic solution 
is almost never indicated. Systemic antibiotics, properly administered, 
achieve adequate levels in viable tissues.1,4 In many posttraumatic condi-
tions, delivery of local antibiotics in methyl methacrylate beads is worth-
while.21 This treatment is indicated especially when a delayed bone graft 
or soft-tissue muscle flap is planned. Some favorable reports have been 
published about an implantable pump with a reservoir for antibiotic 
(generally amikacin).
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5. Continue antibiotics until the infection has been eliminated. A normal 
or declining ESR or CRP is one of the most helpful laboratory tests to 
indicate control of infection.

H. Adjunctive treatment. Most orthopaedists believe that the healing process 
is aided by immobilizing the infected area. There is disagreement over 
casting or splinting. Undoubtedly, patients are more comfortable when the 
infected area is immobilized. If damage to the bone is significant, cast im-
mobilization may be important to prevent a pathologic fracture. If damage 
to articular cartilage is suspected, motion of the involved joint is recom-
mended after a brief 1- to 2-day period of immobilization.

I. Surgical intervention. Appropriate antibiotic treatment instituted within 
the first 48 hours of acute osteomyelitis or septic arthritis is usually satisfac-
tory. However, early diagnosis is rarely the case. If treatment is initiated 
over 48 hours after onset, it is important to determine whether medical 
treatment alone is adequate. Err on the side of more aggressive operative 
drainage. If the patient has been on an appropriate antibiotic for more than 
24 hours without significant resolution of pain and temperature, surgical 
intervention is indicated.
1. In a bone infection, metaphyseal or subperiosteal abscesses must be 

drained. If metaphyseal point tenderness is present, and there is doubt 
whether this represents significant metaphyseal or subperiosteal pus, it is 
safer to err on the side of a small surgical exploration or aspiration with a 
biopsy needle. If pus is encountered, open surgical drainage is indicated.

2. Joints
a. In joint infections, satisfactory evacuation of pus can be achieved by 

needle aspiration. When the joint is easily visible and palpable, such 
as with the knee joint, repeated needle aspiration is usually adequate 
to keep the joint decompressed. Aspiration should be done with a 
16G to 18G needle. Irrigation of the joint to ensure removal of as 
much cellular debris as possible is helpful.12 The hip joint presents 
special problems.12 The blood supply to the femoral head is intraar-
ticular; hence, any increase in pressure can deprive the femoral head 
of its circulation. Because hip joint effusions are not readily palpable, 
it is difficult to be certain that repeated aspirations decompress the 
joint. For this reason, most authorities believe that immediate surgi-
cal drainage of a septic hip is indicated, and some believe that the 
shoulder should be treated similarly. The possible exception is in 
gonococcal arthritis because of differential virulence of the rapidly 
treated joint infection.22 The hip joint can be drained anteriorly be-
tween muscle planes or posteriorly with a muscle-splitting incision. 
The capsule and synovium are opened and drains are inserted.

b. At times, the fibrin entering the joint as a transudate forms clots and 
isolates segments of the joint from decompression. Hypertrophy of 
synovium and adhesions may also affect the ability of the surgeon 
to decompress the joint adequately. Under these circumstances, it 
is advisable to debride the joint arthroscopically or with an open 
procedure. Joints most easily amenable to arthroscopic lavage are the 
knee, shoulder, and ankle.
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J. Chronic osteomyelitis presents a different problem from acute infection. 
Acute infection in the earliest phase is primarily a medical disease, with 
surgical techniques used as an adjunct. In chronic infection, the primary 
treatment is surgical removal of all dead and poorly vascularized tissue. 
If this removal is properly done under appropriate antibiotic therapy, it 
is possible to eradicate most sites of chronic osteomyelitis. The operation 
must be carefully planned because it often involves significant removal of 
bone and surrounding tissues. In the case of chronic joint infections, it may 
mean complete resection of the joint with the creation of a pseudarthrosis 
or an arthrodesis. Rotational muscle flaps or free-tissue transfer may be 
required to cover areas of viable but poorly covered bone. IV and oral anti-
biotics serve as valuable adjuncts. Patient quality of life can be profoundly 
impacted by chronic osteomyelitis23; treatment leading to resolution of the 
infection does improve this impact.

K. Gas gangrene
1. Gas gangrene can be a fatal process. Prevention can be achieved by thor-

ough debridement and removal of all devitalized tissue, delayed wound clo-
sure when in doubt, and antibiotic treatment as recommended previously.

2. Clostridium perfringens infections carry a 65% overall mortality rate, 
which increases to 75% in infants and elderly patients. The diagnosis 
should be suspected when the patient is pale, weak, perspiring, and more 
tachycardiac than the degree of fever warrants. The patient frequently 
complains of severe pain. Mental confusion and gas in the tissues are late 
signs, as are the characteristic mousy odor, jaundice, oliguria, and shock.

3. Other gas-producing species in addition to C. perfringens (10 isolated 
toxins) include E. coli, Enterobacter aerogenes, anaerobic streptococci, 
B. fragilis, and K. pneumoniae. Antitoxin does not appear to help much 
because it is neutralized as rapidly as it reaches muscle. Treatment con-
sists of debridement and high doses of antibiotics. Penicillin is usually 
the best for the C. perfringens group; it should be given in amounts of 
20 to 24 million units per day. Clindamycin or metronidazole are good 
alternative antibiotics in patients who are allergic to penicillin. Some 
clostridia are resistant to clindamycin, making it necessary to check 
sensitivities carefully. Hyperbaric oxygen is only an adjunct to surgery. 
Its use allows the surgeon to save more tissue than might otherwise be 
possible, and it does lower the mortality rate slightly.

Although exceedingly uncommon, group A streptococcal myonecro-
sis can have a similar course and results in death in a high percentage 
of cases. It must be treated with aggressive surgical debridement or 
amputation in addition to appropriate antibiotic therapy. Toxic shock 
syndrome has also been noted in orthopaedic patients and is caused by 
unique staphylococcal and streptococcal strains. Toxic shock syndrome 
is also a surgical condition, but it carries a more favorable prognosis. 
Necrotizing fasciitis can be caused by several bacterial types (most 
commonly group A streptococcus) and often requires debridement 
combined with appropriate antibiotic therapy. Infectious disease consul-
tation is indicated for each of these infectious conditions.
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 III. SUMMARY

A. Infections in the musculoskeletal system present special problems for treat-
ment with antibiotics alone. Cartilage is avascular, tendon and ligaments are 
relatively hypovascular, and bone is vulnerable to situations that render it 
avascular. Because antibiotics can be effective only if they are delivered to the 
site of infection, every effort must be made to preserve a normal blood supply 
and normal joint fluid dynamics. The essentials of treatment are as follows:
1. Prompt diagnosis, with identification of the bacteria through culture 

and with sensitivity for determining the appropriate antibiotic.
2. Rapid initial treatment with the most effective bactericidal antibiotic.
3. Constant evaluation to assess the need for surgical drainage of pus or 

removal of devitalized tissue.
4. Antibiotic therapy by a route that ensures adequate blood levels and 

administration until the signs of infection, as manifested usually by a 
decreasing ESR and/or CRP, resolve completely.

5. Judicious use of immobilization and traction to improve patient com-
fort and provide the best possible environment for primary healing.

6. Adequate soft-tissue coverage of underlying bone and joint infections.
B. The greatest benefit of antibiotics in musculoskeletal infection is in pre-

venting the mortality and morbidity that result from chronic osteomyelitis 
and joint destruction from pyarthrosis. Even chronic infection can be con-
trolled and a satisfactory functional result obtained in most patients by the 
use of surgery and appropriate antibiotics.
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 I. HISTORY. Document the onset of the symptoms: Did the joint pain begin 
days, weeks, or months ago? Morning stiffness is important to differentiate 
inflammatory forms of arthritis (rheumatoid arthritis [RA] and ankylosing 
spondylitis) from noninflammatory forms (degenerative joint disease). The 
character and duration of the pain are more important. Is the pain only associ-
ated with activity or is it present even at rest? Is only one joint involved or are 
multiple joints affected? Are they symmetrically involved? In the hands, the 
proximal finger joints are often involved with RA and the distal finger joints 
are more often involved in osteoarthritis1 (Table 5-1). A thorough history of 
medical problems and social issues and a current review of systems are essen-
tial. One must consider possible exposure to infectious diseases and current 
systemic symptoms of illness when differentiating the possibilities.

 II. EXAMINATION. Check for fever because the temperature may be elevated 
with septic arthritis. Muscle wasting occurs more often with RA. Tenderness 
about the joint and increased warmth is more indicative of inflammatory con-
ditions. The examination should determine the presence of an effusion (fluid 
in the joint). Severe guarding against joint motion associated with pain is usu-
ally indicative of a septic condition (Table 5-1).

 III. ROENTGENOGRAPHIC AND LABORATORY DATA

A. Roentgenographic findings. Look for evidence of periarticular soft-tissue 
swelling, joint effusion, osteopenia, joint space narrowing, periarticular ero-
sions, joint subluxation, and articular cartilage or bone destruction.1 All of 
these findings are evidence of inflammatory (rheumatoid or septic) arthritis. 
In contrast, marginal osteophytes, subchondral cysts, joint space narrowing, 
and subchondral sclerosis are associated with osteoarthritis (Table 5-2). In 
the lower extremity, weight-bearing radiographs show joint space narrow-
ing best, increasing the diagnostic value of the study.

B. Laboratory data (Table 5-3)
1. Synovial fluid analysis involves assessing the following:

a. Appearance (color)
b. Clot (presence or absence)
c. Viscosity
d. Glucose (compare with simultaneous serum glucose)
e. Cell count per cubic millimeter

6 7
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TABLE 5-1 History and Examination

History Rheumatoid 
Arthritis

Septic Arthritis Degenerative 
Joint Disease

Onset Weeks Day(s) Months
Morning stiffness + + — —
Pain duration Hours Constant Minutes
Pain with activity + + + + + ±
Number of joints 

involved
Multiple, 

symmetric
One (occasionally 

more)
Variable

Finger joint Proximal — Distal
Examination
Febrile ± + + 0
Muscle wasting + + 0 +
Synovial tenderness + + + ±
Increased warmth ± + + 0
Effusion + + + ±

Joint range of motion ↓ ↓ ↓ ↓ ↓

+ + +, extremely important symptom or sign; + +, very important symptom or sign; 
+, important symptom or sign; ±, symptom or sign might or might not be present; 0, 
symptom or sign is not present; +, decreased; + + +, markedly decreased.

TABLE 5-2 Roentgenographic Findings

Rheumatoid Arthritis Septic Arthritis Degenerative Joint 
Disease

Early
Periarticular soft-tissue 

swelling
Joint effusion Joint space 

narrowing
Periarticular osteoporosis — Marginal osteophytes

Late
Joint space narrowing Articular cartilage and 

bone destruction
Subchondral 

sclerosis
Periarticular erosions — Subcortical cysts
Articular cartilage and bone 

destruction
— Marginal osteophytes

Joint subluxation secondary 
to ligamentous involvement

— —
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f. Differential cell count
g. The type of crystals that might be present in the joint fluid aspirate 

as evaluated under a polarizing light microscope
h. Gram stain and synovial fluid culture: aerobic, fungal, acid fast 

bacillus
2. Helpful blood tests include a complete blood count, erythrocyte sedi-

mentation rate (ESR), C-reactive protein (CRP), uric acid, rheumatoid 
factor, and antinuclear antibody.

 IV. DIFFERENTIAL DIAGNOSIS OF ACUTE NONTRAUMATIC JOINT 
CONDITIONS (Table 5-4)1–3

A. Rheumatoid arthritis (Table 5-5)4

1. History reveals joint and tendon involvement that is more symmetric as 
the disease progresses. Females predominanate at 2.5 to 1.5

2. Examination shows synovial thickening, joint tenderness, subcutaneous 
nodules, weakness associated with muscle wasting, and, often, systemic 
disease.

3. Roentgenograms and laboratory data show that erosions are usually 
present, but rheumatoid factor is present in only 75% of patients. 
Roentgenograms are often normal in acute forms of RA except for signs 
of swelling or periarticular osteopenia. Joint fluid contains 2,000 to 
50,000 WBCs per mm, approximately 40% to 80% of which are poly-
morphonuclear leukocytes.

TABLE 5-3 Synovial Fluid Analysis

Finding Normal Rheumatoid 
Arthritis

Septic 
Arthritis

Degenerative 
Joint Disease

Appearance Clear Cloudy Turbid Clear
Clinical 

viscosity 
test

High (fluid remains 
intact when slowly 
pulled between 
thumb and index 
finger)

Watery (fluid 
breaks into 
droplets 
easily)

Very watery High

Glucose Within 60% or 
more of serum 
glucose

Low Very low Normal

Cell count/
mm3

200 2,000–50,000 Usually 
>50,000

2,000

Differential 
cell count

Monos 50/50 Polys Monos
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TABLE 5-4 Differential Diagnosis of Inflammatory Polyarthritis

A.  Rheumatoid arthritis

1.  Seropositive—female, symmetric joint and tendon involvement, synovial 
thickening, joint inflammation in phase, nodules, weakness, systemic 
reaction, erosions on radiogram, rheumatoid factor present, CH50 
level depressed in joint fluid that has 5,000–30,000 WBCs/mm3, 
approximately 50%–80% polymorphs

2.  Seronegative—either sex, symmetric joint and tendon involvement, 
joint inflammation in phase, little or no systemic reaction, usually 
no erosions radiographically, rheumatoid factor absent, C’H50 
not depressed in joint fluid that has 3,000–20,000 WBCs/mm3, 
approximately 20%–60% polymorphs

B.  Collagen-vascular

1.  SLE—female, symmetric joint distribution identical to RA, no erosions 
radiographically, noninflammatory joint fluid with good viscosity and 
mucin clot and 1,000–2,000 WBCs/mm3, mostly small lymphocytes, 
mucosal lesions, rash, systemic reaction, renal involvement, 
neurologic disorders, blood disorders (e.g., leucopenia), immunologic 
phenomenon (false positive serologic test for syphilis, anti-dsDNA 
antibody), antinuclear antibody (ANA), photosensitivity, serositis 
(pleurisy, pericarditis). Hochberg MC. Updating the American College 
of Rheumatology revised criteria for the classification of systemic lupus 
erythematosus. Arthritis Rheum. 1997;40(9):1725

2.  Scleroderma—tight skin, Raynaud phenomenon, resorption of digits, 
dysphagia, constipation, lung, heart, or kidney involvement, symmetric 
tendon contractures, little or no synovial thickening, radiographic 
calcinosis circumscripta, positive ANA with speckled or nucleolar 
pattern

3.  Polymyositis (dermatomyositis)—proximal muscle weakness, pelvic 
and pectoral girdles, tender muscles, skin changes, typical nail and 
knuckle pad erythema, symmetric joint involvement, electromyographic 
evidence of combined myopathic and denervation pattern, muscle 
biopsy abnormal, elevated creatine phosphokinase

4.  Mixed connective tissue disease—swollen hands, Raynaud 
phenomenon, tight skin, symmetric joint and tendon involvement, 
may be joint erosions radiographically, positive ANA speckled 
pattern, antiribonucleoprotein antibody increased, good response to 
corticosteroid therapy given in anti-inflammatory doses

5.  Polyarteritis nodosa—symmetric involvement, diverse clinical picture of 
systemic disease, histologic diagnosis

C.  Rheumatic fever

Young (2–40 y), sore throat, group A streptococci, migratory arthritis, 
rash, heart or pericardial involvement, elevated antistreptolysin O titers. 
Migratory joint inflammation responds dramatically to aspirin treatment
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TABLE 5-4 Differential Diagnosis of Inflammatory Polyarthritis (continued)

D.  Juvenile rheumatoid arthritis

Symmetric joint involvement, rash, fever, no rheumatoid factor, 
radiographic periostitis, erosions late, can recur in adult

E.  Psoriatic arthritis

Asymmetric boggy joint and tendon swelling, skin or nail lesions may 
not be prominent or may follow arthritis, DIP joints might be prominently 
involved, radiologic periostitis or erosions, no rheumatoid factor. CH50 
usually not depressed in inflammatory joint fluid with polymorph 
predominance

F.  Reiter’s syndrome

Male, urethritis, iritis, conjunctivitis, asymmetric joints, lower extremity, 
nonpainful mucous membrane ulcerative lesion, balanitis circinata, 
keratosis blennorrhagica, weight loss. CH50 increased in serum and in 
joint fluid with 5,000–30,000 leukocytes/mm3. Macrophages in joint fluid 
with 3–5 phagocytosed polymorphs (Reiter’s cell)

G.  Gonorrheal arthritis

Migratory arthritis or tenosynovitis fully settling in one or more joints or 
tendons, either sex, primary focus urethra, female genitourinary tract, 
rectum, or oropharynx, skin lesions, vesicles, gram-negative diplococci on 
smear but not on culture of vesicular fluid, positive culture at primary site, 
blood, or joint fluid

H.  Polymyalgia rheumatic

Elderly patient (>50 y), symmetric pelvic or pectoral girdle complaints 
without loss of strength, morning stiffness of long duration, fatigue 
prominent, weight loss, joints can be involved, especially shoulders, 
sternoclavicular joints, knees, sedimentation rate markedly elevated, 
fibrinogen always elevated, alpha 2 and gamma globulin elevation, 
anemia, response to low-dose (10–20 mg) prednisone, serum creatine 
phosphokinase normal, elevated alkaline phosphatase (liver)

I.  Crystal-induced

1.  Gout—symmetric arthritis, flexion contractures, prior history of acute 
attacks, tophi, joint inflammatio n out of phase, systemic corticosteroid 
treatment for RA, hyperuricemia, monosodium urate monohydrate 
crystals in joint fluid

2.  Pseudogout—symmetric arthritis, flexion contractures, 
metacarpophalangeal, wrist, elbow, shoulder, hips, knees, and ankles, 
prior acute attacks (sometimes), joint inflammation out of phase, 
calcium pyrophosphate dihydrate crystals in joint fluid

(continued)
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TABLE 5-4 Differential Diagnosis of Inflammatory Polyarthritis (continued)

J.  Other

Amyloid arthropathy, peripheral arthritis of inflammatory bowel disease, 
tuberculosis, subacute bacterial endocarditis, viral arthritis

Modified from McCarty DJ. Differential diagnosis of arthritis: analysis of signs and 
symptoms. In: Mc-Carty, DJ, ed. Arthritis and allied conditions, 10th ed. Philadelphia, 
PA: Lea & Febiger, 1985:51–52.

TABLE 5-5  2010 American College of Rheumatology/European League 
Against Rheumatism classification for RA4

For newly presenting patients:
1. Who have at least one joint with definite clinical synovitis (swelling)
2. With the synovitis not better explained by another disease

Criteria for definite RA is a score of >6/10 after adding  
categories A–D Score

A. Joint involvement
1 Large joint 0
2–10 Large joints 1
1–3 Small joints (with or without involvement of large joints) 2
4–10 Small joints (with or without involvement of large joints) 3
>10 Joints (at least 1 small joint) 5
B. Serology (at least 1 test is needed for classification)
Negative RF and negative ACPA 0
Low-positive RF or low-positive ACPA 2
High-positive RF or high-positive ACPA 3
C. Acute-phase reactants
Normal CRP and normal ESR 0
Abnormal CRP or abnormal ESR 1
D. Duration of symptoms
<6 weeks 0

≥6 weeks 1

ACPA, anti-citrullinated protein antibody.
Alehata D, Neogi T, Silman AJ, et al. 2010 Rheumatoid arthritis classification criteria: 
an American College of Rheumatology/European League Against Rheumatism 
collaborative initiative. Ann Rheum Dis. 2010;69:1580–1588, with permission.
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B. Osteoarthritis (nonerosive degenerative joint disease)
1. History reveals a middle-aged or elderly patient unless the condition 

follows trauma.
2. Examination reveals that angulatory deformities and osteophytes are 

frequently present in the later stages of disease.
3. Roentgenograms show narrowing of the cartilage space associated with 

marginal osteophytes. There is often subchondral bone sclerosis and 
occasionally subchondral cysts, which accompany these findings in the 
weight-bearing joints.

C. Crystal-induced arthritis (Table 5-6)
1. Gouty arthritis

a. The patient may report a history of similar attacks.
b. Examination can show redness and warmth over the affected joint, 

typically the first metatarsal-phalangeal joint. Later, symmetric ar-
thritis with contractures and tophi (subcutaneous crystal deposits) 
may develop.

c. Laboratory findings include hyperuricemia and synovial fluid contain-
ing monosodium urate monohydrate crystals. The crystals, which are 
seen by compensated polarized light microscopy (sometimes by ordinary 
light microscopy), are negatively birefringent, needle-shaped rods.

2. Pseudogout
a. History sometimes reveals previous acute attacks.
b. Examination discloses a symmetric arthritis with frequent contrac-

tures of the metacarpophalangeal, wrist, elbow, shoulder, hip, knee, 
and ankle joints. Roentgenograms may reveal the presence of calcium 
deposits in cartilage or, less often, in ligaments, meniscus, and joint 
capsules (chondrocalcinosis). The knee is the most common site. 
Chondrocalcinosis has been classically associated with pseudogout, but 
this condition is also seen with a high frequency in hyperparathyroidism, 
hemochromatosis, hemosiderosis, hypophosphatasia, hypomagnesemia, 
hypothyroidism, gout, neuropathic joints, and aging.5

c. Laboratory analysis of the synovial fluid reveals calcium pyro-
phosphate dihydrate crystals that are regularly shaped and weakly 
positively birefringent but have a different extinction angle compared 
with that of urate crystals.

D. Inflammatory polyarthritis other than RA (Table 5-4)
1. Systemic lupus erythematosus (SLE)

a. History most commonly reveals symmetric joint distribution iden-
tical to RA in a female patient. Hair loss and Raynaud symptoms 
(vasospasm of digital arteries) are common.

b. Examination may disclose rash (facial erythema), mucosal lesions, se-
rositis, renal (hypertension and hematuria or edema), and brain (altered 
mental status, focal neurologic deficits) involvement. Joint involvement 
of the hands and wrists are most common followed by the knee.

c. Laboratory evaluation commonly shows anemia (40%), leukopenia 
(20%), and thrombocytopenia (30%). A depressed serum C3 and C4 
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TABLE 5-6 Differential Diagnosis of Inflammatory Monoarthritis

A. Crystal-induced

1.  Gout—male, lower extremity, previous attack, nocturnal onset, 
precipitated by medical illness or surgery, response to colchicine, 
hyperuricemia, sodium urate crystals in joint fluid with polymorphs 
predominating, and WBCs 10,000–60,000/mm3

2.  Pseudogout—elderly, knee or other large joint, previous attack, precipitated 
by medical illness or surgery, flexion contractures, chondrocalcinosis on 
radiography, calcium pyrophosphate dihydrate crystals in joint fluid with 
polymorphs predominating, and WBCs 5,000–60,000/mm3

3.  Calcific tendonitis or equivalent—extraarticular, tendon or capsule 
of larger joints, previous attack same or other area, calcification on 
radiography, chalky or milky material aspirated from area, polymorphs 
with phagocytosed ovoid bodies microscopically

B. Palindromic rheumatism

Middle-aged or elderly male, very sudden onset, little systemic reaction, 
previous attacks, positive rheumatoid factors, little or no residual chronic 
joint inflammation, olecranon bursal enlargement

C. Infectious arthritis

1.  Septic—severe inflammation, primary septic focus, drug or alcohol abuse, 
joint fluid with polymorphs predominating, WBCs 50,000–300,000/mm3 
(pus), infectious agents identified on smear and culture, or bacterial 
antigens identified in joint fluid. Lyme disease must be considered in the 
differential where possible exposure to tick vector is possible

2.  Tubercular—primary focus, drug or alcohol abuse, marked joint swelling 
for long period, joint fluid with polymorphs predominating, acid-fast 
organisms on smear and culture

3. Fungal—similar to tuberculosis

4.  Viral—antecedent or concomitant systemic viral illness, joint fluid can 
be of inflammatory or noninflammatory type, either mononuclear or 
polymorphonuclear leukocytes may predominate

D. Other

1.  Tendonitis—as in A.3 but without radiologic calcification, antecedent 
trauma, including repetitive motion

2. Bursitis—as above, but inflamed area more diffuse, antecedent trauma

3.  JRA—one or both knees swollen in preteenager or teenager without 
systemic reaction, no erosions, mildly inflammatory joint fluid with some 
polymorphs, and no depression in synovial fluid CH50 levels

From McCarty DJ. Differential diagnosis of arthritis: analysis of symptoms. In: McCarty 
DJ, ed. Arthritis and Allied Conditions. 10th ed. Philadelphia, PA: Lea & Febiger; 
1985:50, with permission.
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and elevated antinuclear antibody (95% sensitive), anti-dsDNA an-
tibody (70% sensitive) and anti-Sm antibody (30% sensitive, highly 
specific) are found. Antiphospholipid antibodies present in 50% of 
lupus cases. Test should also be done to check kidney function.6 Joint 
fluid is noninflammatory with normal viscosity* and mucin,† and 
1,000 to 2,000 WBCs per mm, which are mostly lymphocytes.

2. Juvenile rheumatoid arthritis (JRA)
a. History shows symmetric joint involvement. The illness can recur 

in the adult. Short stature and limb length irregularity generally ac-
company the most severe forms because the physes are affected by 
the inflammatory process. Patients with systemic onset (10%) have 
intermittent fever of at least 3 days and a rash. Polyarticular onset 
(5 or more joints) comprises 40% of patients.7 There is a very high 
proportion of cervical spine involvement in the patients with JRA. 
The prevalence of JRA has been estimated to be between 57 and 113 
per 100,000 children younger than 16 years in the United States.7

b. Examination may reveal a rash and fever. Cardiac, renal, and ocular 
abnormalities may be present. Eye involvement occurs in 30% to 50% 
of early onset JRA patients7 with anterior uveitis in 20% of those with 
pauciarticular disease (1 to 4 joints involved in the first 6 months).7

c. Laboratory tests show roentgenographic periostitis with erosions later 
in the course of disease. Rheumatoid factor or FANA may be present. 
Other causes of arthritis in the child or adolescent must be excluded.

E. Septic arthritis
1. Bacterial

a. The history may indicate drug or alcohol abuse, systemic illness 
(e.g., diabetes, chronic renal failure, or poor nutrition).

b. Examination can reveal severe inflammation and often a primary 
septic focus. Severe splinting (autoprotection by muscle spasm) of 
the joint is present, and pain is associated with passive motion.

c. Laboratory tests show a purulent joint fluid with polymorpho-
nuclear leukocytes predominating (WBCs: 50,000 to 300,000 per 
mm3). The infectious agent may be identified on smear or culture. 
Synovial glucose is less than 60% of a concurrent serum glucose. The 
ESR and CRP are elevated. Serial blood cultures obtained before 
antibiotic therapy often grow in the infecting organism.

2. Tubercular and fungal
a. History may reveal a focus, chronic immunodeficiency (HIV or 

AIDS), drug or alcohol abuse, or poor nutrition.
b. Examination shows marked chronic joint swelling.
c. Laboratory tests reveal predominating polymorphonuclear leuko-

cytes with acid-fast organisms present on smear and culture.

*  The clinical viscosity test is considered normal or high if the fluid remains intact when 
slowly stretched between the examiner’s thumb and index finger.

†  A good mucin clot is one that occurs after a few drops of glacial acetic acid are 
added to a supernatant of centrifuged joint fluid and a dense, white precipitate forms.
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3. Viral
a. History often indicates antecedent or concomitant systemic viral illness.
b. Laboratory analysis of joint fluid can mimic inflammatory or 

noninflammatory conditions. Either mononuclear or polymorpho-
nuclear leukocytes can predominate.

F. Arthritis associated with infectious agents
1. Reiter syndrome

a. History often reveals a sexually active man (chlamydia is the most 
common organism identified) with urethritis and conjunctivitis 
accompanying the arthritis. Patients have an equivocal response to 
anti-inflammatory drugs.

b. Examination often reveals urethritis, iritis, conjunctivitis, and nonpain-
ful mucous membrane ulcerative lesions, with asymmetric arthritis of the 
joints in the lower extremities or back. Roentgenograms may show an 
asymmetric sacroiliitis as well as isolated involvement of the spine (“skip” 
areas). Heel pain can be a common associated feature of the presentation.

c. Laboratory data. The joint fluid has 5,000 to 30,000 leukocytes 
per mm with macrophages that contain three to five phagocytosed 
polymorphonuclear leukocytes (so-called Reiter cell). Measurement 
of HLA-B27 antigen is not very useful.

2. Rheumatic fever
a. History reveals a sore throat, fever, rash, and migratory joint pain 

that responds dramatically to aspirin treatment in younger individu-
als (that are beyond the ages of Reye syndrome).

b. Examination shows a rash as well as heart (murmur) or pericardial 
(friction rub) involvement.

c. Laboratory tests result in group A streptococci isolated on throat 
cultures and an elevated antistreptolysin O titer.

3. HIV infection. Migratory arthralgia and myalgia with accompanying mus-
cle weakness are features of this disease. Radiographic changes are nonspecific.

G. Inflammatory spondyloarthropathy (Table 5-7)
1. Ankylosing spondylitis

a. History usually reveals clinical sacroiliitis in a young adult or adoles-
cent male patient. A positive family history is often present. A good 
response to anti-inflammatory agents is common.

b. Examination reveals limitation of spinal motion, uveitis, and dimin-
ished chest expansion. A positive Patrick test indicative of sacroiliac 
involvement is typically present.

c. There is laboratory evidence of roentgenographic sacroiliitis and 
smooth, symmetric spinal ligamentous calcification, often with 
complete ankylosis (the “bamboo spine”) and no skip areas. The 
HLA-B27 antigen should be present.5

2. Psoriatic arthritis
a. Examination shows asymmetric boggy joint and tendon sheath 

swelling. Skin or nail (pitting) lesions are generally present. The dis-
tal interphalangeal (DIP) joints of the hand are frequently involved.
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TABLE 5-7 Differential Diagnosis of Inflammatory Spondyloarthropathy

A. Ankylosing spondylitis—male, symmetric sacroiliitis clinically and radio-
logically, limitation of spinal motion, uveitis, smooth symmetric spinal 
ligamentous calcification, ankylosis often complete, no skip areas, 
family history, HLA-B27 antigen often present, good response to anti-
inflammatory drugs

B. Reiter syndrome—male with urethritis, skin-eye-heel, asymmetric 
peripheral joint involvement, sacroiliitis often asymmetric and skip areas 
of involvement in spine, coarse asymmetric syndesmophytes in spine, 
ankylosis incomplete and asymmetric, HLA-B27 often positive, equivocal 
response to anti-inflammatory drugs

C. Psoriatic spondylitis—skin or peripheral joints involved, asymmetric 
sacroiliitis, skip areas, may be ankylosing, HLA-B27 often present

D. Inflammatory bowel disease—sacroiliitis, often symmetric, ankylosing, 
bowel disease may be silent, spinal inflammation, unlike peripheral 
arthritis, does not vary with and is not responsive to treatment directed at 
bowel inflammation, HLA-B27 often present

E. Other—infection (bacterial tuberculous, fungal), osteochondritis, multiple 
epiphysitis in young adult

From McCarty DJ. Differential diagnosis of arthritis: analysis of symptoms. In: McCarty 
DJ, ed. Arthritis and Allied Conditions. 10th ed. Philadelphia, PA: Lea & Febiger; 
1985:52, with permission.

b. Roentgenographic periostitis, cortical erosions, or both can be seen 
along with spinal asymmetric sacroiliitis and isolated vertebral anky-
losis (skip areas). The “pencil-in-cup” deformity is typically seen in 
the DIP joints of the hand. No rheumatoid factor is found. There is 
polymorphonuclear leukocytic predominance in the joint field.

3. Spondyloarthropathy secondary to inflammatory bowel disease
a. The history may not reveal bowel disease as a prominent feature; it 

can be subclinical.
b. Bowel disease is found on diagnostic evaluation.
c. Laboratory tests show roentgenographic evidence of sacroiliitis that 

is often symmetric and ankylosing.

 V. TREATMENT (Table 5-8)

A. Rheumatoid arthritis8

1. Nonsteroidal anti-inflammatory drugs (NSAIDs) vary in cost but 
none is clearly superior in efficacy. Some patients simply cannot toler-
ate the side effects of certain NSAIDs and may find that only certain 
others are efficacious. Physicians should educate their patients as to the 
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potential adverse effects of any medication. The treating physician may 
need to experiment with various anti-inflammatory medications before 
finding which preparation is the best suited for the individual patient.
a. Aspirin is inexpensive but more gastrointestinal (GI) side effect may 

be seen than in other NSAIDs. Enteric-coated preparations may 
limit the dyspepsia but do not alter the risk of GI bleeding. A usual 
dose of enteric coated aspirin is 975 mg QID. Tinnitus must be 
monitored in all patients receiving aspirin-containing compounds; it 
is an early sign of salicylate toxicity.

TABLE 5-8 Treatment

Rheumatoid Arthritis Septic Arthritis Degenerative Joint 
Disease

1. Drugs
 a. NSAIDs
 b. Methotrexate
 c. Hydroxychloroquine
 d. Sulfasalazine
 e. Steroids
 f. Biologic DMARDs

1.  Antibiotics. Cefazolin 
(Kefzol) or nafcillin 
(Nafcil or Unipen) 
with gentamicin 
(Garamycin) or 
tobramycin (Nebcin) 
until the culture and 
sensitivity results are 
obtained; then specific 
antibiotic therapy

1.  Anti-inflammatory 
agents

2.  Support by bracing 
and other means

3. Physical therapy
a. Heat
b. Exercises

2.   Prophylactic 
synovectomy. If done, 
usually should follow 
6 months of medical 
management. (Do 
not do if there is 
roentgenographic 
evidence of joint 
destruction manifested 
by a severe loss of 
cartilaginous space.)

2.  Surgery. Operative 
debridement and 
irrigation of the 
joint, followed by 
appropriate drainage

4. Injection treatments
a. Steroids
b.  Lubrication: 

hyaluronic acid 
compounds

3.  Joint debridement and 
synovectomy (for pain 
relief only)

5. Surgery
a. Debridement
b. Osteotomy
c.  Partial or 

complete joint 
replacement

d.  Occasionally, 
arthrodesis

4.  Partial or complete 
joint replacement

5. Arthrodesis



Chapter 5 • Acute Nontraumatic Joint Conditions  7 9

b. Other nonsteroidal, nonaspirin anti-inflammatory medications 
are more convenient, but more expensive. Patients who take these 
medications long term should have biannual laboratory work to 
look for adverse hepatic, renal, hematopoietic, and other reactions. 
Physicians prescribing these medications should know their cost. 
For example, a 30-day supply (60 tablets) of generic naproxen, 
500 mg, (prescription or over-the-counter) costs $4, whereas a 
30-day supply of an over-the-counter brand name form of the same 
drug (Naprosyn), costs the patient $76.80. The dosage of any anti-
inflammatory drug should be the lowest possible that is effective in 
relieving symptoms. There are several classes of these drugs, the latest 
being the COX-2 inhibitors, which have a decreased incidence of 
GI ulceration and are equally effective.9 NSAID therapy is sufficient 
only for mild arthritis.

2. Nonbiologic Disease Modifying Anti-Rheumatic Drugs (DMARDs) 
may be used alone but are commonly used in combination with other 
DMARDs without an increase in toxicity in many cases.
a. Methotrexate (MTX) is the first-line DMARD with results notice-

able as early as 1 month after starting. Common side effects include 
stomatitis anorexia, nausea, and cramps. Marrow suppression occurs 
at even small doses, and so blood counts must be checked regularly. 
Renal elimination requires creatinine clearance >30 mL per min.

b. Leflunomide (Arava) can be used in place of MTX or in patients 
who did not tolerate or respond to MTX.

c. Sulfasalazine. Effective but not well tolerated secondary to nausea, 
anorexia, and rash.

d. Hydroxychloroquine (Plaquenil) is used in mild RA often with 
other medications. It may take up to 6 months to achieve a result. 
Rare retinal toxicity can be avoided if and the drug stopped upon 
noticing visual disturbance or a question of eye toxicity, and if doses 
are kept under 6.5 mg/kg/day. Have an ophthalmologist follow the 
patient. Other effects are GI upset, skin rash, weight loss, peripheral 
neuritis, and convulsions.

e. Gold is often effective for treatment of rheumatoid and psoriatic 
arthritis; however, it is no longer considered to be first-line therapy. 
The injectable forms are by far the most effective. The most common 
toxic reactions to injectable gold are stomatitis, dermatitis, and pro-
teinuria. Less common side effects include leucopenia, thrombocyto-
penia, and rarely enterocolitis, pneumonitis and aplastic anemia.8

f. Azathioprine, a purine analog with immunosuppressive activity, 
has been shown to be effective in RA; it should be prescribed by 
rheumatologists.

3. Biologic DMARDs
a. TNF inhibitors etanercept (Enbrel), infliximab (Remicade), adalim-

umab (Humira), golimumab (Simponi), and certolizumab (Cimzia) 
bind TNF blocking its activity. They act more quickly and may be 
more effective at protecting joints from damage than the nonbiologic 
DMARDs. Rarely, there have been cases of serious infections, and 
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the cost (over $15,000 per year) must be considered. They have also 
been shown to be useful in combination therapy with MTX.8

b. Other biologic DMARDs are often used with MTX but not with 
a second biologic DMARDs. Rituximab (Rituxan) is an antibody 
against the B-cell surface antigen CD20. Abatacept (Orencia) is 
an engineered protein that blocks T-cell activation. Tocilizumab 
(Actemra) binds interleukin-6 receptors. Anakinra (kineret), an in-
terleukin-1 receptor antagonist, is perhaps the least effect biologic 
DMARD.8

4. Corticosteroids taken orally are frequently used in short courses and 
are used chronically in some patients. They are not considered to be 
DMARDs by most rheumatologists and have significant complications 
with extended use.
a. Usage
 i. Establish a specific diagnosis before treatment with steroids.
 ii. Adjust the dosage to the situation. For RA, start with 10 to 

20 mg to control symptoms, then taper over 2 to 4 weeks to the 
lowest tolerated dose (usually no more than 510 mg per day) 
and try not to exceed 10 mg per 24 hours. For SLE crisis, one 
might start with 60 mg in a 24-hour period.

 iii. Although more than 20 generic glucocorticosteroids are avail-
able, most rheumatologists have settled on prednisone as the 
standard.

 iv. Monitor serum electrolytes and glucose because steroids 
cause increased excretion of sodium and potassium and prompt 
poor blood glucose control in diabetics.

 v. Administer the steroid once each morning to minimize the 
effect on the pituitary-adrenal axis. If there is good control of 
the inflammatory process, use alternate-day therapy.

 vi. Obtain a baseline eye examination before starting long-term 
therapy. Steroids can cause cataracts and increased intraocular 
pressure.

 vii. Beware of suppressed reaction to infection as a complicating 
factor, especially if the patient’s general condition is deteriorat-
ing while he or she is taking steroids.

 viii. With long-term therapy, be sure to recognize and manage com-
plications of the systemic rheumatic disease as opposed to the 
iatrogenic complications of long-term steroid use, which are 
managed differently.

 ix. Patients should always carry information that they are on 
steroids.

 x. Supplemental increased doses are necessary when stress oc-
curs, even minor stress such as a tooth extraction.

b. Undesirable effects
 i. Steroid diabetes that is insulin-resistant, but without ketosis or 

acidosis.
 ii. Muscle wasting secondary to a negative nitrogen balance.
 iii. Buffalo hump and round face.
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 iv. Sodium retention that results in edema (especially important 
for patients with heart disease).

 v. Hirsutism and occasional alterations in menstrual function 
in women secondary to adrenal atrophy.

 vi. Peptic ulcer disease with possible perforation and abscess.
 vii. Suppressed wound healing.
 viii. Osteoporosis and avascular necrosis of the femoral or humeral 

head. Pathologic fractures are often associated. Calcium and vi-
tamin D supplementation are recommended. Secondary osteo-
porosis may be prevented by bisphosphonates or teraparatide.8

 ix. Lymphocytosis and occasionally a leukemoid reaction.
 x. Subcutaneous hemorrhages and acne.
 xi. Central nervous system changes such as psychosis, seizures, 

and insomnia at higher dose.
 xii. Immunosuppression with increased risk of infections, candida, 

herpes zoster, and so on.
5. Surgical treatment

a. Synovectomy, if done, should follow at least 6 months of nonopera-
tive management. This prophylactic procedure should not be per-
formed if roentgenographic evidence of joint destruction manifested 
by a severe loss of cartilaginous space exists.

b. There is still a place for joint debridement and synovectomy (open or 
arthroscopic) in patients with significant joint pain, but not enough 
joint destruction to justify surgical joint knee replacement. Arthroscopic 
synovectomy has been shown to be effective in various joints.

c. Joint replacement may be necessary. The most common joints 
replaced in the patient with inflammatory arthritis are knee and hip, 
followed by shoulder, metacarpophalangeal, elbow, wrist, and ankle.

d. Very rarely, arthrodesis is indicated, especially with ankle involvement.
e. Forefoot surgery is frequently required and most commonly consists 

of first metatarsophalangeal joint arthrodesis combined with lesser 
metatarsophalangeal joint resection with claw toe release.

B. Osteoarthritis
1. Medical treatment consists of acetaminophen or NSAID preparations. 

Due to safety concerns with NSAIDs, acetaminophen is considered the 
first-line agent.2 Glucosamine in double blind trials showed a beneficial 
trend for pain relief that failed to reach statistical significance.10 See 
V.A.1 for a more complete discussion.

2. Various braces are available to offer joint support (see also Chapter 7). 
Simple neoprene sleeves for the knee or elbow are useful. For unicom-
partmental knee arthritis, braces that “unload” the diseased compart-
ment may be effective.11

3. Physical therapy can be helpful, especially in providing exercises to 
maintain muscle tone. Deep heat treatments provide symptomatic re-
lief. The most effective therapy is patient-directed home therapy, which 
emphasizes maintaining strength and motion with low-impact exercise 
routines. Prolonged outpatient therapy is expensive and of limited value.
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4. Weight loss is extremely useful for overweight patients with osteoar-
thritis. This may seem obvious in the weight-bearing joints of the lower 
extremity due to excessive force on the joints. Still, it is often neglected. 
Additionally, there is increasing evidence that obesity is associated with 
an increase in osteoarthritis of the upper extremity, suggesting a systemic 
effect such as through inflammatory mediators.

5. Intraarticular steroid injections are helpful. The options available are 
listed in C.2.b. (pseudogout treatment). Injection of hyaluronic acid 
compounds (Euflexxa, Hyalgan, Orthovisc, Supartz, Synvisc) has been 
proven to be efficacious. This requires serial injections given 1 week apart 
over either 3 or 5 weeks, although single-dose injections are being tested. 
The therapy has the same effectiveness as oral anti-inflammatory therapy.

6. Various surgical procedures offer relief of joint pain and improved 
function. These include the following:
a. Debridement, generally arthroscopic.
b. Osteotomy for varus malalignment of the knee to move the weight-

bearing axis into the lateral, more normal compartment.
c. Partial or complete joint resurfacing or replacement.
d. Occasionally, joint arthrodesis. This is generally reserved for use in 

the previously septic joint.
e. Autologous chondrocyte transplantation is a technique that may be 

used selectively for the management of focal traumatic articular carti-
lage defects. It is not indicated for diffuse osteoarthritis of the knee.12

C. Crystal-induced arthritis
1. Gouty arthritis13

a. Acute attacks may be provoked by surgery or trauma or other sys-
temic illness. They generally respond to the following agents:

 i. Colchicine, one 0.5-mg tablet two to four times a day with a 
maximum dose per episode of 6 mg. IV colchicine has a 2% mor-
tality rate and should be avoided in elderly patients and patients 
with renal disease.

 ii. Anti-inflammatory drugs should be started quickly and tapered 
when symptoms resolve.

b. Prophylactic treatment with colchicine, 0.6 mg PO BID, between 
acute attacks for 3 to 6 months reduces flares. Consultation with a 
rheumatologist is advised.

c. A xanthine oxidase inhibitor such as allopurinol (Zyloprim) works 
by lowering the uric acid pool of the body. Hundred to 300 mg per 
day PO is common with a maximum dose of 900 mg. The physician 
should be aware of the serious and possibly fatal adverse reactions to 
allopurinol, including agranulocytosis, exfoliative dermatitis, acute 
vasculitis, and hepatotoxicity. These agents should not be initiated 
during an acute attack, rather after resolution.

d. Uricosuric agents: Probenecid and sulfinpyrazone. These agents 
increase the amount of uric acid excreted in the urine, so their use 
can be associated with uric acid renal calculi. As with allopurinol, the 
therapy should be initiated after resolution of the acute attack.
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 i. Probenecid (Benemid), 0.5 mg PO q.i.d up to 2 g per day.
 ii. Sulfinpyrazone (Anturane), 100 mg PO b.i.d up to q.i.d.

e. Recommendations for managing hyperuricemia.
 i. Confirm the elevated serum uric acid by repeating the test.
 ii. Determine whether the condition is secondary to drugs or blood 

dyscrasia. One should rule out renal disease with a serum creatinine 
and 24-hour serum uric acid excretion test. If uric acid excretion is 
greater than 1 g per 24 hours, consider treating the hyperuricemia 
with? If renal disease is present, allopurinol may be the drug of choice.

 iii. Discuss dietary recommendation to limit foods rich in purines, 
such as certain beef and fish.

 iv. Generally withhold therapy unless there has been one acute 
attack of gouty arthritis.

 v. Rule out hyperuricemia secondary to a lymphoproliferative or 
myeloproliferative disease.

 vi. Do not treat hyperuricemia secondary to thiazide diuretics.

2. Pseudogout
a. Differentiate pseudogout from acute gouty arthritis by joint fluid 

examination for specific crystals.
b. Consider aspirating the joint fluid or injecting insoluble steroids 

intraarticularly, using 0.1 mL for small joints and up to 1 to 2 mL 
for most large joints. The types of steroids useful for this application 
are as follows:

 i. Hydrocortisone acetate, 25 to 50 mg per mL
 ii. Prednisone tertiary butyl acetate, 20 mg per mL
 iii. Triamcinolone hexacetonide (Aristospan), 5 and 20 mg per mL
 iv. Betamethasone acetate and sodium phosphate (Celestone),  

6 mg per mL
 v. Methylprednisolone acetate (Depo-Medrol), 20 and 40 mg per mL

c. Colchicine may provide dramatic relief.
d. Many patients respond to anti-inflammatory agents.

D. Inflammatory polyarthritis (assuming no coexisting chlamydia infection)
1. SLE

a. Do not treat until the diagnosis is established.
b. Do not overtreat. Mild cases can be handled with reassurance, 

aspirin, indomethacin, or one of the many NSAID drugs that are 
available.

c. An occult infection sometimes is difficult to diagnose and differenti-
ate from an exacerbation of SLE. In these situations, be sure to rule 
out infections of the genitourinary tract, heart, and lungs.

d. Advise the patient to rest as necessary.
e. Avoid excessive exposure to the sun.
f. Antimalarial drugs (hydroxychloroquine 400 mg per day).
g. Prednisone, less than 10 mg per day PO, may be added to the regi-

men if the patient does not respond to the preceding measures.
h. Immunosuppressive agents are indicated as steroid-sparing agents 

for treatment for SLE.
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 i. The treatment of this disease is empirical and must be individual-
ized and monitored by the rheumatologist. There are no absolutes.

2. Juvenile rheumatoid arthritis1,7

a. NSAIDs are the mainstay of therapy; one-third of patients can be 
managed with these drugs alone.5 No NSAID has been proven more 
effective that any other.

b. Nonbiologic DMARDS may be used earlier in the disease under 
new recommendations under an emphasis on better control.

 i. MTX is effective in 70% to 80% of patients with JRA.
 ii. Leflunomide (Arava) is less effective that MTX with similar side 

effects.
 iii. Gold is used in its injectable form, but infrequently. See V.A.2 

for a discussion of gold therapy. Oral gold therapy is ineffective.
 iv. Antimalarial drugs such as hydroxychloroquine may lack a clear 

advantage over placebo.
 v. D-Penicillamine is not recommended for routine use in JRA.

c. Biologic DMARDs approved for use include etanercept, adalim-
umab, and abatacept. See V.A.3.a–b.

d. Corticosteroids are typically only given systemically while waiting 
for DMARDs to take effect. Steroid injections into troublesome 
joints for synovitis are often helpful, but try to avoid multiple injec-
tions into the same joint.

e. Physical and occupational therapy are helpful to maintain func-
tion, prevent contracture, and optimize motion and muscle strength. 
Therapeutic maneuvers should be performed twice daily at home. 
Night splints to prevent deformity are usually essential.

f. Orthopaedic surgery
 i. Synovectomy plays a limited role in the early treatment of JRA.
 ii. Reconstructive surgery (e.g., soft-tissue releases, osteotomies, 

and total joint replacement) can be indicated.
g. Ophthalmologic evaluation is necessary for early diagnostic treat-

ment of any iridocyclitis.
h. Amyloidosis is seen in 5% of patients and can be fatal if kidneys fail.
i. Do not forget the whole child, the effects of this disease on other 

organ systems, and the child’s mental health.
E. Septic arthritis

1. Antibiotics (see Chapter  4, Table  4-2). Proper cultures must be ob-
tained before initiating antibiotic therapy. These are obtained either as 
an aspirate or intraoperatively.

2. Drainage of the joint is usually necessary.
a. Needle aspiration and irrigation are sometimes sufficient if the joint 

can be easily inspected for an effusion. The joint may need decompres-
sion more than once daily. The hip joint always requires open drain-
age. A knee joint infection can be handled by needle decompression if 
the exudate is not loculated and if aspiration clearly decompresses the 
joint. If marked improvement is not noted within 48 hours, the open 
(or arthroscopic) irrigation and debridement should be performed.
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b. Operative irrigation and drainage of the joint are often necessary 
with or without debridement. Postoperatively, wounds are usually 
closed over drains and judicious immobilization is used. Arthroscopic 
lavage is commonly used for knee and shoulder joint involvement.

F. Arthritis associated with infectious agents
1. Reiter syndrome treatment is symptomatic. The prognosis is guarded 

because chronic arthritis develops in many people. Sulfasalazine, MTX 
may be considered for chronic moderate-to-severe disease.

2. Rheumatic fever
a. Penicillin is indicated for the initial treatment as well as continued 

prophylaxis. See Chapter 3 for the appropriate parenteral dose.
b. Aspirin is used for mild arthritis.
c. Prednisone has been used for patients with carditis but it may not 

prevent heart damage.14

d. Diuretics and digitalis are often needed.
e. Rest is recommended according to the degree of cardiac involvement.
f. Throat culture family contacts.

G. Inflammatory spondyloarthropathy
1. Ankylosing spondylitis

a. The most important part of the initial therapy is an educational ef-
fort by the physician or physical therapist that should cover proper sleep-
ing position, gait, posture, breathing exercises, and “measuring up” every 
morning (i.e., straightening the spine every day to reach a mark placed 
on the wall to help prevent kyphosis or at least identify its development).

b. NSAIDs are the drugs of choice for milder cases. As with treatment 
for osteoarthritis, trial and error to identify the optimum drug is the 
rule. After relief is obtained, decrease the dose to the lowest possible 
effective dose.

c. Ophthalmologic evaluation is indicated because anterior uveitis 
occurs in 10% to 60% of patients.

d. Sulfasalazine or MTX may be useful in aggressive cases.
e. Radiation therapy has been abandoned because of late malignancy 

reports.
2. Psoriatic arthritis. Immunosuppressive drugs, such as MTX, are useful 

when administered in doses of 7.5 to 25.0 mg PO or IM once weekly.5
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 I. THE LIMPING CHILD. The limping child is frequently referred to a primary 

physician’s office or to an urgent/emergency care center. There is a long list 
of possible causes to be considered. Important components of the evaluation 
include a thorough history and a careful physical examination.1

A. History of present illness. Acuteness of onset of symptoms, pain, history 
of trauma or injury, constitutional symptoms such as fever, malaise, chills; 
ability to bear weight on affected leg and early morning stiffness.

B. Past medical history. This should include birth history and major motor 
milestone development history as well as any previous surgeries, injuries, or 
other major medical conditions.

C. Review of systems: Recent illnesses (upper respiratory tract illnesses 
[URTI; viral or streptococcal], gastrointestinal illness, etc.), rashes, joint 
swelling. Also, recent exposures such as camping or travelling to wooded 
areas as well as a history of tick-bites.

D. Family history. Family history of childhood lower extremity conditions 
such as developmental dysplasia of the hip (DDH).

E. Physical examination. The child should be undressed to an appropriate 
state. Older children and teenagers should be provided with a gown or 
shorts. Toddlers and small children can be examined in their diaper or 
underwear. The physical examination should be tailored to each patient 
depending on the symptoms at presentation. The physical examination of 
a child with a recent or sudden onset of a painful limp or refusal to walk in 
the emergency department will be very different from an examination of a 
child with a chronic, painless limp in the outpatient clinic.
1. Observation. An antalgic gait is characterized by a decreased stance 

period on the affected limb as well as a trunk shift over the affected limb 
during stance.

2. Evaluation for limb length difference: Palpate the anterior superior iliac 
spine (ASIS) with the patient standing. Then, with the patient supine, 
compare lengths of the lower extremities with the legs extended. Also, 
compare lengths of the femurs by flexing the hips and comparing the 
relative heights of the knees (Galeazzi sign).

3. Physical examination should also include the back, sacroiliac joints, and 
abdomen as well as the entire extremity involved.

PEDIATRIC 
ORTHOPAEDIC 
CONDITIONS
Kevin R. Walker
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4. Palpate the entire length of the limb.

5. Evaluate the range of motion (ROM) of the hip, knee, and ankle joints. 
Particular attention should be paid to any erythema, warmth, joint 
 effusion, or focal tenderness.

6. A thorough neurologic examination should also be completed including 
motor strength, sensation, and reflexes.

F. The differential diagnosis for a limping child encompasses a broad range 
of conditions and depends on many factors including age, symptoms, sever-
ity, acuteness of onset, and clinical findings on physical examination.1,2

1. 0 to 5 years old
a. Septic arthritis
b. Osteomyelitis
c. Transient hip synovitis
d. DDH
e. Legg–Calvé–Perthes disease/osteochondroses-related conditions
f. Toddler’s fracture (nondisplaced tibia fracture)
g. “Nonaccidental injury” (child abuse)
h. Neurologic disorders (cerebral palsy, Duchenne muscular dystrophy)
i. Tumor (neuroblastoma, acute lymphocytic leukemia [ALL], benign 

tumors)
j. Discitis
k. Juvenile rheumatoid arthritis (JRA)
l. Congenital limb deficiency (femur, fibula, tibia)

2. 5 to 10 years old
a. Septic arthritis
b. Osteomyelitis
c. Transient synovitis
d. Osteochondroses conditions such as Perthes, Kohler, and Osgood–

Schlatter disease
e. Limb length difference
f. Tumor (ALL, Ewing sarcoma, benign bone tumors)
g. Neurologic disorders
h. Discitis
i. JRA
j. Discoid meniscus

3. 10 to 15 years old
a. Osteomyelitis
b. Slipped capital femoral epiphysis (SCFE)
c. Osteochondroses conditions such as Perthes and Sever disease
d. Hip dysplasia
e. Patellofemoral pain syndrome
f. Tumor (osteosarcoma, Ewing sarcoma, benign bone tumors)
g. Osteochondritis disseccans (OCD)
h. Idiopathic chondrolysis

G. Radiographic evaluation. This should start with an anteroposterior (AP) 
and lateral plain radiograph (X-ray) of the area or body part suspected as a 
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source of the patient’s pain. If the hip is the area of concern, an AP pelvis 
and “frogleg” lateral of the pelvis should be obtained. Referred pain de-
scribes pain attributed to one site or location by the patient when the source 
of the pain is at a different source (e.g., knee pain in a patient with an SCFE 
involving the hip joint). Referred pain is frequently seen with some child-
hood conditions.

H. Additional imaging studies
1. Magnetic resonance imaging (MRI). The MRI is very sensitive and 

specific for areas of abnormal signal in soft tissues as well as within 
the bone itself. It is able to identify areas of bone marrow edema, soft-
tissue edema, or fluid collections such as abscesses or joint effusions. In 
younger children, MRI will require the help of the anesthesia team for 
sedation or a general anesthetic.

2. Ultrasound (U/S). U/S is useful to look for hip joint effusions, subperi-
osteal abscesses, or soft-tissue abscesses. It may also help guide aspiration 
of hip joint or soft-tissue abscess.

3. Three-phase bone scan. It may be useful when the source of pain is not 
easily localizable. It is sensitive but not specific.

Caution: If septic arthritis is suspected, a joint aspiration should be performed 
without wasting time waiting for the availability of other additional imaging 
studies.
I. Laboratory studies. For a patient with no history of trauma and/or who 

presents with fever, lethargy, or refusal to bear weight, the following lab 
studies be ordered:
a. Complete blood count (CBC) with differential
b. Erythrocyte sedimentation rate (ESR)
c. C-reactive protein (CRP).
d. If rheumatologic conditions or spondyloarthropathies are being consid-

ered, include rheumatoid factor, antinuclear antibody, antistreptolysin 
titer, and HLA B-27.

e. In endemic areas for Lyme disease and for patients with a large joint 
effusion, also include a Lyme titer.

 II. THE CHILD WHO REFUSES TO WALK/BEAR WEIGHT

A. History
1. Fever, lethargy, malaise, flu-like symptoms
2. Pain: location, severity, frequency
3. Trauma/injury
4. Onset (sudden, gradual, etc.)
5. Ability to bear weight on affected extremity

B. Physical evaluation
1. Observe posture of patient/posture of limb
2. Inspect for swelling, redness, deformity
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3. Palpate entire length of extremity, abdomen, spine for sites of pain, 
mass, warmth

4. ROM active/passive, hip, knee, ankle joints
C. Radiograph. Obtain AP and lateral radiographs of the area identified as the 

location of the patient’s pain on physical examination.
D. Laboratory examination. EXTREMELY IMPORTANT:

1. CBC with differential (may be normal)
2. CRP (most sensitive)
3. ESR
4. Blood culture (particularly for patient with fever/sepsis)

E. Differential Diagnosis. When evaluating a patient with a fever, signifi-
cant pain with attempted ROM and/or refusal to bear any weight or to 
walk, the primary physician should immediately notify the orthopaedic 
surgeon with whom they wish to consult. As soon as the laboratory studies 
and X-rays are available, the appropriate disposition of the child can be 
determined.
1. Septic arthritis. This is a bacterial infection of a joint. It frequently 

affects the hip joint in toddlers and young children. It may also affect 
other joints of the lower extremity (knee, ankle, subtalar joint) or of the 
upper extremity (shoulder, elbow, wrist).
a. Febrile (>38.5 °C)
b. Elevated lab tests, especially CRP and ESR
c. Refuses to bear weight
d. Treatment: refer for evaluation and aspiration of joint (see VIII.B for 

additional information.)
2. Transient/toxic synovitis is a post-viral inflammatory condition most 

often affecting the hip in school-age children.
a. Afebrile
b. Lab results normal
c. Severity of joint pain may vary but child will often bear weight
d. Treatment: rest, NSAIDs, reevaluate (see VIII.C for additional 

information)
3. Osteomyelitis. This is a bacterial infection of the bone.

a. Febrile
b. Lab results elevated (especially CRP and ESR)
c. Pain with weight bearing
d. If unable to confirm diagnosis or localize, consider MRI
e. Treatment: Aspirate site for cultures and admit for IV antibiotics (see 

VIII.A for more information)
4. Fracture or other injury. If patient is too young to provide history, 

consider possible fracture or other significant injury.
a. History: Patient fell or found lying on floor if the injury was 

unwitnessed.
b. Physical examination: Inspect lower extremity for area of swelling, 

deformity or bruises. Palpate to locate area of tenderness.
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c. Radiograph: Look for fracture or physeal separation. Children’s 
 X-rays can be difficult to interpret because of the presence of growth 
plates (physes). If necessary, consider comparison X-rays of opposite 
limb.

d. Treatment: Splint injured limb and consult orthopaedic surgeon. 
Many pediatric fractures are difficult to see on initial radiographs. If 
fracture or injury is suspected, splint extremity until definitive diag-
nosis is made, which may require follow-up X-rays in 10 to 14 days.

5. SCFE (stable/chronic vs. unstable/acute) (see VII.C below)
a. Symptoms: Adolescent patient, often an overweight or obese male. 

Girls may often be thin. Patient with an unstable or acute SCFE has 
sudden onset of severe hip pain and inability to walk or bear weight 
on the affected limb. (For stable SCFE, the patient may complain of 
hip, thigh or knee pain but will be able to bear weight.)

b. Physical examination: In patients with an unstable SCFE, patient lies 
with hip flexed and externally rotated and has severe pain with any 
attempted ROM. In patients with a stable SCFE, patient has limited 
hip internal rotation and mild-to-moderate pain.

c. X-ray: Obtain AP pelvis X-ray and cross-table lateral X-ray of affected 
hip. Femoral epiphysis is displaced relative to femoral neck.

d. Treatment: Immediate referral to orthopaedic surgery for emergent 
surgical stabilization.

 III. LOWER EXTREMITY ALIGNMENT CONDITIONS

A. Intoeing
1. Definition. The feet turn in relative to the line of forward progression 

during walking. Intoeing is a frequent cause for parental concern. An 
important part of the evaluation should be listening to the concerns 
expressed by the parents and answering their questions.

B. Physical examination. The patient should be undressed adequately to 
visualize the lower extremities.
1. Observation: Observe child walk in hallway. Note the position of feet 

relative to line of forward progression (Fig. 6-1).
2. Examination: Evaluate rotational profile. Examiner should position pa-

tient prone (on their stomach) on examination table.
a. Hip internal (medial) and external (lateral) rotation (see Fig. 6-1D). 

With patient prone and knees flexed to 90°, rotate hip internally 
and externally until you can feel the position of rotation at which 
the greater trochanter of the femur is most prominent. Estimate the 
angle between the tibia and a vertical position in order to estimate 
femoral neck anteversion.

b. Estimate thigh-foot axis and bimalleolar axis in order to assess tibial 
torsion.
Thigh-foot axis (see Fig. 6-1C): Angle formed by line down the 

middle of the foot relative to line down the length of thigh.
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Figure 6-1. Rotational profile. A: Observation of foot-progression angle. B: Examination of 
child in prone position to evaluate torsional deformity of the lower extremities. C: Thigh-foot 
angle. D: Hip internal (medial) rotation and external (lateral) rotation. E: Forefoot (metatarsus) 
adductus.
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Bimalleolar axis: Angle formed by a line passing through the center 
of lateral malleolus and medial malleolus relative to line perpendicular 
to the long axis of thigh.
c. Examine the plantar surface of the foot with the patient still in the 

prone position. Metatarsus adductus is defined as a curvature of the 
lateral border of the foot (see Fig. 6-1E).

C. Causes
1. Increased femoral anteversion: Rotational twist in femur turns leg in 

while walking.
2. Internal tibial torsion: Twist in tibia turns lower leg inward.
3. Metatarsus adductus: Curvature of foot turns toes/forefoot inward.

D. Discussion. For most children, treatment of these conditions consists of 
education of the parents, reassurance, and observation. Intoeing is fre-
quently seen in young patients and is a normal part of skeletal development 
for many children. The most frequent causes are increased femoral ante-
version, internal tibial torsion, or metatarsus adductus. Normal femoral 
anteversion in the newborn is 40° to 45°. For most children, this gradu-
ally remodels with growth over time and will have improved by the age of 
6 to 8. At skeletal maturity, normal femoral anteversion is approximately 
10° to 15°. Increased femoral anteversion is femoral anteversion that 
persists longer than usual and is frequently associated with increased liga-
mentous laxity. Children with developmental delays or abnormal motor 
developmental conditions such as cerebral palsy will also frequently exhibit 
increased femoral anteversion. There are no forms of bracing, shoe-wear, 
or physical therapy that will help correct femoral anteversion. For most 
patients, it does not cause functional nor painful conditions later in life and 
should simply be observed.3

E. Internal tibial torsion is frequently seen as a cause of intoeing in infants 
and toddlers and also gradually corrects with time. It will correct more 
quickly than femoral anteversion and usually has improved by the age of 
2 to 3.

F. Metatarsus adductus refers to a curvature of the lateral border of the 
foot. This is a frequent finding in newborn children and is often flexible. 
Simple massage and stretching can be performed by the parents for the first 
6 months of life. If no improvement is seen, one may then consider a course 
of treatment with reverse-last shoes or bracing. If the foot does not appear 
flexible, a course of serial casting may be considered.

 IV. LOWER EXTREMITY ALIGNMENT—“BOWED LEGS” OR “KNOCK 
KNEES”

A. Terminology
1. Genu varum (bowed legs) genu-knee, varum/varus: The distal segment 

of the lower leg is aligned toward or close to the midline.
2. Genu valgum (knock knees) genu-knee, valgum/valgus: The distal seg-

ment is aligned away from the midline.
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B. Physical examination. The child should be undressed appropriately so 
that both lower extremities can be evaluated. The child should be assessed 
standing as well as supine and prone on the examination table. (Note that 
increased hip internal rotation associated with increased femoral antever-
sion can sometimes appear clinically as increased genu valgum. Therefore, 
the hip rotation profile should also be evaluated. See above.) The amount 
of angulation at the knee can be assessed in two ways.
1. Femoral-tibial angle: Angle between thigh and lower leg.
2. One can also measure and record the distance between bony landmarks.

a. Intercondylar distance (genu varum): The distance between the 
medial femoral condyles of the knees.

b. Intermalleolar distance (genu valgum): The distance between the 
medial malleoli of the ankles.

C. Radiographic evaluation. For either genu varum or genu valgum, standing 
AP hip to ankle radiographs of both lower extremities should be obtained. 
The mechanical axis as well as the anatomic axis of the lower extrem-
ity is measured. In young children with genu varum, the metaphyseal– 
diaphyseal angle is measured.4

D. Causes

1. “Physiologic”: Part of the normal development. Most children who are 
referred for evaluation have a physiologic form of bowing. Children 
undergo an evolution of their lower extremity alignment during the first 
6 years of life.
a. Birth to age 2: Genu varum.
b. Age 2 to 4: Genu valgum.
c. Age 4 to 6: Continued gradual correction into relatively “mature” 

alignment of mild genu valgum anatomically.5

For children who do not fit this pattern, are older (e.g., adolescent age), 
do not show resolution over time or appear to have asymmetric alignment 
of their lower extremities, other possible causes should be explored.

2. Tibia vara is an abnormal varus alignment of the knee because of altered 
growth of the medial portion of the proximal tibial physis. The infantile 
form (Blount disease) is associated with children between ages 1 and 4. 
Adolescent tibia vara is associated with partial closure of the growth 
plate in children of ages 6 to 13. Late-onset tibia vara is seen between 
ages 6 and 15 and is frequently associated with obesity.6

3. Other causes
a. Focal fibrocartilaginous dysplasia: A focal cartilaginous deformity 

of the distal femur or proximal tibia in young children leading to 
bowing.

b. Coxa vara: A congenital varus deformity of the proximal femur.
c. One of the various forms of skeletal dysplasias. To help evaluate 

this, obtain additional radiographs of the hands, shoulders, and spine.
d. One of the forms of Rickets (e.g., familial hypophosphatemic rick-

ets). To evaluate this further, consider obtaining laboratory studies 
including vitamin D; parathyroid hormone; alkaline phosphatase; 
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calcium, magnesium, and phosphorus levels. Also consider obtaining 
an endocrinology consultation.

E. Treatment
1. For physiologic conditions, treatment usually consists of observation. 

Inform the patient’s parents of the expected course and communicate 
the findings and recommendations to the patient’s primary physician. 
Continued observation can be performed during routine well-child 
checks. If the child’s alignment varies from what is expected, the child 
can return for reevaluation.

2. Children with conditions that do not fit the typical “physiologic” pat-
tern should be referred for further evaluation. Further treatment consists 
of establishing the underlying cause as well as developing an appropriate 
treatment plan. After the diagnosis has been determined, treatment may 
consist of the following:
a. Observation
b. Hemiepiphyseal growth modulation (guided growth)
c. Hemiepiphysiodesis
d. Tibial and/or femoral osteotomy

These should be performed by physicians who are experienced in 
planning and performing the appropriate procedures and who are able 
to provide appropriate follow-up care.

 V. COMMON CHILDHOOD FOOT CONDITIONS

A. Clubfoot (talipes equinovarus)
1. Description. A congenital deformity of the foot comprised of ankle 

equinus, hindfoot varus, midfoot cavus, and forefoot adduction and 
supination. The foot “turns in” and “curves under” compared with the 
normal appearance.

2. Incidence. Approximately 1 in 1,000 live births, unilateral in 60% of 
patients, and the ratio of boys to girls is 2:1. There may be a positive 
family history.

3. Etiology. Multiple theories exist with the most likely cause being mul-
tifactorial. Theories include arrested fetal development, abnormal in-
trauterine forces, abnormal muscle fiber type, abnormal neuromuscular 
function, and germ plasm defects.

4. Prenatal considerations. The diagnosis of clubfeet for the unborn child is 
often made on a prenatal U/S. If consulted by an expectant mother or pri-
mary physician, reassurances should be made that the diagnosis of clubfoot/
clubfeet is a very treatable condition. Other prenatal factors associated with 
clubfeet include breech position, large birth weight, and oligohydramnios.

5. Associated conditions include arthrogryposis, myelodysplasia, congeni-
tal limb anomalies, and various syndromes.

6. Physical examination. A careful evaluation should include the child’s 
upper extremities, back, spine, and hips in order to look for other 



9 6   M A N U A L  O F  O R T H O P A E D I C S

associated conditions. Examination of the feet should include evaluation 
of the ankle dorsiflexion, the hindfoot position, curvature of the lateral 
border of the foot, and the forefoot position as well as an assessment of 
the overall flexibility of the foot. Deep posterior and medial creases are 
frequently present.

7. Radiographic evaluation. Radiographs in the newborn period are not 
useful because the tarsal bones are not well ossified. As treatment for 
patients with clubfeet has shifted to largely nonoperative methods, the 
role or need for radiographs has decreased. When an X-ray is deemed 
necessary, an AP and a lateral radiograph of the foot in maximum 
dorsiflexion are ordered for infants and children younger than 1 year.  
In children of walking age, a standing AP and lateral radiograph of the 
foot are requested.

8. Treatment. The goals of treatment are to achieve a plantigrade, flex-
ible, painless foot. The later half of the 20th century saw the emergence 
and rise in popularity of the surgical treatment of clubfoot. However, 
long-term results of surgical treatment have revealed high rates of foot 
pain and stiffness.7 Nonoperative treatment using the casting method 
developed by Ponseti has now gained wide acceptance and is currently 
the method of choice for most centers around the world.8 A nonopera-
tive method of taping and physiotherapy popularized in France has also 
been embraced in some centers.9 Surgical treatment is reserved for those 
patients whose feet do not respond to nonoperative treatment.

B. Congenital vertical talus (CVT)
1. Definition: A congenital condition in which the foot has a rigid flatfoot 

appearance due to an irreducible dorsal dislocation of the navicular on 
the talus. Often referred to as a “rocker bottom” foot deformity.

2. Incidence: Much less common than clubfoot; the incidence is approxi-
mately 1 per 10,000 live births.

3. Associated conditions: Approximately 50% of cases of CVT are associ-
ated with underlying disorders such as arthrogryposis, myelomeningo-
cele, tethered spinal cord, or chromosomal abnormalities.

4. Physical examination: When evaluating the child’s feet, assess the flex-
ibility of the ankle and hindfoot as well as the posture of the midfoot 
and forefoot. Also remember to examine the child for other associated 
conditions involving their upper extremities, the spine, the hips, and 
their neurologic function.

5. Radiographic evaluation: In contrast to children with clubfeet, for 
young children with suspected CVT, radiographs may be helpful in 
confirming the diagnosis. An AP and lateral X-ray of the foot in maxi-
mum plantarflexion should be obtained. For children with a CVT, the 
talus will remain plantarflexed on the lateral X-ray and will not align 
with the forefoot. The term oblique talus is sometimes used to describe 
the child with a flat or rounded appearing foot at birth but for whom 
the talus does line up with the first metatarsal or forefoot on the lateral 
plantarflexion X-ray. In patients with a calcaneovalgus foot at birth, the 
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foot appears very dorsiflexed at birth and may have a rounded appear-
ance but it has excellent flexibility of the ankle as well as of the midfoot 
and hindfoot.

6. Treatment: For patients with a confirmed CVT, treatment has con-
sisted of surgical correction either with a single-incision technique or 
with a two-incision technique. However, for patients with idiopathic 
CVT, there is now emerging a treatment method based on initial non-
operative, casting techniques with limited surgical treatment. This is 
showing promising results with the early studies available.10,11

C. Flat feet (pes planus)
1. Definition. Feet in which the medial longitudinal arch is absent result-

ing in hindfoot valgus and forefoot supination.
2. Presentation

a. Parental concerns regarding the appearance and shape of the foot
b. Pain
c. Difficulties with shoe wear

3. Patient history. It is important to note when the foot position was 
first noticed, whether the foot condition causes problems with function 
or pain, and any family history of ligamentous laxity/hypermobility or 
flatfeet.

4. Physical examination
a. Observe the foot while the patient stands and walks. Note presence 

or absence of medial longitudinal arch.
b. Inspect the foot for calluses and pressure areas over bony prominences.
c. When the patient is standing, have him or her stand on tiptoe to 

assess mobility of the hindfoot. If the hindfoot moves from valgus 
when plantigrade to varus with standing on tiptoe and the foot forms 
an arch when on tiptoe, the foot is “flexible.” If it does not correct, 
it is considered “rigid.”

d. Assess the length of the Achilles tendon by examining the range of 
ankle dorsiflexion.

5. Radiographic examination. For young children with a painless, flex-
ible flat foot, no radiographs are indicated. If the flat foot is painful or 
rigid, standing AP, lateral, and oblique radiographs of the foot should 
be obtained.

6. Flexible flat feet. The flexible flat foot is a relatively common condi-
tion, although the true incidence is unknown. Most young children 
start with a flexible flat foot before developing a medial longitudinal 
arch during the first decade of life. Most children are symptom free, 
and no treatment is warranted. For the older child or adolescent with a 
flexible flat foot who experiences aching or discomfort associated with 
particular activities, one may wish to use an orthotic to support the arch. 
If the foot is flexible but there is a contracture of the Achilles tendon, 
one should prescribe a course of physical therapy for a heelcord stretch-
ing program. If the patient with an Achilles tendon contracture remains 
symptomatic despite physical therapy, one may consider injection of 
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Botox into the calf muscle, possibly in conjunction with a stretching 
cast. For patients who fail conservative therapy, some authors support 
surgical correction of the hindfoot valgus deformity in conjunction with 
lengthening the tight gastrocnemius.12 This is rarely necessary in the 
growing child with a flexible flat foot deformity.

7. Rigid flat feet. The most common cause for a rigid flat foot is a tarsal 
coalition. This is an incomplete separation of the tarsal bones during 
fetal development. The two most common types are the calcaneona-
vicular and the talocalcaneal coalition. The calcaneonavicular coali-
tion may be best seen on the oblique foot radiograph. The talocalcaneal 
coalition is difficult to see with plain radiographs. If further radiographic 
imaging is required when plain radiographs are nondiagnostic, a com-
puted tomography (CT) scan of both feet is the study of choice.

8. If tarsal coalition has been excluded as the cause for the rigid flat foot, 
other possible causes include the following:
a. CVT
b. JRA or other sources of inflammation/irritability involving the sub-

talar joint
c. Neuromuscular conditions

9. Treatment of the rigid flat foot. The goal of treatment is to achieve a 
pain-free, asymptomatic foot. Approximately 75% of patients with tarsal 
coalitions are asymptomatic. Frequently, the onset of pain coincides with 
the transition during childhood of the coalition from a fibrous or carti-
laginous (i.e., flexible) structure to a bony bar. For the calcaneonavicular 
bar, this occurs around ages 8 to 12; for the talocalcaneal bar, this usually 
occurs between ages 12 and 16. Nonoperative treatment consists of ap-
plying a short-leg walking cast for 6 weeks followed by use of a molded 
orthotic. This results in a resolution of the patient’s symptoms in a large 
number of patients. For patients who do not respond to casting treat-
ment or for whom the symptoms recur, surgery is indicated. For patients 
with a calcaneonavicular coalition, operative treatment usually consists 
of excision of the coalition along with interposition of fat, muscle, or 
tendon to prevent recurrence.13 For patients with a talocalcaneal coali-
tion, good results have been obtained with resection when the coalition 
comprises less than one-third of the total subtalar joint surface.14 For pa-
tients with severe degenerative arthrosis of the subtalar joint or persistent 
pain following previous resection, a triple arthrodesis may be considered.

D. Bunions (hallux valgus)

1. Definition. An abnormal bony prominence of the medial eminence 
of the first metatarsal associated with a hallux valgus deformity of the 
great toe. It is frequently associated with a medial deviation of the first 
metatarsal (metatarsus primus varus).

2. Patient history. These patients are most often adolescent or teenage 
girls with complaints of pain over the medial eminence, difficulty with 
shoe wear, or concerns regarding appearance. There may be a positive 
family history.
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3. Physical examination. Clinically assess the presence of hindfoot valgus 
and a coexisting flat foot in addition to the presence and severity of 
hallux valgus deformity. Evaluate the degree of angulation as well as 
rotation of great toe.

4. Radiographic evaluation. Standing AP and lateral radiographs of the 
foot are recommended. On the AP radiograph, one can assess the fol-
lowing parameters:
a. First-second intermetatarsal angle (normal is <9°)
b. First metatarsal-phalangeal angle (normal is <15°)
c. Length of the first metatarsal
d. Congruency of first metatarsophalangeal (MTP) joint

5. Treatment. It is important to distinguish the functional problems that 
the patient is experiencing as well as the patient’s and the parents’ con-
cerns. In the adolescent patient in whom the primary concern is the ap-
pearance of the foot, every effort should be made to educate and counsel 
the family. For symptomatic patients with an underlying flexible flat 
foot condition, initial treatment should consist of a custom-molded, 
flexible medial-arch supporting foot orthotic. This will frequently cor-
rect the flatfoot deformity, improve the hallux valgus deformity, and 
improve the patient’s symptoms. For patients with a symptomatic 
hallux valgus deformity that fails conservative treatment, any surgical 
treatment should be postponed until skeletal maturity is reached because 
there is a high-recurrence rate of bunions in adolescent patients. If sur-
gery is considered, careful examination of the foot is necessary to correct 
all of the underlying deformities, thus decreasing the risk of recurrence 
and increasing the likelihood of patient satisfaction.

6. Surgical options. There are numerous surgical options.
a. Soft-tissue procedures

 i. Medial capsule advancement of first MTP joint
 ii. Excision of the medial eminence of the metatarsal head
 iii. Adductor hallucis release

b. Bony procedures
 i. Distal first metatarsal osteotomy (Chevron, Mitchell)
 ii. Proximal first metatarsal osteotomy
 iii. First metatarsal double (proximal and distal) osteotomy as de-

scribed by Peterson15

Geissele16 reported that the reduction of the intermetatarsal angle is the factor 
that correlates most highly both with decreased risk of recurrence of angular 
deformity and with patient satisfaction.

 VI. CHILDHOOD KNEE DISORDERS. Evaluation of the patient with knee 
pain.

A. History
1. Trauma/injury
2. Swelling of joint
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3. Locking/buckling of knees
4. Location of pain
5. Association of pain with specific activities (running, descending stairs, 

sitting)
B. Physical evaluation

1. Knee ROM
2. Hip ROM (remember referred pain from hip)
3. Effusion of knee joint
4. Joint line tenderness
5. Tenderness over patella/tibial tubercle
6. Assess ligamentous stability

C. Radiograph examination. Obtain AP/lateral radiographs of knee to evaluate 
for any bony abnormalities. For evaluation of patella alignment or patella-
related pain, obtain AP/lateral and “merchant” view or “sunrise” view of knee. 
For concern regarding possible locking or catching of the knee such as with 
OCD (see below), obtain AP/lateral and “notch” view radiographs of knee.

D. Differential Diagnosis
1. Patellofemoral pain syndrome

a. Definition. Previously termed “chondromalacia patellae” or “ante-
rior knee pain syndrome,” it describes a condition in which the pain 
is attributed to the patellofemoral joint. It is typically characterized 
by pain localized to the front of the knee.

b. Patient history. Adolescent girls are affected more often than boys. 
Symptoms may occur gradually or after previous knee injury; usually 
not associated with specific trauma. There are usually no symptoms 
of locking or buckling. Pain is frequently associated with activities 
such as walking, running, descending stairs, and sitting for prolonged 
periods (the movie theater sign).

c. Physical examination. One should include a thorough examination 
of the knee, paying particular attention to evaluate tracking of the 
patella, patella mobility medially and laterally, and Q-angle (align-
ment of extensor mechanism measured by angle of line from ASIS to 
patella and line from patella to tibial tubercle). Also assess the lower 
extremity rotational profile (see III.C.2)

d. Radiographs. AP, lateral, and patella views should be obtained to 
evaluate for evidence of patellar tilt as well as to rule out other po-
tential sources of knee symptoms such as OCD and bony lesions.

e. Treatment. Most patients with patellofemoral knee pain respond to 
a course of physical therapy consisting of hamstring stretching and 
quadriceps strengthening (specifically the vastus medialis obliquus 
[VMO]). This may be augmented by the use of a patellar-taping pro-
gram or a patella-stabilizing knee sleeve style brace for some patients 
with symptoms of patella hypermobilitiy.

2. Acute patella dislocation
a. Patient history. Patients may have experienced a traumatic or a non  

traumatic patella subluxation or dislocation. The patella dislocates 
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laterally. The patient may be tender over the medial retinaculum, 
and a joint effusion may be present.

b. Radiographic evaluation. AP/lateral/patella views of the knee 
should be closely evaluated for any evidence of osteochondral loose 
bodies in the joint. The patella may knock off an osteochondral frag-
ment from the lateral femoral condyle with the process of dislocating 
or relocating.

c. Treatment. If osteochondral fragments are present, the knee should 
be evaluated arthroscopically. Very large fragments may need to 
be replaced and internally fixed; smaller fragments may be simply 
removed. If no osteochondral fracture is identified, treatment may 
consist of a short period of immobilization with a soft-sided knee 
immobilizer followed by a program of quadriceps strengthening 
exercises.

3. Chronic patella instability
a. Patient history. Some patients may have recurrent patella sublux-

ation/dislocation episodes. The initial course of treatment should 
consist of physical therapy for quadriceps strengthening exercises. If 
these are not successful in achieving improvement of the instability, 
surgical stabilization may be indicated.17

4. Osgood–Schlatter disease
a. Presentation. One in the family of conditions known as “osteo-

chondroses,” this is an inflammation at the junction of the patellar 
tendon to the tibial tubercle. It most often occurs in girls aged 10 to 
12 and boys aged 12 to 14. The patient usually complains of painful 
swelling over the area of the tibial tubercle as well as pain associated 
with activities such as running or jumping sports. Sinding–Larsen–
Johansson syndrome is a related condition arising at the proximal 
aspect of the patellar tendon, just distal to the inferior aspect of the 
patella.

b. Treatment. Consists of hamstring and quadriceps stretching, 
NSAIDs, periodic ice to the area, and modification of activities.

5. Discoid meniscus
a. Presentation. Patients with a discoid meniscus may have knee pain 

as early as age 4. Most patients are first seen between ages 6 and 12 
or older. The incidence varies and is estimated to be from 3% to 5% 
in Anglo Saxons and as much as 20% in Japanese. Most cases involve 
the lateral meniscus. Patients usually have complaints of snapping or 
popping of the knee.

b. Physical examination. Examination of the knee may reveal snap-
ping with flexion of the knee. Unstable menisci may snap or pop in 
extension.

c. Classification. There are three principal types. Type I is stable, 
complete. Type II is stable, incomplete. Type III is unstable because 
of the absence of the meniscotibial ligament.

d. Treatment. For stable discoid lateral meniscus, arthroscopic sculpt-
ing of the meniscus to a normal configuration is indicated. If it is 
unstable, stabilization with a capsular suture is recommended.18
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6. Osteochondritis Dissecans
a. Definition. This is a condition of unknown etiology that results in 

vascular changes of the subchondral bone in the femoral condyle 
(typically the posterior-lateral aspect of the medial femoral condyle), 
which may lead to fragmentation or separation of the fragment along 
with the overlying cartilage. It most often occurs in adolescents and 
is more often in boys than in girls.

b. History.
 i. Nonspecific knee pain
 ii. Knee swelling after activities
 iii. No history of acute trauma or injury
 iv. With or without catching or locking of knee

c. Physical examination. Mild swelling may be present, tenderness 
over femoral condyle.

d. Radiographic examination. AP/lateral/notch views of knee; notch 
view may show lesion most effectively. Lateral view may also show 
lesion on posterior aspect of femoral condyle.

e. MRI. Assess “stability” of fragment based on continuity of articular 
cartilage and subchondral bone.

f. Treatment depends on the age of patient and the stability of 
fragment.

 i. Skeletally immature patient with stable lesion:
 (a) brief period of immobilization
 (b) restriction of activities
 ii. Patient near or at skeletal maturity or unstable lesion: con-

sider arthroscopic evaluation, possible drilling, and internal 
stabilization.

7. Miscellaneous
a. Referred pain

 i. Definition. Pain originating in one location but localized by the 
patient as arising from a nearby, different location.

 ii. Many children complain of lower extremity pain, and the clini-
cian’s challenge is to determine the source of the symptoms. 
Children (as well as adults) may have referred pain in which 
disorders occurring at one site present with pain at a distal loca-
tion. A classic example is the overweight adolescent boy with 
knee pain. An exhaustive evaluation of the knee reveals no obvi-
ous cause of his symptoms. However, a careful and thorough 
examination of the entire lower extremity reveals a SCFE of the 
hip. To avoid the common pitfalls, one must consider all of the 
diagnostic possibilities and complete a thorough evaluation.

b. Tumors
 i. Definition. Patients with leukemia or bone tumors often pres-

ent with bone or joint pain. If history and physical examination 
are not consistent with other causes of pain, consider possible 
malignancies including Ewing sarcoma, osteogenic sarcoma, leu-
kemia, lymphoma, and neuroblastoma. Obtain laboratory tests 
and radiographs/imaging studies appropriately.
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 VII. COMMON CHILDHOOD HIP DISORDERS

A. Developmental Dysplasia of the Hip
1. Definition. DDH is a spectrum of disorders ranging from complete 

dislocation of the hip to a reduced hip joint with acetabular dysplasia.
2. Incidence. Approximately 1 in 1,000 live births.
3. Risk factors. Include first born, female, breech position in utero, oli-

gohydramnios, and a positive family history. It has also been associated 
with other congenital conditions including congenital muscular torticol-
lis, metatarsus adductus, and clubfeet.

4. Physical examination. In the newborn child or young infant, physical 
examination should start with a careful evaluation of the other parts 
of the child other than the hips, including the spine, neck, and upper 
and lower extremities. Then, focus examination on the hips, trying to 
detect any evidence of instability. The clinical tests performed include 
the Barlow/Ortolani and Galeazzi tests. The Barlow and Ortolani tests 
are performed with the clinician stabilizing the pelvis with one hand and 
grasping the child’s femur with the other, placing the thumb over the 
medial femoral condyle and the long finger over the greater trochanter. 
The hip is flexed to 90° and held in neutral abduction. The Ortolani ma-
neuver consists of abducting the hip and trying to detect the “clunking” 
sensation of the dislocated femoral head relocating into the acetabulum. 
Likewise, the Barlow test consists of two maneuvers. The first consists of 
adducting the hip with gentle longitudinal pressure to provoke the hip 
to dislocate or subluxate. The second maneuver is the same as that de-
scribed for the Ortolani maneuver to achieve reduction of the dislocated 
hip. The Galeazzi test consists of comparing the height of the knees with 
the hips flexed to discern any apparent femoral shortening. One should 
also check for symmetric degrees of hip abduction bilaterally as well as 
for asymmetry of the perineal skin folds. Finally, DDH can be bilateral, 
which can be easily missed clinically because there is no apparent asym-
metry. These children may first come to the attention of the primary 
care provider after walking age, with increased lumbar lordosis, a limb 
length difference or a “waddling gait.”

5. Radiographic evaluation. In a young infant, U/S is the modality of 
choice to detect any evidence of hip abnormality. The U/S allows a 
static assessment of acetabular development (alpha and beta angles) 
and percentage of femoral head coverage as well as dynamic assessment 
of femoral head stability with stress maneuvers. In children older than 
6 months, a plain AP radiograph of the pelvis is appropriate.

6. Treatment
a. Age 0 to 6 months. In the newborn child up to 6 months of age, 

treatment consists of abduction bracing, usually performed with a 
Pavlik harness. This is usually applied at the time the instability is 
noted. It is most successful when applied within the first 7 weeks af-
ter the child is born. As the child gets older, the success of the Pavlik 
harness decreases. It may also be used for children with a clinically 
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stable hip but who have significant acetabular dysplasia noted on 
U/S. Moreover, the adequacy of the reduction or positioning of the 
hip in the Pavlik harness can be evaluated with U/S. There have been 
several reports in the literature of “Pavlik harness disease” in which 
the femoral head was not adequately reduced in the acetabulum, 
whereas in the harness, leading to progressive deformation of the 
posterior wall of the acetabulum and exacerbation of the dysplasia. 
If an adequate, concentric reduction of the femoral head cannot be 
achieved by 4  weeks after the harness has been applied, treatment 
with the Pavlik harness should be abandoned.19,20

b. Age 6 to 18 months or the child who fails Pavlik harness treat-
ment. Treatment for this group is aimed at achieving a satisfactory, 
congruent, stable reduction of the hip (i.e., get the femoral head 
reduced into the hip socket or “acetabulum”). This is achieved by 
performing either a closed (nonsurgical) or an open (surgical) reduc-
tion. Under anesthesia, an arthrogram is frequently performed at the 
time of the closed reduction and the child is placed in a spica cast. If 
the hip is noted to have a narrow “stable zone,” a limited adductor 
release may be performed to improve stability. If a concentric closed 
reduction is not achievable or if excessive force is required to main-
tain the reduction, an open reduction may be performed. Popular 
methods for performing the open reduction include an anterior ap-
proach or the medial approach depending on the age of the child.21

c. Age older than 18 months. Some authors still advocate a trial of 
preoperative skin traction followed by an attempted closed reduc-
tion. Alternatively, one can consider open reduction performed in 
conjunction with femoral shortening to reduce soft-tissue tension 
and thereby decrease the risk of avascular necrosis. If significant 
acetabular dysplasia is present, a pelvic osteotomy may also be 
performed.21

d. Secondary procedures. Children with persistent acetabular dyspla-
sia or persistent hip subluxation may require secondary procedures 
such as femoral or pelvic osteotomies. Adolescents or young adults 
may present with hip pain from previously undiagnosed dysplasia. 
They may be candidates for a redirectional pelvic osteotomy (triple 
innominate osteotomy or periacetabular osteotomy).

B. Legg–Calvé–Perthes disease
1. Definition. Idiopathic avascular necrosis of the femoral head in 

children.
2. Presentation. Most often affects children of ages 4 to 8; however, it may 

affect children as young as 2 or as old as 12 years; boys to girls is 4:1; 
bilateral in 10% of patients. Patients frequently have younger skeletal 
age than cohorts. Frequently, the disease presents as a painless limp 
(Fig. 6-2).

3. Etiology: idiopathic. It has been associated with abnormalities of 
thrombolysis as well as deficiencies of protein C, protein S, or 
thrombolysin.
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A

Figure 6-2. A 6-year-old boy with a 1- to 2-month history of limping and right knee pain. 
A: Radiographs of the knee are normal. B: An AP pelvis radiograph reveals changes in the right 
hip consistent with Legg–Calvé–Perthes disease.

B
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4. Differential diagnosis. If bilateral hip involvement is present on ra-
diograph, other possible etiologies should be excluded, including renal 
disease, hypothyroidism, multiple epiphyseal dysplasia or spondyloep-
iphyseal dysplasia, systemic corticosteroid use, storage disorders, and 
hemoglobinopathies.

5. Stages. Waldenström originally described evolutionary stages that the 
disease course follows. These have been modified from the original 
description to include the following:
a. Initial stage. Femoral head appears sclerotic early in the course of the 

disease.
b. Fragmentation stage. Presence of subchondral fracture (Salter sign) 

is hallmark of onset. The femoral head develops “fragmented” ap-
pearance on radiograph as necrotic bone undergoes resorption.

c. Reossification stage. There is evidence of healing; coalescence of 
femoral head fragmentation begins to occur.

d. Healed stage. Reossification is complete. Femoral head returns to 
predisease density. Any remaining deformity is permanent.

6. Classification systems. To describe and compare the results of treat-
ment, various classification systems have been described.
a. Catterall. Four-part system (I to IV) based on the amount of femoral 

head involvement
b. Salter–Thompson. Two part system (A, B) simplified to less than 

50% or greater than 50% involvement of femoral head.
c. Herring. Recently revised to a four-part system (A, B, BC, and 

C) based on height of lateral “pillar” (lateral one-third of femoral 
epiphysis).

7. Treatment. For patients with Legg–Calvé–Perthes disease, it is impor-
tant to determine which patients will benefit from treatment as well as 
how to treat them.
Risk factors for a poor prognosis include the following:
a. Older age at presentation (>8 years old)
b. Greater degree of involvement of the femoral head using any of the 

above classification systems.
The hallmarks of treatment consist of the following:
a. Maintaining hip ROM
b. “Containment” of the femoral head in the acetabulum.

For younger patients or patients with less involvement of the femoral head, 
treatment may consist primarily of NSAIDs, physical therapy, and restriction of 
activities to maintain hip ROM. For children older than 8 who have moderate 
involvement of the hip, treatment may consist of surgical containment of femoral 
head by femoral and/or pelvic osteotomies. Abduction bracing was used histori-
cally but now is used very rarely. Unfortunately, for children with the most severe 
form of the disease, our treatment does not appear to change the natural history.22

C. Slipped Capital Femoral Epiphysis
1. Definition. A disorder of the upper femur in which there is a separa-

tion (acutely or chronically) of the femoral epiphysis from the femoral 
neck through the region of the physis (growth plate). The femoral 
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head becomes positioned posterior and inferior relative to the femoral 
neck.

2. Incidence. Approximately 3 in 100,000; boys more frequently than 
girls. Bilateral involvement occurs in between 20% and 60% of cases. 
SCFE is seen most frequently in boys aged 12 to 16 and in girls aged 
10  to 14. SCFE is associated with obesity, with more than half of 
 affected individuals weighing greater than the 95th percentile. (Note: 
Not all patients with SCFE are obese.) Patients with an underlying 
hormonal or endocrine disorder have an associated increased risk for the 
development of SCFE. For patients with an unusual presentation such 
as atypical age (before age 10), bilateral involvement at presentation, or 
with other signs of possible endocrine abnormalities, a careful evaluation 
for endocrine disorders including hypothyroidism, hypopituitarism, or 
hypogonadism should be conducted.

3. Classification
a. Temporal. One method of classification is based on the duration 

of symptoms: acute: greater than 3  weeks, chronic: greater than 
3 weeks, and acute-on-chronic: a sudden exacerbation of subclinical 
symptoms of long-standing duration.

b. Stability. This classification system has gained greater popularity 
because it appears to be clinically more useful. A patient with a stable 
SCFE is able to walk without assistance, with mild-to-moderate pain, 
or a slight limp. Patients with an unstable SCFE are unable to walk 
or to bear weight. Patients with an unstable SCFE are associated with 
a higher rate of complications.23

c. Displacement. Classified according to the amount of displacement 
of the femoral head. This may be represented as a percentage of the 
femoral neck width or as an angular value measured by the lateral 
head-shaft angle.

4. Treatment. The most widely recommended form of treatment is surgi-
cal stabilization with percutaneous pinning in situ. For a stable SCFE, 
this can usually be accomplished with a single, cannulated screw inserted 
under fluoroscopic control.24 The aim of the procedure is to insert the 
screw perpendicular to the femoral head in both the AP and lateral 
planes with close attention to avoid penetrating the femoral head and 
entering the hip joint. In cases of an unstable SCFE, a second screw may 
be inserted to further stabilize the femoral head (Fig. 6-3).

5. Complications. The primary complications associated with SCFE 
are avascular necrosis and chondrolysis. A vascular necrosis is the 
most serious complication associated with patients with a SCFE. It is 
the interruption of the blood supply to the femoral head resulting in 
bone necrosis and subsequent destruction of the hip joint. It is uncom-
mon with stable SCFE treated with pinning in situ. There is a greater 
incidence of avascular necrosis associated with an unstable SCFE. In 
patients with an unstable SCFE, treatment usually consists of gentle 
repositioning of the limb during surgery and surgical stabilization with 
two screws and possible decompression of the hip joint. In some centers, 



1 0 8   M A N U A L  O F  O R T H O P A E D I C S

A

B

Figure 6-3. SCFE. A: A 13-year-old boy with a severe, unstable left SCFE. B: Two cannulated 
screws were inserted for stabilization.
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surgical dislocation of the hip is being performed to improve the abil-
ity to reduce the postoperative deformity. Early results are encouraging 
but this is a surgically demanding procedure reserved for surgeons with 
technical expertise. Chondrolysis is another complication of SCFE. It 
is a gradual loss of the joint ROM following stabilization of the SCFE. 
On postoperative radiographs, it appears as a gradual loss of the joint 
space over time.

 VIII. INFECTIOUS AND INFLAMMATORY CONDITIONS

A. Osteomyelitis
1. Definition. A bacterial infection of the bone.
2. Etiology. Bacterial seeding can occur through several methods: direct 

inoculation (open fractures, penetrating wounds), local extension from 
adjacent sites, or hematogenous spread from distant sites. Children are 
skeletally immature and have physes (growth plates) at the ends of their 
long bones. The metaphyseal region of the bone just below the physis is 
a frequent location for osteomyelitis to occur.

3. Presentation. Patients may present with fever, pain, limping, and 
refusal to walk or bear weight on the affected lower extremity. Other 
symptoms of malaise or flu-like symptoms may or may not be present. 
One should inquire about immunization status as well as history of re-
cent illnesses (e.g., otitis media, chicken pox, strep pharyngitis, URTI).

4. Physical examination. Site of involvement may or may not be easy to 
identify, particularly in younger patients. Careful palpation of entire 
extremity and the metaphyseal regions in particular is important. All 
joints should be placed through a ROM. Inspect for areas of redness, 
swelling, or warmth.

5. Laboratory studies
a. CBC with differential
b. ESR
c. CRP
d. Blood cultures (aerobic and anaerobic)

The CRP has been recognized as a more rapidly responsive test than 
the ESR, increasing more quickly early in the evolution of the condition 
and declining more rapidly in response to treatment. If the diagnosis 
remains unclear, consider other diagnostic possibilities such as toxic 
synovitis, JRA, Lyme arthritis, and poststreptococcal arthritis.

6. Radiographic studies. Plain radiographs of the affected area should be 
obtained. In osteomyelitis, they may be frequently normal for the first 
7 to 14 days. However, the radiographs may also be useful to rule out 
other diagnostic possibilities. For patients with suspected osteomyelitis, 
MRI is very sensitive and allows assessment of bone involvement, soft-
tissue inflammation or abscess formation, and the presence of a joint ef-
fusion. However, an MRI may require significant sedation or anesthesia 
for younger patients.
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7. Aspiration. In patients with an identified focus of infection, an attempt 
at aspiration is recommended by many authors to identify the organism 
and to guide antibiotic therapy. This may be done with sedation in the 
emergency department or the fluoroscopic suite or, alternatively, under 
anesthesia in the operating room.

8. Organisms. On the basis of patient age:
a. Younger than 1 year

 i. Staphylococcus aureus
 ii. Group B Streptococcus
 iii. Escherichia coli

b. 1 to 4 years old
 i. S. aureus
 ii. Haemophilus influenzae

c. Older than 4 years
 i. S. aureus

d. Adolescent
 i. S. aureus
 ii. Neisseria gonorrhoeae

9. Treatment. Appropriate intravenous antibiotic based on culture or 
most likely organism. Duration of antibiotic coverage is typically 
6 weeks. After 2 to 3  weeks of IV treatment, the patient may be 
switched to oral antibiotics if the following criteria are met: (i) the 
organism has been identified, (ii) there is a satisfactory oral antibiotic 
to which the organism is sensitive, (iii) the child will take the oral 
antibiotic, and (iv) satisfactory serum levels can be achieved with oral 
therapy.25

10. Surgical treatment. If the patient does not respond to antibiotic 
treatment after the first 24 to 48  hours, consider the possibility of a 
subperiosteal or intraosseous abscess as well as other diagnostic possi-
bilities. Consider surgical drainage of abscess or intramedullary canal if 
necessary.26

B. Septic arthritis27

1. Definition. An infectious arthritis of a joint, usually bacterial in nature.
2. Etiology. Most frequently, it occurs as a result from adjacent osteo-

myelitis in which the metaphyseal portion of the bone is intraarticular 
(e.g., hip, shoulder, elbow, ankle). When pus from metaphysis decom-
presses itself through cortex, joints can become infected. Infection is also 
possible through hematogenous spread or direct inoculation.

3. Joints most commonly involved: knee (41%), hip (23%), ankle 
(14%), elbow (12%), wrist (4%), and shoulder (4%).

4. Presentation. Young children usually refuse to walk or to bear weight 
on the lower extremity or to use their upper extremity. The child usu-
ally will be febrile (temperature >38.5 °C) and may even show signs of 
sepsis. Septic arthritis may also occur in the newborn child; babies in 
the neonatal intensive care unit may present with pseudoparalysis of the 
affected limb with failure or refusal to move it.
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5. Physical examination. If the joint involved is superficial, classic signs 
of joint redness, swelling, and warmth are sometimes but not always 
present. However, if the joint is not superficial (hip, shoulder), no vis-
ible abnormality may be detectable. However, the patient will hold the 
affected limb in a position of maximum comfort (e.g., keep the hip in 
flexion and external rotation). Any attempt at passive ROM is very pain-
ful and restricted because of guarding.

6. Laboratory studies
a. CBC with differential
b. ESR
c. CRP
d. Blood cultures.

The CRP and ESR will become significantly elevated. The CBC may 
remain normal.

7. Radiographic studies. Plain radiographs of the affected joint should 
be obtained to look for any evidence of bony destruction or erosions. 
For patients with suspected hip pain, an U/S of the hip may confirm 
the presence of a hip joint effusion. In some institutions, aspiration is 
performed under U/S guidance.

8. Joint aspiration is performed to confirm the diagnosis. Joint fluid 
should be sent for white blood cell (WBC) count with differential, 
Gram stain, and culture (if quantity permits, glucose and total protein 
as well). If the patient is a teenager who is sexually active and therefore 
for whom gonococcal infection is a possibility, the laboratory should be 
notified in order to perform cultures on chocolate agar in addition to the 
routine media. The Gram stain may be positive for bacteria in only ap-
proximately 50% of patients. The cell count most often has greater than 
50,000 WBCs and/or greater than 90% polymorphonuclear neutrophils 
(PMNs).

9. Organisms. On the basis of patient age:
a. Younger than 1 year

 i. S. aureus
 ii. Group B Streptococcus
 iii. E. coli

b. 1 to 4 years old
 i. S. aureus
 ii. H. influenzae (less common now with H. influenzae B vaccination)
 iii. Group A Streptococcus
 iv. Streptococcus pneumoniae

c. Older than 4 years
 i. S. aureus
 ii. Group A Streptococcus

d. Adolescent
 i. S. aureus
 ii. N. gonorrhoeae

e. Less common organisms include Kingella kingae, Salmonella, and 
Neisseria meningitidis
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10. Treatment. Using clinical predictors of fever, elevated ESR, refusal to 
bear weight and elevated blood WBC, when a patient has three of the 
four predictors, there is a 93% probability of septic arthritis; with four 
predictors the probability is 99%.28 When CRP is added as an additional 
predictor, if a patient has all five predictors, the probability is equally 
high at 98%.29,30 In patients suspected of septic arthritis, treatment 
consists of emergent aspiration of the joint. If aspiration confirms the 
diagnosis of septic arthritis, treatment proceeds to immediate surgical 
incision and drainage of the affected joint. Surgical decompression of 
the adjacent bone may also be indicated if there is evidence of an in-
traosseous abscess or bony involvement. Intravenous antibiotics should 
be administered once joint fluid cultures have been obtained. Empiric 
coverage should be started initially based on the most likely organism 
involved. Once culture and sensitivities have been identified, antibiotic 
coverage can be tailored accordingly. The duration of antibiotics is usu-
ally 4 to 6 weeks. An initial course of intravenous antibiotics is followed 
by oral therapy until the patient’s symptoms and laboratory studies have 
returned to normal.

C. Transient synovitis
1. Definition. An inflammatory, post-viral process resulting in joint swell-

ing and pain.
2. Presentation. Transient synovitis most frequently occurs in young chil-

dren aged 3 to 8. Patients often may have had a recent URTI or other 
viral illness in the 2 to 3 weeks prior to the onset of symptoms. Patients 
are usually afebrile with a history of several days of pain or limping. 
The physician must differentiate between transient synovitis and a truly 
infectious process such as septic arthritis or osteomyelitis.

3. Laboratory studies. CBC with differential, ESR, and CRP are usually 
within the normal range.

4. Radiographic studies. Plain radiographs are usually normal or may 
show evidence of a joint effusion. U/S is helpful if deemed necessary for 
confirming the presence of a joint effusion.

5. Aspiration. Because the clinician is often confronted with having 
to  exclude septic arthritis, joint aspiration can be helpful in order to 
examine the joint fluid. Gram stain, cell count, and culture should be 
obtained. The Gram stain should be negative, and the cell count should 
have between 5,000 and 15,000 WBCs with less than 25% PMNs.

6. Treatment. The primary treatment objective in the treatment of tran-
sient synovitis is to ensure that septic arthritis has been excluded. Once 
septic arthritis is excluded, the condition can be treated expectantly with 
reduction in activity, NSAIDs, and careful observation.30

D. Lyme Arthritis
1. Definition. A large joint effusion resulting from an infection caused by 

the tick-born spirochete organism Borrelia burgdorferi. This condition is 
especially prevalent in the New England states and in the Upper Mid-
western states of Minnesota and Wisconsin.
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2. Presentation. Patients often present with a large, atraumatic joint effu-
sion, most often involving the knee joint. Patient is usually afebrile and 
has a mild limp but relatively painless joint ROM.

3. Laboratory tests. Blood tests include CBC with differential, CRP, ESR, 
and serum Lyme antibody titers. The CRP and ESR may be elevated. Se-
rum Lyme antibody titer results may take 24 to 48 hours to be available.

4. Treatment. When evaluating the patient, it is important to distinguish 
between septic arthritis and Lyme arthritis. Both patients may have a 
large joint effusion. The refusal to bear weight is the strongest predic-
tor of the diagnosis of septic arthritis over Lyme arthritis.31 However, if 
patient appears to have septic arthritis, aspiration of the joint may be 
necessary to exclude bacterial septic arthritis. When the diagnosis Lyme 
arthritis can be confirmed by serum Lyme antibody test or joint fluid 
polymerase chain reaction tests for B. burgdorferi, treatment consists of 
30 days of oral antibiotics.

 IX. BACK PAIN AND SPINE-RELATED CONDITIONS

A. Evaluation of the patient with back pain
1. History

a. Location of pain (neck/thoracic/lumbar)
b. Radiation of pain into lower extremities
c. Associated symptoms such as numbness, tingling, weakness, change 

in bowel or bladder function, and pain at night.
d. Onset of pain (acute/gradual)
e. Frequency and duration of symptoms
f. Any improvement with NSAIDs/aspirin
g. Is patient involved in athletic activities that are associated with 

repetitive hyperextension of back (e.g., figure skating, gymnastics, 
dance, football [particularly lineman] or hockey)?

2. Physical examination. Have patient dressed in examination gown or 
other appropriate clothing.
a. Back ROM: flexion/extension/side bending/rotation
b. Pain with palpation along spine
c. Radicular pain associated with straight-leg test
d. Complete neurologic examination including the following:

 i. Motor strength
 ii. Sensation
 iii. Deep tendon reflexes
 iv. Signs of upper motor neuron abnormalities: clonus, Babinski, etc.
 v. Abdominal reflexes

e. Adam’s forward bending test (see below)
f. Hip ROM: possible referred pain from hip pathology

3. Radiologic tests. If pediatric patient describes significant back pain 
and/or any abnormal findings are present on physical examination, it is 
appropriate to obtain plain radiographs.
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a. AP and lateral radiograph of thoracic and lumbar spine if pain is lo-
calized to thoracic or thoracolumbar region or any findings to suggest 
scoliosis.

b. AP/lateral and oblique images of lumbar spine if patient localizes 
pain to lumbar region of back or pain radiates into lower extremities.

c. Evaluate radiographs for signs of:
 i. Scoliosis
 ii. Spondylolysis/spondylolisthesis
 iii. Loss of disc space
 iv. Vertebral end-plate changes (erosions, Schmorl nodes)
 v. Other bony changes (absent pedicle, curvature without rotation, 

etc.)
4. Additional imaging tests. If neurologic abnormalities are identified on 

physical examination, consider MRI of spinal canal. If no neurologic 
findings are present but pain presentation is worrisome for underlying 
bony abnormality such as stress fracture or tumor or structural, consider 
either MRI or three-phase nuclear medicine bone scan/SPECT scan.

5. Differential diagnosis
a. Mechanical low-back pain
b. Spondylolysis/spondylolisthesis
c. Discitis
d. Lumbar Scheuermann disease
e. Herniated intervertebral disc or apophyseal ring fracture
f. Spine-related bone tumors

6. Mechanical low-back pain
a. Definition. Back pain usually localized to the lower back without 

radiation to lower extremities and without neurologic findings on 
physical examination or radiographic abnormalities. Previously 
thought to be rare in children, it remains less common in children 
than in adults but can be a source of back pain if other causes have 
been definitively excluded. Symptoms most often occur after sit-
ting for long periods, tend to be vague or nonspecific, and occur 
sporadically.

b. Physical examination. Notable for lack of abnormal findings.
c. Radiographic examination. Plain radiographs are normal. No 

specialized radiographic studies are recommended at the time of the 
initial evaluation.

d. Treatment.
 i. Referral to physical therapy for home-based exercise program of 

back strengthening and posture retraining.
 ii. Prescription for NSAIDs.
 iii. Return to clinic in 1 to 2 months for follow-up. If symptoms not 

improved or have changed, reconsider diagnosis.
7. Spondylolysis/spondylolisthesis.

a. Spondylolysis. A structural defect in the bone in the posterior ele-
ments of the spine. Most often in the “pars interarticularlis” region 
of the L5 vertebra. Associated with hyper-extension activities such 
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as dance, gymnastics, figure skating; presents as low-lumbar back 
pain without radiation into the lower extremities but exacerbated 
by hyperextension activities. Treatment: If acute, treatment may be 
limitation of activities and bracing. If chronic, treatment may be 
physical therapy.

b. Spondylolisthesis. A translation or slippage of one vertebra on 
the next lower vertebra. The most common cause in children is an 
“isthmic spondylolisthesis” in which a lesion or defect in the pars 
interarticularis permits forward slippage of the superior vertebra. 
Treatment: If mild, may be observation. If moderate to severe, rec-
ommend referral to orthopaedic surgeon for evaluation for possible 
surgical stabilization.

8. Discitis. A condition in which children develop back pain that arises 
from a presumed bacterial infection of the intervertebral disc. They may 
present with gradual onset of pain, loss of lumbar lordosis, and progres-
sive decline in activity level potentially to the point of refusing to walk. 
The child may remain afebrile. Current theories of etiology suggest that 
it may start as a vertebral osteomyelitis that spreads to the adjacent disc 
space. If suspected, laboratory tests should be obtained including CBC 
with differential, ESR, CRP, and blood cultures. The CBC may be 
normal but some elevation of the ESR and CRP is frequently present. 
Initial radiographs may be normal or may show vertebral end-plate ir-
regularities. Later radiographs may show a narrowing of the disc space 
involved. The diagnosis may be confirmed with specialized imaging tests 
such as nuclear medicine bone scan, CT, or MRI. Treatment consists of 
antibiotic therapy and, when appropriate, back immobilization with a 
removable spinal orthosis for symptomatic support.

9. Lumbar Scheuermann disease. A condition in which patients present 
with lumbar back pain without radicular symptoms. There are end-
plate changes termed “Schmorl nodes” in the lumbar vertebra on plain 
radiographs. In contrast to Scheuermann disease of the thoracic spine 
(see below), which is associated with significant thoracic kyphosis and 
vertebral wedging, these changes are not found in the lumbar spine.

10. Herniated intervertebral disc. A herniation of the central portion of 
the disc, the “nucleus pulposus,” into the spinal canal. Occurs in ado-
lescent and teenage patients. Symptoms usually have an acute, specific 
onset and are associated with radicular symptoms of pain radiating 
down into the lower extremity. Neurologic examination is helpful to 
look for signs of motor weakness. In children and adolescents, they may 
also sustain an avulsion fracture of the vertebral ring apophysis. This 
may also present with sudden onset of back pain with radicular-type 
symptoms radiating into the lower extremities. It is a separation of the 
end-plate of the vertebra from the vertebral body through the growth 
plate. This may be visible on plain films as a small triangular fragment 
of bone displaced from the lower end plate of the vertebra. If a herniated 
disc or a vertebral ring apophysis avulsion-type fracture is suspected, an 
MRI scan can help confirm diagnosis.
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11. Bone tumors involving the spine. There are several bone tumors that 
may arise from the vertebral body or the posterior elements of the spine. 
They may present with pain, particularly night pain, deformity, or other 
associated symptoms. Physical examination may reveal findings of sco-
liosis; however, radiographs may reveal a curvature of the spine without 
any rotational component present. This suggests that the curvature is 
postural and due to the painful process rather than a structural, scoli-
osis-type curve. Benign tumors that arise in the spine most frequently 
include osteoid osteoma, osteoblastoma, and hemangioma. Primary 
malignant tumors of the bone that arise in the spine are relatively rare.

B. Idiopathic adolescent scoliosis

1. Definition. A deformity of the spine consisting of a lateral curvature 
measuring greater than 10° on a spine radiograph that also has a ro-
tational component. The word “idiopathic” suggests no identifiable, 
underlying cause. There may be a genetic component.

2. Presentation. Most often patients are adolescent girls who have been 
detected either on school screening examination or by an observant 
primary physician. Boys have a lower incidence of progressive curves. 
The deformity may occasionally be seen in younger children. Family 
history is frequently positive. Idiopathic scoliosis should be painless. 
The examiner should inquire about any neurologic symptoms including 
weakness, numbness, radicular symptoms, or bowel or bladder changes.

3. Incidence. For curves greater than 10°, the overall incidence is ap-
proximately 2%. However, for curves measuring greater than 20° and 
requiring treatment, the incidence is 0.2%.

4. Physical examination. All patients should be examined in a gown so 
that the back can be well visualized. Inspect pelvic height for evidence of 
limb length difference. Examine shoulder height and trunk position for 
evidence of asymmetry or truncal imbalance. With the patient standing, 
have the patient bend forward at the waist. Observe the patient’s back for 
evidence of rib hump deformity. This is the Adam’s forward bending 
test. Finally, complete a thorough neurologic examination, including ab-
dominal reflexes and tests for long tract or upper motor neuron lesions.

5. Radiographic evaluation. Standing PA and lateral spine radiographs 
on a long cassette to include the thoracic, lumbar, and sacral regions of 
the spine. The curvature of the spine can be measured using the Cobb 
method.

6. Characteristics. For true idiopathic scoliosis, the curve is most often:
a. Painless
b. Convex to the right in the thoracic spine
c. Not associated with any neurologic changes

If a curve does not fit this pattern, one must exclude other possible 
causes. If the curve is convex to the left, painful, has associated neurologic 
changes, or is rapidly progressive, one should consider obtaining an MRI 
scan in order to rule out possible underlying spinal cord abnormalities such 
as syringomyelia, tethered cord, diastematomyelia, or spinal cord tumor.
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7. Risk factors for progression include young age, female gender, prepu-
bertal status, and curve greater than 11°. The spine curve is at greatest 
risk for progression during periods of accelerated skeletal growth.32

8. The goal of treatment is to prevent further progression of the curve.
9. Treatment of idiopathic scoliosis depends on the size of the curve as 

well as the age of the patient at the time of detection. Typically, for 
curves between 11° and 20°, treatment consists of observation with 
repeat spine radiographs obtained in 4 to 6 months. The younger the 
child at the time of curve detection, the greater the risk for future pro-
gression of the curve. If the curve is greater than 20° to 25° in a skeletally 
immature patient, brace treatment is indicated. Brace treatment is most 
effective in moderate-sized and flexible curves in growing adolescent 
patients. The goal of brace treatment is to arrest any further progression 
of the curve. For patients in whom a large curve of greater than 45° to 
50° is already present or for whom the curve progresses despite brace 
treatment, the patient should be referred for consideration of surgical 
treatment.

C. Kyphosis
1. Definition. An increased curvature of the thoracic spine in the sagittal 

plane producing a rounded-back appearance.
2. Characteristics. Normal thoracic kyphosis is 15° to 45°. Scheuermann 

disease is a condition in which the thoracic curve on the lateral radio-
graph is greater than 45° to 50° and associated with wedging of three 
adjacent central vertebral bodies of 5° or more. It may be associated 
with end-plate changes of the vertebral bodies such as Schmorl nodes. It 
should be distinguished from postural kyphosis, in which the vertebral 
bodies do not exhibit changes and the curvature resolves with improve-
ment of the patient’s posture.

3. Presentation. Patients usually have mild back pain or concerns regard-
ing appearance.

4. Physical examination. Careful examination of the back with the pa-
tient standing, on forward bending, and with hyperextension in the 
prone position can help determine the flexibility of the kyphosis. In-
creased thoracic kyphosis is frequently associated with increased lumbar 
lordosis. The possibility of hip flexion contractures should be assessed. 
A careful neurologic examination should also be performed.

5. Radiographs. Standing PA and lateral thoracolumbar spine radiographs 
should be obtained.

6. Treatment. Options include observation, bracing, and surgery. For 
patients who are asymptomatic with a relatively small curve, one may 
consider continued observation. For symptomatic patients who are skel-
etally immature with curves greater than 45° to 50°, one may consider 
brace treatment. The indications for surgical treatment include kyphosis 
greater than 70°, progressive deformity, recalcitrant pain, and concerns 
regarding patient appearance in the setting of significant deformity.33
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D. Lordosis
1. Definition. An increase in “swayback” appearance of the lower lumbar 

spine.
2. Presentation. The patient may complain of low back pain, concern 

regarding appearance, or both.
3. Etiology. Possible causes include posture (especially in younger pa-

tients), bilateral congenital dislocation of the hip, hip flexion contrac-
ture, hamstring weakness, increased thoracic kyphosis, spondylolysis/
spondylolisthesis, and congenital spinal deformity.

4. Physical examination should include careful evaluation of the back, 
hips, and lower extremities and should also include a thorough neuro-
logic evaluation.

5. Radiographs. PA and lateral thoracolumbar spine radiographs should 
be obtained.

6. Treatment. Careful exclusion of underlying abnormalities should 
be undertaken. If other underlying causes have been excluded and 
the cause is thought to be postural, treatment may consist of further 
observation.

 X. NEUROMUSCULAR DISORDERS

A. Cerebral palsy34,35

1. Definition. A nonprogressive disorder resulting from an injury to the 
brain, usually within the first year of life, and resulting in impairment 
in motor function.

2. Classification. Geographic (part of body most affected), type of motor 
dysfunction or functional.
a. Geographic

 i. Hemiplegia. Arm and leg on one side only affected
 ii. Diplegia. Major spasticity in lower limbs, less in upper
 iii. Triplegia. Three-limb involvement
 iv. Quadriplegia. All four limbs, “total body involved”

b. Motor type
 i. Spastic. Increased stretch reflexes (pyramidal)
 ii. Athetoid. Fluctuating motor tone, often with spontaneous, in-

voluntary rhythmic motor movements (extrapyramidal)
 iii. Dystonia. Similar to athetoid; intermittent or inconsistent tone
 iv. Mixed. A combination of spasticity and dystonia

c. Functional: Gross Motor Function Classification System 
(GMFCS)36

Level I: Ambulatory, difficulty with balance and speed
Level II:  Ambulatory, difficulty with running or jumping
Level III:  Ambulatory with an assistive device
Level IV:  Nonambulatory, mobile with wheelchair
Level V:  Nonambulatory, limited motor function
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3. Causes
a. Prenatal. Intrauterine infection, for example, TORCH (toxoplas-

mosis, rubella, cytomegalovirus, and herpes simplex), genetic or 
chromosomal abnormalities

b. Perinatal. Premature birth, low birth weight, asphyxia, erythroblas-
tosis fetalis

c. Postnatal. Infection, stroke, cardiac arrest, near drowning
4. Hierarchical approach to problems

a. Primary problems include abnormal muscle tone, poor selective 
muscle control, and poor balance.

b. Secondary problems include muscle and joint contractures and 
bony deformities (increased femoral anteversion, tibial torsion, and 
foot deformities).

c. Tertiary problems include compensatory mechanisms for primary 
and secondary problems.

5. Treatment
a. Physical therapy.
b. Orthotics.
c. Assistive devices: wheelchair, walker, crutches.
d. Tone-reducing agents or medications: oral (e.g., baclofen, Valium, 

dantrolene) or focal (e.g., Botox, phenol). These are frequently ad-
ministered by physical medicine and rehabilitation specialists.

e. Neurosurgical options: selective dorsal rhizotomy, intrathecal ba-
clofen pump.

f. Orthopaedic surgery: soft-tissue lengthening procedures, bony re-
alignment procedures.

6. Nonambulatory patients. The principal difficulties that affect patients 
with total body involvement are hip subluxation or dislocation and neu-
romuscular scoliosis. These are important issues for these patients be-
cause they are wheelchair bound and frequently mentally handicapped. 
Painful sitting or difficulty with sitting balance resulting from scoliosis 
or pelvic obliquity can interfere significantly with their activities of 
daily living or personal care and can become painful. Patients should 
be monitored regularly for early detection of either hip dislocation or 
scoliosis.

7. Ambulatory patients. If children have independent sitting balance by 
age 2, there is approximately a 95% chance that they will eventually be 
able to ambulate. Children with cerebral palsy who can ambulate usually 
have difficulty because of increased motor tone, poor selective motor 
control, and poor balance. Frequently, muscle contractures and bony 
deformities develop over time. Three-dimensional gait analysis is useful 
to assess walking in these children in order to identify a problem list of 
orthopaedic issues or deformities that are contributing to the patient’s 
difficulty in walking. Orthopaedic surgery usually consists of muscle 
lengthening or transfer procedures combined with bony realignment 
procedures for underlying torsional deformities of the lower extremi-
ties. Most often, these are combined in one surgical setting to minimize 
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recovery time and to speed the child’s return to activities. The selective 
dorsal rhizotomy is a procedure to decrease lower extremity tone by 
cutting approximately 30% to 40% of the dorsal afferent sensory nerve 
rootlets. It is indicated for children with spastic diplegia who have pure 
spasticity, no contractures, and good balance. It is usually performed 
in children between the ages of 4 and 8. For children with cerebral 
palsy, optimum treatment consists of a combined approach involving 
the physical medicine and rehabilitaion specialist, the neurosurgeon, the 
orthopaedic surgeon, the physical and occupational therapists, and the 
orthotist.

B. Spina bifida37

1. Definition. A malformation of the spine, resulting from incomplete 
closure of the posterior elements of the spine as well as of the neural tube 
in which the meninges and neural elements are exposed at birth.

2. Etiology is multifactorial. There is a genetic component in that there 
is increased risk for first-degree relatives of patients with spina bifida. 
There is also an environmental role linked to insufficient dietary folic 
acid for women of childbearing age.

3. Classification is based on the level of neurologic deficit.
4. Associated disorders include hydrocephalus requiring ventriculoperi-

toneal shunting, tethered spinal cord, Arnold–Chiari malformations, 
syringomyelia, and urologic problems.

5. Orthopaedic conditions include scoliosis for patients with high tho-
racic level deficits, excessive spinal kyphosis, hip dislocation, and foot 
deformities.

6. Ambulatory function is determined primarily by level of deficit. Pa-
tients who ambulate are usually patients who maintain active control of 
knee flexion and extension. Many children ambulate when young, but 
as they get older, it takes greater energy and oxygen consumption, and 
many resort to using a wheelchair.
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 I. EMERGENCY SPLINTING OF THE SPINE

A. Patients with spinal injuries should be splinted with a backboard before 
they are moved, as shown in Fig. 7-1. Immobilize patients with suspected 
cervical spine injuries by placing sandbags, rolled towels, or rolled blankets 
on each side of the head. Then put a cravat through or around the back-
board (or 3” tape) and over the forehead. In this way, the patient’s head, 
neck, and backboard can be moved as one unit. Commercial foam as well 
as plastic neck collars are available in different sizes and are carried by emer-
gency medical technician (EMT) units. One can also make an adequate 
neck collar by placing foam or felt of the appropriate width, thickness, and 
length inside a tubular stockinet and then fastening the stockinet about 
the patient’s neck. This method is particularly useful for immobilizing the 
neck of injured children where correct sizing is critical so as to immobilize 
the neck without extension or flexion. The only emergency indication for 
moving the neck of an individual with a suspected injured cervical spine is 
to improve an inadequate airway by aligning the neck with the torso and 
opening the airway with a jaw lift.

B. Be aware of possible neurogenic shock, which is treated by elevating the 
lower end of the backboard to improve venous return in the reverse Tren-
delenburg position.

C. If complete evaluation identifies a cervical spine fracture, the patient is usu-
ally placed in traction or hard collar immobilization. The direction of trac-
tion depends on the injury. If there is no dislocation, a neutral or slightly 
extended position is preferred (see Chapter 10).

 II. UPPER EXTREMITY SPLINTING

A. Remember to remove rings from an involved hand! Swelling can make 
them impossible to remove without cutting them off and they obscure 
X-rays. Petroleum jelly can be useful for ring removal.

B. Figure-of-8 splint
1. The principal use is for clavicular fractures (see Chapter 14).
2. Application. The factory-made figure-of-8 clavicular strap is recom-

mended because it is a webbed fabric and does not stretch. If a properly 
fitting factory-made strap is not available for children younger than 
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10 years, make a figure-of-8 strap with a tubular stockinet filled with 
felt or cotton padding, as shown in Fig. 7-2. These should be used only 
if they make the patient more comfortable. A sling is generally more ef-
fective in this regard. Generally, the figure-of-8 splint does not improve 
fracture reduction.

3. Precautions
a. Prevent skin maceration with a powdered pad in the axilla.
b. In the adult, restrict the use of the sling and encourage glenohumeral 

motion after 2 weeks to prevent shoulder stiffness.
c. Do not tighten the figure-of-8 strap to the point that the axillary 

artery or brachial plexus is compressed as manifested by arm 
swelling and paresthesias.

C. Velpeau and sling-and-swathe bandages
1. These bandages are used for shoulder dislocations, proximal humerus 

fractures, and humeral fractures.
2. One application of Velpeau bandage using bias-cut stockinet is seen in 

Fig. 7-3. The common application of the typical sling-and-swathe ban-
dage is shown in Fig. 7-4. Either type of bandage can be covered with a 
light layer of fiberglass or plaster to prevent unraveling of the material.

3. Precautions
a. Prevent skin maceration with a powdered pad in the axilla and 

between the arm and chest.
b. Prevent wrist and finger stiffness with active exercise.

Figure 7-1. A backboard may be used in an emergency to transport a patient with a spinal 
injury.
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4. A number of commercial shoulder immobilizers are available. Al-
though they provide less secure immobilization than the Velpeau and 
sling-and-swathe bandages, these ready-made items have proved satis-
factory. Commercial straps for acromioclavicular (AC) separations are 
also available; they have straps that go over the distal one-third of the 
clavicle and lift up on the elbow in order to reduce the AC separation 
or distal clavicle fracture. They are generally not used as they will cause 
skin necrosis if enough pressure is applied to improve alignment of the 
joint or fracture.

D. Use air splints in emergency situations for the distal extremity. The air 
splint is closed over the extremity by its zipper and inflated by flowing air 
into the mouth tube. High pressure from mechanical pumps can produce 
circulatory embarrassment and should not be used. Skin maceration occurs 
if air splints are used for any extended period. Cardboard or magazines can 
be used with tape of any sort to achieve temporary immobilization.

 III. LOWER EXTREMITY SPLINTING

A. Thomas splint
1. Use for femoral shaft fractures and, occasionally, knee injuries. The 

following description is for the emergency situation. The Thomas splint 
may also be used as fixed skeletal traction, as described in Chapter 10, 
VII.F.3.

2. The ideal Thomas splint application uses a full ring splint that mea-
sures 2 in greater than the circumference of the proximal thigh. If a 

Figure 7-2. Typical figure-of-8 splint made for a child younger than 10 years with a fractured 
clavicle. In adults, use a factory-made splint when possible.
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full ring splint is not available, use a half-ring splint with a strap placed 
anteriorly. The ring engages the ischial tuberosity for countertraction, 
and traction is applied to the end of the splint with an ankle hitch, as 
shown in Fig. 7-5. A Spanish windlass is made by taping several tongue 
blades together. These twist the material used to secure the ankle hitch 
to the end of the splint, producing a traction force. The half-ring splint 
still engages the ischial tuberosity, and the strap buckles down across 
the anterior thigh. Towels or a tubular stockinet placed on the Thomas 
splint with safety pins support the leg, as shown in Fig. 7-6.

3. Hare splints and Roller splints are also commercially available. They 
differ from the Thomas splint only by the foot attachments and leg sup-
ports. They are in widespread use by EMTs.

Figure 7-3. Method for applying Velpeau bandage.
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4. Most precautions relate to complications of fixed skeletal traction and 
are discussed in Chapter 10, VII. Do not leave the temporary splint on 
for more than 2 hours, whenever possible, because the ankle hitch places 
significant pressure on the skin and may produce necrosis.

B. Jones compression splint
1. Use in acute knee trauma (patellar, knee, and some tibial fractures) and 

acute ankle injuries.
2. Apply by wrapping the injured leg from the toes to the groin in rolled 

cotton. Next, add a single layer of elastic bandage. Apply 5- × 30-in 
plaster splints posteriorly, medially, and laterally to keep the ankle in 
a neutral position. Medial and lateral splints support the knee in the 
desired degree of flexion. Do not overlap the splints, or a circumfer-
ential plaster will be created about the extremity. The splints are then 
overwrapped with bias-cut stockinet or an ACE wrap in a herringbone 
fashion.

3. Precautions
a. Do not apply wraps too tightly.
b. Do not make upper wraps tighter than lower wraps or venous 

return will be impeded, causing swelling and circulatory problems.
4. Although they provide less satisfactory compression, commercial knee 

immobilizers are acceptable in most cases.
C. Short-leg or modified Jones compression splint

1. Use in acute ankle and foot trauma such as ankle sprains, calcaneal 
fractures, and other foot injuries.

2. The splint is applied in a fashion similar to that described for the Jones 
splint except that it does not extend above the tibial tubercle.

3. Precautions are the same as those for the Jones compression splint.

Figure  7-4. Sling-and-swathe bandage, covered by a single layer of plaster to help prevent 
unraveling of the material.
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Figure 7-5. A Collins hitch is a means of applying traction from the ankle to the end of the 
Thomas splint, but it is used only in emergency situations.
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D. Commercial leg and ankle braces
1. Short leg walkers constructed of a rigid foot piece and double uprights 

and secured with Velcro fasteners are available for conditions not requir-
ing more rigid cast immobilization.

2. Lace-up canvas ankle supports with removable aluminum stays are also 
often convenient and useful for ankle sprains and instability.

Figure 7-6. A Thomas splint may be used at the scene of the accident for a fracture of the 
femur.

Figure  7-7. A: A pillow splint may be applied to a leg with a distal injury as a temporary 
measure. B: Board splints may be used for lower-extremity fractures in emergency situations.
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3. Air splints with inflatable medial and lateral supports have recently 
proven extremely useful as supports for ankle sprains and stable fractures 
that are well along in the healing process.

E. Other emergency splints
1. Make-do splints may be used as a temporary measure. One may apply a 

pillow splint, rigid cardboard, magazine, or a wooden splint to the upper 
or lower extremity. A pillow splint for the ankle is shown in Fig. 7-7A.

2. Precautions
a. Avoid circulatory embarrassment by applying splint straps or wraps 

in such a way as to prevent pressure on the skin over a bony promi-
nence or a tourniquet effect to the extremity.

b. Splint
 i. For closed fractures, restore gross limb angulation into better 

alignment before the splint is applied using gentle traction first 
in the direction of the angulation and then in the long axis of the 
limb.

 ii. Restore alignment in the same manner if there is tenting of the 
skin over the injury.

 iii. For open fractures, gross limb alignment should be restored, the 
wound inspected and dressed with sterile technique, and a splint 
applied.

c. Cover exposed bone with a saline- or betadine-moistened sterile 
dressing as first aid treatment.
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 I. MATERIALS AND EQUIPMENT

A. Plaster
1. Plaster bandages and splints are made by impregnating crinoline with 

plaster of paris [(CaSO4)2H2O].1,2 When this material is dipped into 
water, the powdery plaster of paris is transformed into a solid crystalline 
form of gypsum, and heat is given off:

(CaSO4)2H2O + 3H2O  ←→ 2(CaSO4 × 2H2O) + heat
Anhydrous calcium sulfate: Hydrated calcium sulfate:
plaster of paris gypsum

2. The amount of heat given off is determined by the amount of plaster 
applied and the temperature of the water.3,4 The more plaster and the 
hotter the water, the more heat is generated. The interlocking of the 
crystals formed is essential to the strength and rigidity of the cast. Mo-
tion during the critical setting period interferes with this interlocking 
process and reduces the ultimate strength by as much as 77%. The 
interlocking of crystals (the critical setting period) begins, when the plas-
ter reaches the thick creamy stage, becomes a little rubbery, and starts 
losing its wet, shiny appearance. Cast drying occurs by the evaporation 
of the water not required for crystallization. The evaporation from the 
cast surface is influenced by air temperature, humidity, and circulation 
about the cast. Thick casts take longer to dry than thin ones. Strength 
increases as drying occurs.

3. Plaster is available as bandage rolls in widths of 8 in, 6 in, 3 in, and  
2 in and splints in 5-× 45-in, 5-× 30-in, 4-× 15-in, and 3-× 15-in sizes. 
Additives are used to alter the setting time; three variations are available: 
(1) Extra fast setting takes 2 to 4 minutes, (2) fast setting takes 5 to 
6 minutes, and (3) slow setting takes 10 to 18 minutes.

B. Fiberglass cast. Two decades ago, a number of companies developed 
materials to replace plaster of paris as a cast material. Most of these are a 
fiberglass fabric impregnated with polyurethane resin. The prepolymer is 
methylene bisphenyl diisolynate, which is converted to a nontoxic poly-
meric urea substitute. The exothermic reaction does not place the patient’s 
skin at risk for thermal injury.2,5,6 These materials are preferred for most 
orthopaedic applications except in acute fractures in which reduction 
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maintenance is critical. Fiberglass casts provide lower skin pressure when 
compared with plaster casts when properly applied.7

1. Advantages. These materials are strong and lightweight, and resist 
breakdown in water; they are also available in multiple colors and 
patterns.

2. Disadvantages. They are harder to contour than plaster of paris, and 
the polyurethane may irritate the skin. Fiberglass is harder to apply, al-
though the more recently introduced bias stretch material is an improve-
ment. Review in detail the instructions from each manufacturer before 
using the casting materials. Patients are commonly under the impression 
that fiberglass casts can be gotten wet. This is incorrect; if submerged, 
they need to be changed to avoid significant skin maceration. Gore-Tex 
padding material is available to aid in drying of the material, but sub-
mersion of a cast is still to be discouraged.

C. The water. Warm water causes more heat to be given off and affords faster 
setting. Cold water allows for less heat and for slower setting. Plaster of 
paris in the water bucket from previously dipped plaster accelerates the 
setting time of the next plaster cast or splint. The water used for dipping 
should be deep enough to cover the material rolls standing on end.

D. Cast padding
1. Webril has a smooth surface and less tendency for motion within the 

thickness of the padding than some of the other padding materials. It 
requires the most practice to achieve a smooth application, however.

2. Specialist is softer than Webril and contains wood fiber. It has a corru-
gated appearance, and there is more tendency for sliding to occur within 
the material. It is easier to apply without wrinkles than Webril, but it 
becomes very hard if caked with blood.

3. Sof-Roll is a soft padding similar in appearance to Webril but slightly 
thicker. It has greater tear resistance and is therefore easier to stretch.

4. Stockinet
a. Bias-cut stockinet may be used under a cast as a single layer. It is easy 

to apply without wrinkles and is better than tubular stockinet if there 
is a large difference in the maximum and minimum diameters of the 
extremity. Bias-cut stockinet can be made snug throughout, in con-
trast to tubular stockinet, which can be snug in the large diameter of 
the extremity but very loose in the narrow diameter. Plaster sticks to 
the stockinet, so there is no sliding between the cast and the stockinet 
padding.

b. Tubular stockinet is made of the same material as the bias-cut type 
and is available in varying tube sizes from 2 in to 12 in.

5. Felt or Reston should be used to pad bony prominences and for cast 
margins. When padding over bony prominences, such as the anterior 
superior iliac spine, make a cruciate incision in the felt for better 
contouring.

6. Moleskin adhesive can be used to trim cast margins.
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E. Adherent materials. Adherent substances (such as Dow Corning medical 
adhesive B) are applied to prevent slipping and chafing between the skin 
and the padding. They can contribute, however, to an increased amount 
of itching inside the cast. Tincture of benzoin compound should not be 
used in this situation because of fairly frequent skin reactions. Commercial 
adhesive removers are available.

F. Equipment
1. Use a clean bucket. Plaster residue and other particles in the water can 

alter the setting time.
2. Gloves keep hands clean and prevent dry skin if one applies many casts. 

They also make a smoother finish than is achieved by bare hands. They 
are mandatory for working with fiberglass materials.

3. Shoe covers and aprons or gowns keep shoes and clothes clean to 
prevent one from appearing sloppy in plaster-covered attire.

4. Use appropriate draping to maintain the dignity of the patient as well 
as to keep plaster off all areas not casted.

5. Cast cutters
a. The cast-cutting electric saw has an oscillating circular blade that 

cuts firm rigid surfaces, such as casts or bony prominences. When 
lightly touched, the skin vibrates with the blade, but the blade does 
not cut. If the blade is firmly pressed against the skin or dragged 
along it, then it will cut. The saw is noisy and causes considerable 
anxiety, especially in children. Therefore, it is wise to show younger 
patients that cast saws are safe by touching the blade to the palm 
of the hand. Playing music in the cast room has been shown to 
decrease anxiety in children having casts removed.8 The cast saw 
causes dust to fly; consequently, use of this tool is best avoided in 
clean operating rooms. In addition, cast saws can cut skin if applied 
with excessive force, so it is unwise to use them on anesthetized 
patients.

b. Hand cutters are useful when a saw is not available or to avoid 
frightening a child with the noise of the saw, to lessen the amount of 
plaster dust in the operating room, and to remove damp plaster.

6. Cast spreaders are used to open the cut edges of a cast for access to 
underlying cast padding, which is then cut with scissors. Spreaders come 
in various sizes for large and small casts.

7. Cast knives have sharp blades and preferably have large handles for 
better control. Sharp blades are essential; therefore, most practitioners 
prefer to use no. 22 disposable surgical blades.

8. Cast benders adjust cast edges to relieve skin binding and pressure.
9. Cast dryers blow warm to hot air around a plaster cast. They are gener-

ally not necessary. An exposed cast and a fan work just as well and are 
safer. Cast dryers can burn skin and tend to hasten the drying time of 
the outer layers only.
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 II. BASIC PRINCIPLES OF CAST APPLICATION

A. Casts are used for the following purposes:
1. To immobilize fractures, dislocations, injured ligaments, and joints; 

to provide relief from pain caused by infections and inflammatory pro-
cesses; and to facilitate healing

2. To allow earlier ambulation by stabilizing fractures of the spine or 
lower extremities

3. To improve function by stabilizing or positioning a joint, such as for 
wrist drop after a radial nerve injury, which also allows more useful hand 
function

4. To correct deformities, as in serial casting for clubfoot (see Chapter 6 
for the Ponseti technique) or joint contractures

5. To prevent deformity resulting from a neuromuscular imbalance or 
from scoliosis

B. Principles. Although plaster of paris has been used extensively in the treat-
ment of fractures for more than 100 years, there is no unanimity of opinion 
as to the best technique for application. It can be safely concluded that 
even the tightest of skintight casts allows some motion at the fracture site, 
whereas a loosely fitted, well-padded cast with proper three-point fixation 
can provide satisfactory immobilization. Three points of force are produced 
by the practitioner, who molds the cast firmly against the proximal and 
distal portions of the extremity (two of the points) and locates the third 
point directly opposite the apex of the cast, as shown in Fig. 8-1. Periosteal 
or other soft-tissue attachments usually are required on the convex side of 
the cast to provide stability. In this way, a curved cast can provide a straight 
alignment of the extremity within it. Charnley has stated, “If a fracture slips 
in a well-applied plaster, then the fracture was mechanically unsuitable for 
treatment by plaster, and another mechanical principle should have been 

Figure 8-1. A: Three-point plaster fixation will stabilize a fracture when the soft tissue bridg-
ing the fracture acts as a hinge under tension. B: If the three forces are applied in the wrong 
direction, the fracture displaces.
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chosen.” Another method for providing immobilization by plaster is based 
on hydraulics. Fractures of the tibia do not shorten significantly when 
placed in a “total contact” cast. The leg is a cylinder containing mostly 
fluid, and when this water column is encased in rigid plaster, the cylinder 
does not shorten in height because tissue fluid is not compressible.

C. The following application techniques have been satisfactory in our hands:
1. The patient is informed of the procedure and instructed in whatever 

cooperation is necessary.
2. The surgeon or cast technician must have clearly in mind what to do 

and what will be required (the position of the patient and assistants, 
how many rolls of plaster will be needed, tools to trim the cast edges, 
etc.). All materials and equipments required to do the job properly 
should be assembled. (Once cast application starts, it is difficult to stop 
and obtain something that was forgotten.) The patient’s position must 
be comfortable and must allow the surgeon and assistant to apply the 
cast expeditiously. Special maneuvers required to perform and hold the 
reduction are rehearsed.

3. A circular cast should not be used in fresh trauma or postoperatively 
when one anticipates swelling, unless the cast is bivalved or split initially 
and provisions are made for adequate observation.
a. Adequate observation means an examination by a competent 

observer at least once hourly until any swelling begins to recede. 
Signs of compartmental syndrome, in order of importance, are the 
following: Increasing pain and discomfort in the extremity, increas-
ing tenseness or tenderness in the involved compartment, pain with 
passive range of motion of the muscle in the involved compartment, 
decreasing sensation—especially to two-point discrimination and 
light touch—in the distribution of the nerves that travel through the 
involved compartment, increasing peripheral edema, and, finally, 
decreasing capillary filling. Good peripheral circulation with distal 
arterial pulses is no assurance that a compartment syndrome is 
not developing (see Chapter 3, III).

b. An excellent alternative to plaster casts in this situation is a Jones 
compression splint, as described in Chapter 7, III.B and C.

4. If unexpected swelling occurs in a circular cast, bivalve or split the 
cast immediately all the way to the patient’s skin as described in later in 
this chapter IV.B and C.

5. Unless specifically contraindicated, clean the part to be casted with soap 
and water, then dry it with alcohol. Apply the cast over a single layer of 
cast padding with edges of the material minimally overlapping. Protect 
unusual bony prominences with a ¼-in felt or foam rubber padding.

6. Dip the plaster or fiberglass rolls in water by placing them on end, 
and this allows air to escape and results in complete soaking of the plas-
ter. The bandages are sufficiently soaked when the bubbling stops. They 
can be left in the water up to 4 minutes without decreasing the strength 
of the cast, but the setting time decreases with the length of time they 
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are immersed. Therefore, for maximum working time, remove bandages 
soon after the bubbling stops. Lightly crimping the ends of the plaster 
bandages helps prevent telescoping of the roll.

7. Except for very large casts (e.g., body casts and spicas), all plaster ban-
dages should be dipped and removed from the water at the same 
time. Thus, all the plaster in the cast is at the same point in the setting 
process. This scheme maximizes the interlocking of the crystals between 
the layers of plaster, thereby maximizing the strength of the cast. In ad-
dition, delamination between the bandages is decreased.

8. Use cool water for larger casts when more time is needed to apply all 
the plaster or fiberglass, and use warm water for smaller casts or splints. 
Never use hot water because enough heat can be generated to burn 
the patient.9 Similarly, do not place limbs with fresh casts onto plastic-
covered pillows; these tend to hamper heat dispersion significantly and 
may result in burning. If the patient complains of burning, it is prudent 
to remove the cast immediately and reapply using cooler water.

9. Keep the plaster bandage on the cast padding, lifting it off only to tuck 
and change directions—that is, to push the plaster roll around the pa-
tient’s body or extremity. Use the largest bandages, usually 4- and 6-in 
bandage rolls, that are consistent with smooth, easy applications. Using 
large bandages allows the fastest application of plaster and provides suf-
ficient time for molding before the critical setting period. Six or seven 
layers of plaster or two to three layers of fiberglass usually are sufficient, 
except in patients who are particularly hard on casts. The cast should 
be of uniform thickness (seven layers or ¼ in). Avoid concentrating the 
plaster about the fracture or the middle of the cast. Avoid placing two 
circumferential rolls directly on top of each other while wrapping the 
plaster on the patient’s extremity. Reinforce casts where they cross joints 
by incorporating plaster or fiberglass splints longitudinally. Incorporate 
reinforcing plaster splints into body and spica casts as described later in 
this chapter III.B and C).

10. During application of the cast, turn the padding back at the edges of 
the cast and incorporate it. Another method of finishing the edges is 
to turn back the padding after the cast has set and to hold the padding 
down with a single, narrow, plaster splint; a row of ordinary staples; or 
moleskin.

11. Apply all the material rapidly so there is time to work and mold it 
before the critical setting period. The cast should have a sculptured look, 
not only for cosmetic reasons but also for comfort. If the fracture is to 
be stabilized by the three-point fixation principle, it is more important 
to maintain the three forces of pressure on the cast during the critical 
setting period than to have a perfectly smooth surface on the cast. This 
step is more difficult for fiberglass casts.

12. Once the critical period of interlocking of crystals begins, molding and 
all motion should stop until the material becomes rigid. Otherwise, the 
cast is weakened considerably.
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13. After the cast sets and becomes rigid, trim the edges using a plaster 
knife or cast saw. Use the knife by supporting the cutting hand on the 
cast and pulling the portion of the plaster to be trimmed up against the 
knife blade rather than blindly cutting through the plaster and possibly 
cutting the patient. If the cast is too thick or hard, an oscillating cast saw 
is preferred.

14. Apply forearm casts to allow full 90° flexion of all metacarpophalangeal 
joints and opposition of the thumb to the index and little fingers.

15. Extend leg casts to support the metatarsal heads, but not to interfere 
with flexion and extension of the toes. This rule is invalid when the toes 
need support (as with fractures of the great toe or metatarsals) or when 
there is a motor or sensory deficit. In these situations, the cast is ex-
tended as a platform to support and protect the toes. Place a ½-in piece 
of sponge rubber beneath the toes and incorporate it into the plaster for 
walking casts, or supply the patient with a commercial cast shoe.

16. Immobilize as few joints as possible, but as a general rule, one immobi-
lizes the joint above and below a fresh fracture.

17. Instruct the patient regarding
a. Signs and symptoms of compression from swelling within the cast
b. Elevation of the injured part above the level of the heart for 2 to 

3 days after the injury
c. How soon to walk on the cast (if appropriate and generally never 

sooner than 24 hours)
d. Instructions for weight bearing and ambulation; this should in-

clude crutch or walker training
e. How to exercise joints not incorporated in plaster
f. Date of the next appointment
g. Person to call in case of cast problems or evidence of a compression 

syndrome

 III. SPECIAL CASTING/SPLINTING TECHNIQUES

A. Use plaster splints when rigid immobilization is not required or when 
significant swelling of the extremity is anticipated.
1. Upper extremity

a. Usually, splint the wrist dorsally by applying a 3-in-wide plaster 
splint over cast padding from the metacarpophalangeal joints to the 
proximal forearm. While the plaster is still wet, wrap the arm with 
bias-cut stockinet or a single layer of an elastic bandage so that the 
plaster conforms to the extremity as it hardens. A dorsal splint may 
be preferable to a volar splint because it allows easier finger and hand 
function. Combined dorsal and volar splints are frequently used 
together; this is preferred and gives better support of the limbs.

b. Splint the elbow with 5- × 30-in plaster wraps applied posteriorly 
with enough distal extension to support the wrist. The splint should 
not go further distally than the distal palmar crease to facilitate 
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metacarpal-phalangeal motion. Apply 3-in plaster strips medially 
and laterally across the elbow for reinforcement. Wrap the arm and 
plaster splint with bias-cut stockinet or a single layer of an elastic 
bandage while the plaster is wet.

2. Lower extremity. Usually make posterior plaster splints in the lower 
extremity by applying a standard cast (knee cylinder, short-leg, or 
long-leg cast, as described in III. D, E, F) and then bivalving the cast 
and retaining only the posterior shell. Hold the posterior splint to the 
leg with bias-cut stockinet or an elastic bandage wrap. Alternatively, 
use 5- × 30-in posterior and medial/lateral splints, leaving the anterior 
aspect of the leg covered only by soft roll.

B. Body casts
1. Apply the basic body jacket over large tubular stockinet. Place ⅛- to 

½-in felt pads over the shoulders (if suspenders are used), costal margins, 
iliac crests including anterior iliac spine, and the dorsal spine. Make a 
cruciate cut in the felt placed over the crests to distribute pressure uni-
formly over the bony prominence. Apply a single layer of plaster snugly 
over the padding. Splints may be used, as shown in Fig. 8-2. If suspend-
ers are required, make a “V” with 5- × 30-in splints. Place the point 
of the “V” between the scapulae and bring the ends over the shoulders. 

Figure  8-2. Typical application of plaster splints for a body jacket. The splints are placed 
closer together in the lower aspect of the body jacket. The splints are numbered in order of 
application.
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Snugly apply rolled plaster over the splints and mold. Usually extend 
the jacket posteriorly from the top of the sacrum to the inferior angle 
of the scapulae and anteriorly from the symphysis pubis to the sternal 
notch. Body jackets may be applied with the lumbar spine in flexion 
or extension as well as the neutral position. For hyperextension body 
jackets, often used in thoracolumbar fractures, use the Goldwaite iron 
apparatus for positioning, as in Fig. 8-3.

2. The Minerva body jacket is named after the goddess Minerva, who 
sprang forth from Jupiter’s head when it was cleaved by Vulcan in an 
attempt to relieve Jupiter’s headaches. Minerva appeared chanting a tri-
umphant song and wearing a large metal headdress. The Minerva body 
jacket incorporates the skull and is used to immobilize the cervical spine; 
its most frequent application is in children. This type of jacket is applied 
in the same manner as the body jacket, but also calls for the following 
steps. Place a fluted felt pad around the entire neck, with the neck halter 
traction over the padding. Tie the halter straps at the ear level to prevent 
the halter’s slipping off the head. Place another felt pad along the length 
of the spine and the occiput. Wrap the rest of the head with 3-in sheet 
cotton padding. At least two operators are necessary for even application 
of the plaster, one for the head and one for the body. Roll 3-in plaster 
bandages about the head and neck. Apply narrow splints around the 
chin, neck, occiput, and forehead. Use wide splints all the way from 
the sacrum to the occiput, with another wide splint extending from the 
chest to the chin. Incorporate these splints into the cast by snugly wrap-
ping plaster bandages over them. Then mold together the plaster about 

Figure 8-3. Goldwaite irons, used to make a hyperextension plaster body jacket. The irons are 
removed after the cast is set.
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the head, neck, and body at the same time. Carefully mold beneath the 
mandible. Cut the plaster in a “V” to release the chin and also cut out 
about the ears and face (Fig. 8-4, inset). Trim the plaster above the jaw 
line and leave the eyebrows exposed. A Minerva body jacket is useful in 
children and when cervical or halo vests (Fig. 8-4) orthoses are not ap-
propriate or available.

3. Other types of body jackets
a. A Risser localizer cast is occasionally used for scoliotic spines or 

for patients with thoracolumbar fractures. Apply a pelvic plaster 
mold first; then attach pelvic and head halter traction. Make a 
pressure pad with felt backed by four to six layers of plaster. Pro-
duce or hold correction of the scoliosis by applying this pad against 
the apical ribs and incorporating it into the body jacket that in-
corporates the jaw, neck, and occiput, but not the head. Make the 
surface of the pressure area large enough to avoid local necrosis of 
the skin.

b. Halo traction can be incorporated into a plaster or fiberglass body 
jacket with suspenders, and it provides continuous or fixed cervical 
traction (Fig. 8-5). The halo traction is more commonly incor-
porated into a sheepskin-lined plastic body jacket, which is more 
lightweight and comfortable (Fig. 8-6).

Figure 8-4. Completed Minerva body jacket.
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C. Spica is a Latin word that means “ear of wheat” because a spica wrap was 
used to wrap sheaves of wheat in the fields. The same type of wrap is used 
to immobilize proximal joints with the spica cast. Various types of spica 
casts are described here.
1. Pad a bilateral short-leg (panty) spica in much the same way as for 

the body jacket, but include the legs. These casts are generally applied 
on fracture tables (adults) or spica boards (children). Use tubular or 
bias-cut stockinet. Pad bony prominences with ⅛- to ½-in felt with 
cruciate incisions. Apply plaster or fiberglass to the upper portion of 
the cast as is done with the body jacket. Reinforce the hips with splints 
as shown in Fig. 8-7. Apply plaster or fiberglass well next to the peri-
neal post under the sacrum to avoid weakness in the area (the intern’s 
triangle). Snugly tie the splints in with plaster or fiberglass bandage 
rolls extending to the supracondylar portion of the femurs. Mold the 
material well over the iliac crests. The patient may be lifted from the 
table with the sacral rest still in the plaster. Turn the patient on his or 
her abdomen and cut out the sacral rest. Trim the edges of the cast in 
the usual manner.

2. Examples of long-leg hip spicas are shown in Fig. 8-8. Apply the leg 
portion of the cast like any other long-leg cast, using the special splints 
about the hips as described for the short-leg spica. Support the casted 
extremities with struts, which are usually made of wooden stakes (¼ in 
× 2 in or ¾ in × ½ in) or dowels. Cover with plaster or fiberglass and 
attach them to the casted extremity by wrapping a bandage in a cordlike 

Figure 8-5. Halo traction cast. (From Bleck EE, Duckworth L, Hunter N. Atlas of Plaster Cast 
Techniques. 2nd ed. Chicago, IL: Year Book; 1978, with permission.)
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figure-of-8 fashion about the strut and cast, and then roll the bandage 
around the strut and cast to create a well-molded cast. Sedate or anes-
thetize infants and small children before spica cast application; they are 
generally applied in the operating suite.

3. Apply the shoulder spica with the patient standing or supine on a spica 
table that has a metallic backrest. The arm may be supported with finger 
traps, or with a cooperative patient in the sitting or standing position, 
the cast may be applied while an assistant holds the arm. The principles 
of padding and cast application for body jackets and long-arm casts are 
combined to produce a shoulder spica. In addition to the splints nor-
mally used for body and long-arm casts, apply a wide splint from the 
lateral chest, up under the axilla, to the medial side of the arm. Place 

Figure 8-6. A commercially available malleable polyethylene jacket may be substituted for the 
plaster cast for use with the halo apparatus. Patients report this is significantly more comfortable 
than the plaster jacket.
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other splints across the posterior aspect of the arm, over the shoulder, to 
the opposite side. Tie in the splints with rolled plaster or fiberglass and 
place a strut between the arm and the trunk.

D. Knee cylinder casts. Remove all hair from the medial and lateral aspects 
of the lower leg. Spray the leg with a nonallergenic adhesive. Place medial 
and lateral strips of self-adhering foam, moleskin adhesive, or adhesive 
tape on the skin with 6 in to 12 in of the material extending distal to the 
ankle. Then place a cuff of ¼-in sponge rubber or felt padding measuring 
1 inch in width over the strips just above the malleoli. When the strips 
are turned back and incorporated into the fiberglass or plaster, they sus-
pend the cast, and with the thick padding, they prevent pressure on the 
malleoli. Wrap the leg with a single layer of cast padding and apply the 
plaster with the knee flexed 5°. Extend the cast proximally as far as pos-
sible and distally to just above the flare of the malleoli; the length of the 

Figure 8-7. Plaster splints to reinforce hip spicas, in addition to those used in the body jackets.
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cast provides for lateral and medial stability. Mold the plaster or fiberglass 
medially and laterally above the femoral condyles to help prevent the cast 
from sliding distally.

E. Short-leg casts
1. Apply the short-leg cast with the patient sitting on the end of a table 

with the knee flexed 90°. Alternatively, apply it with the patient supine, 
the hip and knee flexed 90°, and the leg supported by an assistant. The 
type of padding matters little, except that Webril and stockinet tend to 
shear less and therefore may allow for a tighter cast over a longer period 
of time. Use only one layer of padding except over the malleoli, where 
extra padding is required frequently. For most casts, have the ankle in 
a neutral position. Two plaster bandages usually are required, and the 
width selected (3 in, 4 in, or 6 in) varies with the size of the patient. 
Fold 4-in splints longitudinally in half, and place one splint on all four 
sides of the ankle for reinforcement before applying the second plaster 
bandage. Extend the cast distally from the metatarsophalangeal joints 
and proximally to one finger breadth below the tibial tubercle. Trim the 
edges and pad as previously described.

Figure 8-8. Long-leg hip spicas. A: One and one-half spica. B: Double spica.
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2. If desired, a walking cast may be made with either a rubber rocker 
walker or a stirrup walker. Place either one in the midportion of the 
longitudinal arch of the foot in line with the anterior border of the tibia. 
With a rocker walker, the medial longitudinal arch is filled with plaster 
splints to make a flat base. Then the walker is secured with a third plas-
ter bandage. Commercially available walking shoes (or boots), which 
fit over the casted foot, are more widely used. A flat plaster base on the 
plantar aspect of the cast is required for these shoes (or cast boots). If 
the ankle must be held in equinus (such as required for cast treatment 
of an Achilles tendon rupture), a stirrup walker is advantageous, and the 
patient’s opposite shoe should be adjusted to the appropriate height for 
walking. All walking casts should dry for at least 24 hours before weight 
bearing.

F. Long-leg casts
1. First apply a short-leg cast as described earlier (III.E.1). Then extend 

the knee to the position desired and continue the cast padding to the 
groin. Two 6-in plasters or fiberglass bandages usually are required for 
the upper portion of this cast except in patients with heavy thighs. After 

Figure 8-8. C: Single spica. For all long-leg spica casts, it is important to keep the hip and 
knee gently flexed for patient comfort and ease of positioning. The ankle must be kept in neu-
tral dorsiflexion (D). In children, it is often advisable to stop the cast at the malleoli distally, 
leaving the foot free.
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the first bandage is applied, fold 4- or 5-in splints longitudinally and 
place them medially and laterally across the knee joint for reinforce-
ment. After the second plaster or fiberglass bandage is applied, mold the 
cast medially and laterally in the supracondylar area to help prevent the 
cast from slipping distally when the patient begins to stand.

2. The long-leg walking cast is made as described in III.E.2, but the knee 
must be flexed no more than 5°.

G. Casting techniques of Dehne and Sarmiento
1. The cast treatment programs made popular by Dehne and Sarmiento 

(see Selected Historical Readings) are designed to allow early weight 
bearing of a fractured tibia. The affected leg is placed in a very snug cast 
that maintains the tissue and fluids of the leg within a rigid container. 
Shortening is prevented by the hydraulic principle that fluids are not 
compressible. Thus, the patient can bear weight soon after a fracture 
without excessive further shortening, and fracture healing is benefitted 
by the improved vascularity derived from ambulation. The advocates 
of these casting techniques describe a “total contact cast.” The authors 
believe, however, that all casts to the lower extremities should be total 
contact casts.

2. The long-leg total contact cast as described by Dehne is applied like a 
long-leg walking cast with only minor modifications.
a. Cast the knee in extension. Some patients, however, find this 

position uncomfortable and may require a position with 3° to 5° of 
flexion.

b. This cast may need to be wedged to correct angular deformities of 
the fracture site. For this reason, apply one or two extra layers of the 
Webril at the fracture site.

3. The below-the-knee total contact, or patellar tendon-bearing, cast is 
applied much as a regular short-leg walking cast is, with the following 
modifications (Fig. 8-9):
a. Keep the affected limb in a long-leg cast or a Jones compression 

splint until the swelling subsides (2 to 4 weeks).
b. Apply the cast padding to the lower leg and extend to 2 in proxi-

mal to the superior pole of the patella.
c. First apply a short-leg cast and extend it to just inferior to the tibial 

tubercle. Sarmiento suggests molding the cast into a triangular 
shape, with the sides of the triangle formed by the anterior tibial 
surface, the lateral peroneal muscle mass, and the posterior aspect of 
the leg.

d. Then have the assistant position the knee in 40° to 45° of flexion. 
The quadriceps muscles must be completely relaxed. Use a 4-in ban-
dage of plaster to extend the cast to the superior pole of the patella. 
Mold carefully over the medial tibial flare as well as into the patellar 
tendon and the popliteal fossa. The lateral wings should be as high as 
possible. Trim the posterior portion of the cast to one fingerbreadth 
or ½ in below the level of the cast indentation that was made anteri-
orly into the patellar tendon. The posterior wall of the cast should be 
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low enough to allow 90° of knee flexion without having the cast edge 
rub on the hamstring tendons. These casts generally require the use 
of plaster because of the critical molding involved, which is difficult 
with fiberglass.

e. If angulation occurs at the fracture site with this cast, replace rather 
than wedge the cast. If the patient ambulates well enough to main-
tain muscle bulk, the original cast may not need to be replaced.

f. Do not switch from a below-the-knee total contact cast to a regu-
lar short-leg cast at some point midway in the healing phase of the 
fracture because a regular short-leg cast offers no rotational stability. 
Evidence has shown that this type of cast is no more effective in im-
mobilizing tibia fractures than a standard short-leg cast.10

Figure 8-9. Completed below-the-knee total contact cast.
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4. The authors believe that a long-leg weight-bearing cast is easier and 
safer (in regard to skin and fracture complications) for most indi-
viduals to apply than the below-the-knee total contact cast. Compar-
ing the treatment results published in the literature provides no evidence 
that one technique is superior to the other. The theoretic advantage of 
providing knee motion with the Sarmiento technique is offset by the 
expertise required to apply this cast properly.

5. Begin weight bearing at 24 to 36 hours after plaster cast application 
when the patient can tolerate it; patients with fiberglass casts can be 
encouraged to weight bear 3 to 6 hours after casting.

H. Knee cast-brace
1. A cast-brace is a casting device for the treatment of fractures of the 

distal femur or tibial plateau, which are not considered appropriate for 
operative management, generally in high-risk patients. Occasionally, 
a cast-brace is applied after 1 to 3 weeks of traction, with the patient 
remaining in the hospital for a short period after the brace is applied. 
Thus, the hospital stay can be as long as 2 to 4 weeks. This treatment is 
used rarely for the most compromised patient and where resources do 
not permit operative management. In addition, this technique allows 
mobility of the knee during the healing phase, so less physical therapy is 
needed to regain knee motion when the fracture is healed. These devices 
have generally been replaced by commercially available hinged knee 
braces.

2. Technique
a. Two people are required for application. After the patient is lightly 

sedated, roll an elastic tubular stockinet over the leg. While an as-
sistant holds the leg, apply plaster over the thigh to within 2.5 cm of 
the ischial tuberosity and the perineum. Extend the plaster distally 
to the superior pole of the patella but with enough clearance for 
full knee extension and flexion to 70°. Then apply a short-leg cast. 
Make the plantar aspect of the cast flat for ambulation in a walking 
shoe.

b. Position two polycentric or cable knee hinge joints 2 cm posterior 
to the midline of the limb at the level of the abductor tubercle. Use 
large hose clamps to secure the hinge joints to the cast temporarily. A 
jig is helpful to keep these joints parallel. Evaluate knee motion and 
make adjustments before securing the uprights with plaster.

 i. If the roentgenograms show satisfactory alignment of the frac-
ture, start the patient on progressive ambulation with “touch 
down” weight bearing. If a knee effusion develops, instruct the 
patient to elevate the limb for 15 minutes of every hour. Once 
adequate fracture consolidation is demonstrated, the patient can 
be encouraged to bear weight.

 ii. If the alignment of the fracture is not satisfactory, remove the 
cast-brace and temporarily reinstitute traction treatment. Con-
sider continuing standard traction therapy, reattempting a cast-
brace again in 2 to 3 weeks, or performing internal fixation.
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 IV. CUTTING, BIVALVING, SPLITTING, AND REMOVING CASTS

A. General techniques
1. In removing or splitting casts, use the oscillating saw. Reassure the 

patient by giving a cast saw demonstration before actually cutting the 
cast. Stabilize the hand holding the electric saw on the cast, and push 
the blade through just the plaster or fiberglass with short repetitive 
strokes, as shown in Fig. 8-10. Avoid bony prominences as the cast saw 
can cut into the skin over them. Fiberglass casts with thin padding are at 
the highest risk for thermal injury of the skin during removal, whereas 
plaster casts with thicker padding are at the lowest risk.11

2. Windows may be cut from the cast to expose wounds. The windows 
must be replaced, however, and rewrapped with either a new plaster or 
an elastic bandage to prevent local edema.

B. Should unexpected swelling occur, bivalve the cast. Bivalving is superior 
to simply splitting the cast. The technique consists of cutting the plaster 
as well as the cast padding on both sides of the extremity. The anterior and 
posterior parts of the cast can be held in place with bias-cut stockinet or an 
elastic bandage. Advantages of this technique are that the anterior half of 
the cast may be removed to inspect the compartments and that complete 
anterior, posterior, and circumferential compression is relieved.

C. Splitting a cast requires cutting a ½-in strip of plaster from the full length 
of the cast; otherwise, the proximal aspect of the plaster may act as a cir-
cumferential tourniquet.2 Again, divide the plaster and padding down to 
the skin because soft dressing might also cause constriction. In the case of 
the lower extremity, the cast is split anteriorly with a diamond-shaped sec-
tion of plaster removed from the anterior aspect of the ankle. Spread the 
cast for relief of the symptoms. Pad the area with felt where the strip of 
plaster was removed and overwrap with a rubber elastic bandage to avoid 
local edema. This technique is not as satisfactory as bivalving a cast, but 
is often appropriate for managing postoperative swelling.

Figure 8-10. Saw-cutting technique that avoids skin laceration.
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 V. ADHESIVE STRAPPING AND BANDAGING

A. Terminology
1. Use adhesive strapping (taping) for the possible prevention and treat-

ment of athletic injuries. Use strips of adhesive tape instead of one 
continuous winding.

2. Bandaging (wrapping) uses nonadhesive materials (gauze, cotton cloth, 
and elastic wrapping) in the treatment of athletic injuries. Employ one 
continuous unwinding of material.

B. Adhesive strapping
1. Purposes of strapping

a. To protect and secure protective devices
b. To hold dressings in place
c. To limit motion
d. To support and stabilize

2. Construction factors
a. Tape grade (backing material). Heavy backing materials have 85 

longitudinal fibers per square inch and 65 vertical fibers per square 
inch. Lighter grades have 65 longitudinal fibers per square inch and 
45 vertical fibers per square inch. Store the tape in a cool, dry place. 
Keep the tape standing on end and not on its side to prevent defor-
mation of the roll.

b. Adhesives. Use a rubber-based spray-on adhesive primarily with ath-
letes because strength of backing, superior adhesion, and economy 
are needed. Use acrylic adhesives in surgical dressing applications 
because a high degree of backing and superior adhesion are not the 
primary requirements.

3. Application and removal
a. Preparation

 i. Clean the skin with soap and water, and dry.
 ii. Remove all hair to prevent irritation.
 iii. Treat all cuts and wounds.
 iv. Apply a nonallergic skin adherent.
 v. Position properly.

b. Size of tape
 i. Use ¼- to 1-in tape on fingers, hands, and toes.
 ii. Use 1¼- or 1½-in tape on ankles, lower legs, forearms, and 

elbows.
 iii. Use 2- or 3-in tape on large areas, knees, and thighs.

c. Rules of application
 i. Avoid continuous strapping because this causes constriction. 

Use one turn at a time and tear after overlapping the starting end 
of the tape by 1 in.

 ii. Smooth and mold the tape as it is laid on the skin.
 iii. Overlap the tape at least one half its width over the tape below.
 iv. Allow the tape to fit the natural contour of the skin—that is, let 

it fall naturally and avoid bending around acute angles.
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 v. Keep the tape roll in one hand and tear it with the fingers.
 vi. Keep constant and even unwinding tension.
 vii. For best support, strap directly over the skin.

d. Techniques for removal
 i. Remove the tape along the longitudinal axis rather than across it. 

If near a wound, pull toward the wound, not away from it.
 ii. Peel the tape back by holding the skin taut and pushing the skin 

away from the tape rather than by pulling the tape from the skin.
4. Skin reactions. Most tape reactions are mechanical, not allergic. Aller-

gic reactions are characterized by erythema, edema, papules, and vesicles. 
Test for an allergic reaction by patch testing. It may be helpful to consult 
the dermatology service for assistance in doing this testing. If the test is 
positive, the above signs manifest themselves within 24 to 48 hours.
a. Mechanical irritation is produced when tape is removed from the 

skin. It frequently occurs as a result of shearing the skin when the 
tape is applied in tension or used for maintaining traction. Such ap-
plication induces vasodilation and an intense reddening of the skin, 
which disappears shortly after tape removal. The reaction is due to 
simple skin stripping—that is, direct trauma to the outer skin layers 
resulting in loss of cells.

b. Chemical irritation occurs when components in adhesive mass 
or the backing of the tape permeate the underlying tissues. This 
irritation has been largely eliminated through tape manufacturing 
processes.

c. Another irritative effect is localized inhibition of sweating, and this 
is corrected by the use of nonocclusive (porous) tape.

C. Bandaging
1. Purposes of bandaging

a. To hold dressing in place over external wounds
b. To apply compression pressure over injuries and thus control 

hemorrhage
c. To secure splints in place
d. To immobilize or limit motion of injured parts

2. Materials
a. Gauze, which holds dressings in place over wounds or acts as a pro-

tective layer for strapping
b. Cotton cloth for support wrapping or dressing
c. Elastic wrapping for compression wrapping or dressing

D. Medicated bandage

1. The medicated bandage (Unna boot) contains zinc oxide, calamine, 
glycerine, and gelatin, and it is usually indicated for lower extremity 
areas of skin loss that require protection and support. This type of sup-
port dressing prevents edema and allows ambulation in patients with 
known venous conditions at the time of cast removal.

2. Application
a. Cleanse the area and position the ankle at an appropriate angle.
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b. Make a circular turn with the medicated bandage around the foot 
and direct the bandage obliquely over the heel. Then cut the ban-
dage. This procedure ensures a flat surface.

c. Repeat until the heel is adequately covered. Make the first layer snug 
and apply the roll in a pressure-gradient manner; that is, apply the 
greatest pressure distally with progressively diminishing pressure over 
the upper leg.

d. Do not reverse any turns because the ridges formed may cause dis-
comfort as the bandage hardens. Ensure that each turn overlaps one 
half of a preceding turn. Avoid winding the bandage on too tightly.

e. Cover the leg approximately three times and extend the bandage 1 
in to 2 in below the knee; otherwise, the bandage may slip toward the 
ankle. Allow the bandage to harden. Prevent soiling of clothing with 
gauze or stockinet over the medicated bandage. Leave the bandage 
on for 3 to 7 days, and repeat treatment if necessary.

 VI. JOINT MOBILIZATION

A. Following cast removal
1. While the cast is still on, range-of-motion exercises of the adjacent 

joints not immobilized and isometric exercises for the immobilized 
muscles (e.g., weight bearing in a cast) serve both to improve nutrition 
and to decrease atrophy of articular cartilage, bone, and muscle. Edema 
and the rehabilitation required after cast removal are also minimized.

2. Warn the patient that after removal of any cast from a lower extrem-
ity, some swelling is normal.

3. Once the cast is removed, an elastic stocking or bandage is desirable for 
support.
a. Prescribe a specific exercise program to increase the range of mo-

tion. Moist heat, such as a bath or whirlpool, may help mobilize the 
joint. Referral to a physical therapist is often advisable.

b. If swelling appears to be a problem, contrast baths may be indi-
cated (the 3-3-3 treatment): rest 3 minutes in cool water, exercise  
3 minutes in warm water, repeat 3 times; follow with 30 minutes of 
elevation. Repeat the entire process three times daily.

c. Active exercise is the key to success. Passive range-of-motion exercise 
too frequently becomes a repeated manipulation. Manipulation un-
der anesthesia is occasionally necessary, but this should be followed 
with an aggressive inpatient therapy program.

B. It is not always true that the sooner the joints adjacent to a fracture are 
mobilized, the better the range of motion obtained. The following factors 
must be considered:
1. Fractures not involving articular surfaces

a. Joint movement is slow to return and poor in range if attempted 
movement produces pain, associated muscle spasm, and involuntary 
splinting.
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b. Early joint movement can delay fracture healing if fixation is not 
rigid.

c. A normal joint tolerates longer periods of immobilization. The 
“safe” period of immobilization coincides well with the normal 
time necessary for adjacent fracture healing. Only in the older pa-
tient with degenerative changes in the joint is there a likelihood of 
intra- articular adhesions and periarticular stiffening, even with short 
periods of immobilization.

d. Some joints may tolerate immobilization better than others, but 
this presumption is not well documented.

e. Postinjury or postcasting edema is “glue.” The area is soon infil-
trated with young fibroblasts. Excessive formation of collagen causes 
early and frequent permanent stiffness, especially when collateral 
ligaments are immobilized in a shortened position (e.g., metacarpo-
phalangeal joints).

f. Isometric exercises within the cast are recommended. Allow the 
muscles to move within the limits of the cast.

2. Fractures involving articular surfaces
a. Reduce intra-articular fractures anatomically if possible. If opera-

tive intervention is indicated, then a goal of internal fixation is to 
allow range-of-motion exercises or continuous passive motion within 
the first 2 or 3 days postoperatively.

b. If anatomic restitution cannot be achieved, then early motion may 
allow mobile fragments to be molded into a better position. This 
motion should improve the potential of fibrocartilage resurfacing. 
Early movement is difficult to define, but some movement should 
be started within the first week.

3. Between these two groups, there is a considerable degree of overlap. If 
it is anticipated that a complicated and often incomplete open reduction 
and internal fixation is not secure enough to allow early movement of 
the joint, then it may be better to treat the fracture nonoperatively. The 
objective is the best possible final range of movement.
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 I. The orthopaedic unit must present a warm, friendly, and quiet atmosphere 
as an essential part of the treatment program. Most patients who enter the 
hospital are anxious and need reassurance from everyone on the unit. To have 
an effective team, it is necessary for each individual to understand the goals 
of the treatment program for each patient. Therefore, careful communication 
is required, as is recognition that the best run orthopaedic services are those 
that involve all of the personnel in the decision-making process. To maintain 
the best possible environment for patients and to ease the problems of com-
munication, it is helpful to schedule and standardize activities and procedures. 
This principle is even more important with the current emphasis on shortened 
length of hospital stay.

 II. ROUNDS

Rounds are important in that they constitute an evaluation for the benefit 
of the patient and an educational experience for all of the participants. Be 
certain that the best interests of the patient are not sacrificed for education. 
The knowledge that any word, or nonverbal cue, uttered in the presence of the 
patient can stimulate a reaction in him or her is fundamental to the art of heal-
ing. The focus of the language must center on the treatment of the patient and 
the disease process. Fascination, preoccupation, or engagement of the disease 
(or language to that effect) must be avoided. The patient must be regarded and 
respected, and all allusions to the disease or the treatment must be framed as a 
focus on the patient. The patient must be made to feel that he or she is receiv-
ing sympathetic attention as a living human being rather than being scrutinized 
like a specimen. This does not necessarily mean that scientific discussion is 
inappropriate at the bedside. However, in general, a highly technical debate or 
lengthy discussion should be conducted away from the bedside and out of the 
patient’s hearing range or the patient should be offered an explanation of the 
context of the discussion in terms they can understand.
A. The approach to the patient must be direct and personal. Properly con-

ducted, it can be an excellent teaching experience for those in attendance 
and help the patient understand his or her problems more completely. If 
the leader of the rounds addresses the patient with friendly words of inquiry 
or explanation, and with permission enters into the discussion, the patient 
tolerates or welcomes clinical discussions. Indeed, when managed along 
these lines, most patients, instead of resenting visitations from large groups, 
may relish the attention they are attracting and enjoy participating in the 
process.
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B. Present case histories at bedside only with the patient’s permission. 
Devote attention to examining the patient, giving advice, or obtaining 
further history. The medical student, resident, and nurse who are to report 
on or present the case should take a position opposite to that of the attend-
ing physician at the bedside. Refer to patients by name. References to age, 
sex, or race are out of place unless essential to the discussion and cannot be 
perceived by those in attendance.

C. Sensitive humor can be beneficial as long as the patient shares it. This is an 
art, carefully administered. Laughter can be cruel when the patient thinks 
that it is directed toward him or her.

D. The head nurse should be an integral part of rounds. The nurse prepares 
for rounds as well as participates in them. When the patient is examined, 
the nurse should take a station at the head of the bed to promote the com-
fort of the patient during the examination. The doctors and students have 
much to learn from the nurse in charge. Personal privacy is very important, 
and is becoming more so; before starting rounds, the nurse or the assistant 
should ask visitors (except close adult members of the family) to leave the 
patient’s bedside. The radio or television set is lowered in volume or turned 
off. Each member of the team performs his or her role with dispatch so that 
the whole activity runs smoothly and gives an impression of efficiency and 
dignity to patients and visitors.

E. Consultations are an important part of patient care and are usually or-
dered by the attending physician with a statement as to the current care, 
opinions, and so on. One of the team members should directly contact 
the consultant to relay the purpose for the consult and any other pertinent 
information. Make every effort to assist the consultant. Frame the question, 
anticipate the need, and provide the data. When the consultant enters the 
patient’s room, the resident or nurse assigned to the case should introduce 
the patient and explain the purpose of the visit. The resident should know 
the relevant findings, plan, and appropriate controversies. Discuss the plan 
with resident or staff before rounds.

 III. WORKUP ROUTINES

A. Many institutions have converted to an electronic medical record (EMR). 
The EMR is a powerful tool. Spend time early on developing templates for 
routine tasks: consult notes, admit H & Ps, progress notes, brief op notes, 
and so on.

1. When using templates, use caution and remember that each patient is 
unique and your documentation should reflect this.

2. Avoid adding extraneous information; be thorough but concise.
3. Resist the temptation to cut and paste. Your notes should be your notes.
4. Many lab values and imaging reports are within hospital computer 

systems. Learn these systems (if you do not know them already). Be pre-
pared to retrieve critical reports and results, anticipating for your team 
what will be necessary for the smooth running of the ward, preoperative 
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preparation, and diagnostic problems. Help your team to refocus and 
address the changing needs of the patients.

5. Comply with HIPPA regulations. Only view the medical records of 
those patients for whom you are providing care. Physicians have lost 
their privileges for violating these rules.

B. Either before or as soon as possible after admission, the house officer should 
conduct a complete history and physical examination of the patient. 
This workup should be reviewed, corrected, amended, and signed by the 
chief resident and attending physician within 24 hours. The authors prefer 
problem-oriented medical records. An example of the initial record follows:

1. Database
2. Chief complaint
3. History of present illness, including relevant aspects of the injury 

mechanism, which can explain and anticipate elements of the soft-
tissue and bony injuries

4. Patient profile
a. Medical history
b. Medications
c. Allergies
d. Family history
e. Social history (include smoking, alcohol, and drug use history)
f. Relevant vocations and avocations
g. Hand dominance, as appropriate

5. Review of systems
6. Physical examination (It is of utmost importance to include a base-

line, detailed neurovascular examination of the involved extremity/
extremities.)

7. Laboratory reports
8. Imaging findings, remaining imaging (pending), or imaging plan
9. Inpatient problem list, which should be maintained in the outpatient 

care record
10. An initial plan keyed by number to the inpatient problem list

a. Diagnostic plan
b. Therapeutic plan

 i. Lesion-specific (splinting, protections, weight-bearing status)
 ii. General orthopaedic (infection considerations, anticoagula-

tion, rehabilitation, and discharge contingencies)
c. Patient education

C. Anticipate any side effects or complications from either the primary 
problems or the treatment plans and make appropriate provisions for pro-
phylactic medications or other measures. Plan ahead to keep the patient as 
comfortable as possible. Use every moment of hospitalization optimally.

D. Write progress notes as often as there is any change in the patient’s condi-
tion or when a consultation is obtained. The patient should be seen daily 
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and an entry made in the medical record after each visit. The authors prefer 
the problem-oriented style of progress notes. The note should be accom-
panied by a date and time of the entry. After initial impressions have been 
advanced, if there are later complex considerations, trade-offs, and major 
evolutions in the plan will be better understood if dictated as an “Interim 
Summary,” which may look very much like a history with physical, or be 
reduced to a summary of thoughts, trade-offs, discussions, and explanations 
on progress.
1. Narrative notes are numbered and titled according to the inpatient 

problem list and are organized as follows:
a. Subjective data
b. Objective data
c. Assessment
d. Plan

 i. Diagnostic
 ii. Therapeutic
 iii. Patient education

2. Flow sheets are used when data and time relationships are complex
3. Discharge summary

a. Identifying data
b. Dates of admission and discharge
c. Master problem list with the appropriate dates

 i. Use two columns, one headed active problems and one inactive 
problems.

 ii. Give each problem a number. Once a problem is assigned a 
number, whether on an inpatient list or on a master list, do 
not use the number again.

d. List of operations and procedures, including the dates
e. Description of the inpatient problems
f. Physical examination
g. Laboratory data
h. Hospital course for each problem, including laboratory data, treat-

ment, and plans when appropriate
 i. Discharge instructions
 i. Diet, activity, wound cares
 ii. Discharge medications
 iii. Follow-up

 IV. ROUTINE ORDERS AND MANAGEMENT OF INPATIENTS

A. The initial orders should state the following:
1. The condition of the patient
2. The type of activity desired
3. DNR/DNI status

B. Careful attention to diet is an important part of the overall treatment pro-
gram.1–3 It is important to protect patients from too many calories when 
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they are in bed. Hospitalization also provides an excellent opportunity 
for weight-reduction education for obese patients because they can be 
counseled about foods that they may eat in abundance without increasing 
weight. It is usually not possible to reduce the weight of a patient con-
fined to bed unless the caloric intake is restricted to between 600 and 800 
calories per day; this is generally inappropriate during the hospital stay. 
Wound healing in patients with multiple fractures is critically dependent 
on adequate nutrition. Young individuals who have sustained multiple 
fractures may require considerably more in the way of calorie and protein 
supplements1–3; this is particularly true of competitive athletes. Patients who 
are physically active have a much lower overall complication rate; assessing 
the patient’s exercise habits aids in predicting those with increased risk.4 
Hospitalized patients tend to eat poorly and can quickly become vitamin 
C-depleted. Patients should receive vitamin C supplements daily, either IV 
or PO. Prescribe a multivitamin preparation for most patients. If significant 
bleeding has occurred, use therapeutic doses of iron to bring the hemo-
globin level to normal, followed by supplemental doses for a few months 
to replenish the iron stores. Consultation with a dietitian is indicated for 
multiply injured, elderly or obese patients.

C. Consultants. Anticipate the needs of the patient throughout their hospital 
stay and obtain consults when appropriate. Contemporary teaching hos-
pitals are staffed with professionals of many kinds, including pharmacists, 
dieticians, discharge planners, and social workers. In addition, complemen-
tary care has been shown to improve pain control, decrease anxiety, and 
shorten the length of stay.5–7 Use the consultants wisely, anticipate their 
needs, and communicate freely. Help them help you care for the patients.

D. If preoperative preparation is necessary:
1. The injury, the patient’s general health, and the specific needs of the sur-

gical and anesthesia team must be taken into consideration. Know and 
understand the local preferences on preoperative protocols when writing 
for skin preps, specific labs, and tests (ECG, coagulation examinations, 
etc.). Anticipate the need for the surgical consent and help to obtain it, 
if appropriate.

2. The surgical prep often times includes a 10-minute chlorhexidine 
(Hibiclens) or povidone-iodine (Betadine) scrub before surgery.8–10 If 
the patient is ambulatory, the scrub is most easily accomplished by a 
shower with chlorhexidine or hexachlorophene soap at home the night 
before surgery. Shaving of any hair from the operative field be done in 
the preoperative holding area with mechanical shavers. Small nicks or 
lacerations often occur with standard razors and can become colonized 
and increase the risk of a postoperative infection.8 Fracture blisters 
should be kept intact and dressed sterilely preoperatively. As long as 
they are not blood-filled, they do not predispose to an increased risk of 
infection.11–13

3. Laboratory data. Patients undergoing a surgical procedure usually 
have a hemoglobin test within 30 days of surgery. In patients with 
a history of infection related to the planned surgery, the erythrocyte 
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sedimentation rate (ESR) and C-reactive protein (CRP) should be 
obtained. If the age of the patient (generally older than 50 years) or 
the history indicates, a chest roentgenogram and ECG are appropriate. 
Whenever blood transfusion is deemed likely, autologous blood dona-
tion should be considered, but the efficacy and cost-effectiveness remain 
controversial.14,15 This can be set up through the local blood bank. Up 
to three units of blood can be drawn and stored over a 3-week period. 
Generally, a fourth week before the scheduled procedure is allowed for 
recovery. Because this is not possible for acute trauma cases, the use 
of intraoperative suction-collection-filtering-retransfusion (Cell-Saver) 
should be considered. Help your team anticipate these needs.

E. Antibiotics are used for open fractures and should be used prophylacti-
cally for many types of orthopaedic procedures.16–18 For the most part, 
cephazolin is used, 1 to 2 g (based on patient’s weight) approximately 
30 minutes before the skin incision, and continuing 1 g every 8 hours for 
24 hours postoperatively.16,17 For longer cases, Ancef should be re-dosed 
every 4 hours during the procedure.16,17 For those adults who are allergic 
to penicillin or cephalosporins, clindamycin (600 to 900 mg intravenously 
IV every 8 hours) or vancomycin (750 to 1,000 mg IV every 12 hours) is 
appropriate. Vancomycin is also used for patients with a history of MRSA. 
Vancomycin can be associated with hypotension, tachycardia, or flushing, 
so give it slowly. Also, renal toxicity is a major concern, and drug levels 
must be monitored if given for more than a few days. Know the charac-
teristics of the antibiotics used, and obtain a careful history of possible al-
lergies to antibiotics before administration. The use of surgical drains does 
not appear to decrease the risk of deep infection. Careful attention to skin 
preparation at the initiation of the procedure can minimize the risk to the 
patient.

F. Analgesics, sedatives, and hypnotics. Virtually all orthopaedic patients 
admitted for acute problems have pain and anxiety. It is important to make 
the patient comfortable as quickly as possible. Take into consideration the 
size of the patient, the amount of medication received previously, and the 
type of orthopaedic problem or operation causing the pain. The develop-
ment of perioperative pain management protocols has drastically reduced 
postoperative pain and length of stay for elective orthopaedic procedures. 
These multimodal protocols include pre- and postoperative analgesics, anti-
emetics, peripheral nerve blocks, local anesthetic infiltration, nonsteroidal 
anti-inflammatories (NSAIDs), cryotherapy, and neuromuscular electrical 
stimulation.19–24

1. Ideally, the analgesic and sedation regimen should keep the patients 
on a diurnal schedule so that they stay awake during the daytime and 
sleep at night. Sleeplessness is itself debilitating. Patients can tolerate 
considerably more pain or discomfort during the daytime (when there 
are distractions) than at night. For this reason, it is frequently helpful 
to use lighter analgesics during the daytime hours. Allow the nurses 
latitude in administration of such medications. Give ranges and seek 
input for the problems and questions, which inevitably occur. Consider 
augmenting narcotics with nonopiate analgesics or NSAIDs to decrease 
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narcotic use, remembering that the NSAIDs can interfere with the 
metabolic pathways of bone healing. Remember that many interfere 
with platelet activity as well, which is important in the posttraumatic 
and postoperative situations.

2. Analgesics. It is best if the physician can anticipate a patient’s pain 
and its severity because standing orders may then be written on a 
time-related basis to provide adequate patient comfort. However, these 
guidelines must be written conservatively, with enough provision for 
oversight and management to avoid overdosage. The development of 
patient-controlled, parenteral, opiate administration systems has been 
helpful. Consider monitoring the patient with respiratory monitors or 
pulse oximetry. When patients are allowed to titrate small doses of anal-
gesia, they avoid toxicity yet keep their blood levels above the minimum 
effective analgesic concentration. Morphine and hydromorphone (Di-
laudid) are the most widely used drugs with these systems.25 As the effect 
and risk of these drugs is higher (though theoretically more precise) with 
“patient-controlled analgesia,” know the doses and ranges. Dilaudid has 
been shown to be the most appropriate choice for use in the elderly. Be 
conservative and ask about changing recommendations. Many narcotics 
have similar adverse side effects and produce addiction after approxi-
mately 4 weeks. The beneficial effects (analgesia and hypnosis) as well 
as the adverse side effects vary among patients.26

3. Chronic pain. Narcotics are invaluable in the control of pain but 
should be used only by experts in chronic pain problems.27 Consider 
pain clinic consultation for complex problems, conflicting needs, atypi-
cal use problems, or demanding patients. Sharing the responsibility for 
such decisions in highly charged environments is often wise. Anticipate 
the undesirable side effects (such as reducing the cough reflex and 
level of respiration, depressing bladder tone, lowering bowel motility, 
producing nausea, and occasionally, vomiting) and initiate measures to 
counteract them. Counsel the patient to relieve apprehension regarding 
these side effects. The patient will then require lower doses. The reduced 
dose, in turn, decreases the undesirable effects of the analgesics. Patients 
with chronic pain need the help of an anesthesia or pain consultant.

4. Sedatives and hypnotics
a. For patients with severe anxiety, it is frequently helpful to combine 

the analgesics with a sedative or tranquilizing drug. If a patient is 
to undergo physical therapy, avoid muscle relaxants during the day. 
Hydroxyzine (Vistaril), 50 mg by mouth (PO) or intramuscularly 
(IM), is useful in conjunction with analgesics, such as the major nar-
cotics or one of the codeine derivatives (e.g., Tylenol No. 3), to con-
trol the anxiety and decrease the need for large doses of analgesics.

b. Generally provide a hospitalized patient with a hypnotic for sleep. 
The need for sleep and the need for pain relief are separate but 
interrelated. Confer with the nurses about specific needs to avoid 
overmedication. These drugs need to be used with caution, if at all, 
in the elderly.
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G. Prevention of thromboembolism

1. The risk of thrombophlebitis and thromboembolism attends every pa-
tient at rest and is compounded by physical (venous flow) and hemato-
logic changes of inactivity.28 Elderly patients and those undergoing bed 
rest for longer than a day should be put on a prophylactic program.29 
This program may include slight elevation of the foot of the bed, appli-
cation of elastic bandages or TED stockings (applied with care to avoid 
skin complications), application of sequential compression devices, and 
initiating an active muscle exercise program (foot pumps) to stimulate 
circulation through the lower extremities.30,31 High-risk patients in-
clude those with a history of previous thromboembolic disease, previous 
surgery to the lower extremities, or chronic venous disease; patients 
on oral contraceptives; patients with a history of cancer or significant 
fractures (of the pelvis or femur); patients who smoke; or patients un-
dergoing a lower extremity replacement arthroplasty.29 These high-risk 
patients should have prophylactic therapy. Spinal or epidural anesthesia 
may decrease the incidence of deep vein thrombosis (DVT).32,33 Duplex 
ultrasound is an accurate method for DVT screening.34

2. There are many options for the prevention and treatment of the 
patient at risk for thromboembolic phenomena. A useful clinical 
guideline was adopted in 2007 by the American Academy of Ortho-
paedic Surgeons for the prevention of pulmonary embolism in pa-
tients undergoing total hip or knee arthroplasty.35,36 Warfarin, aspirin, 
dextran, heparin, low-molecular-weight heparin, and sequential com-
pression devices have been used in prophylactic treatment. Coumadin 
acts against the vitamin K-dependent clotting factors. Heparin and 
dextran-related (fragmented heparin) drugs are based on the polysac-
charides that anticoagulate via heparin-based mechanisms.37 A third 
alternative, a pentasaccharide (Arixtra), works by similar mechanisms. 
Generally, the more effective anticoagulation, the greater the risk of 
bleeding-related complications, and treating physicians are constantly 
evaluating this fundamental trade-off. Even after many years (even 
decades), there is no consensus on optimal treatment. Furthermore, 
otherwise effective treatments are complicated by administration and 
technical problems. Coumadin, though easily administered, is dif-
ficult and expensive to monitor, whereas the low-molecular-weight 
dextrans (enoxaparin) require less monitoring but require needle-
based injections. For the most part, a plan based on the contingencies 
of the local realities and preferences will exist when the resident’s ser-
vice rotation starts. The actual treatment selected is largely up to the 
surgeon because current studies do not provide conclusive evidence 
to support or discredit any particular therapeutic regimen. Evidence 
has supported the prophylactic use of warfarin, low-molecular-weight 
heparin, aspirin, and/or mobile compression device.35–42 The relative 
risks of embolic disease versus the complications of anticoagulants 
(hemorrhage, subsequent infection) must be weighed for each patient 
undergoing treatment.
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a. If warfarin is chosen for DVT prophylaxis for elective surgery, it may 
be started before or after the procedure. The dose will depend on the 
situation, the patient’s underlying comorbidities such as renal or hepatic 
disease, or preoperative need (such as atrial fibrillation, valvular disease, 
or coagulation disorder). The starting dose may be 2.5 to 10.0 mg 
(depending on the patient). Thereafter, alter the dose to maintain the 
prothrombin time, as determined by international normalized ratio 
at roughly 1.8 to 2.2 times the normal control. Although this time is 
difficult to regulate, when properly managed it gives a very satisfactory 
method in the prevention of fatal pulmonary embolism.

b. If aspirin is chosen, it is started at the surgeon’s discretion based on 
technical consideration of perioperative considerations and risk. The 
student must ask about proper timing. Generally, if aspirin is used 
for chronic anticoagulation, a pediatric-sized aspirin (81 mg) daily 
is enough. Keep in mind the mechanism of aspirin-related platelet 
effects is different and may complicate the use of other methods of 
anticoagulation, either vitamin-K based or heparin based.

c. If low-molecular-weight dextran is selected, check with the phar-
macist or hospitalist for proper dosing.

d. If heparin is selected, the usual dosage is 5,000 IU SQ q8h. It has 
also been given in combination with dihydroergotamine, 0.5 mg IM. 
The treatment is often started at operation. For patients who have 
pelvic or femoral fractures, use subcutaneous heparin preoperatively 
and warfarin to maintain the prothrombin time at 1.5 times control 
level postoperatively.40–42

e. If low-molecular-weight heparin is chosen, the usual starting dose 
is 30 mg SQ q12h.37,41,42 The advantage of this therapy is that no 
monitoring of hematologic parameters is usually necessary although 
platelets should be checked 2 to 3 days after initiating therapy to 
ensure there is no evidence for heparin-induced thrombocytopenia. 
If this is to be continued after discharge, ask the nursing staff to teach 
the patient family home administration techniques.

3. Check with the orthopaedic team, the hospitalists, or pharmacists 
regarding recommendations on monitoring methods, follow-up, and 
guidelines for cessation.

H. Treatment of posttraumatic and postoperative urinary retention. Indica-
tions for bladder catheterization include prolonged anesthesia, poor patient 
mobility, and inability to void. Prolonged anesthesia is defined as a case 
longer than 3 hours, but many surgeons will want a catheter for cases much 
shorter than this. The decision for a catheter is a joint decision between 
the surgeon and the anesthesia team. This decision is more easily made if 
there is good communication between the surgeon and the anesthesia about 
case length, comorbidities, expected blood loss, fluid parameters, trauma 
status, postoperative nursing needs, and so on. If the bladder has been 
overdistended, it takes several days to regain normal tone. If this occurs, 
consider a urologic consult. If the patient requires catheterization, it should 
be done with a small catheter that has a 5-mL balloon. Leave the catheter 
in the bladder and attached to closed gravity drainage. Some state that the 
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catheter should be left in place until the patient is ambulatory or is off nar-
cotics during the daytime; others argue that the catheter should be removed 
as soon as the patient is alert enough to urinate in order to limit possible 
urinary tract infections.43 As common as catheter usage is, literature-based 
guidance on catheter usage is deficient.

I. Bowel. Bowel problems are best addressed if anticipated. A mix of bulk-
ing agents, stool softeners, lubricants, and laxatives may make the patient’s 
course more comfortable if given before there is a problem. This is par-
ticularly true of at-rest patients on narcotics. Docusate sodium (Colace), 
100 mg BID, is usually satisfactory, but it may be necessary to supplement 
this with 30 to 60 mL of milk of magnesia at bedtime. Mineral oil is a 
useful stool softener/lubricant, but it should be administered with caution 
because it may interfere with vitamin absorption.

J. Skin. Pressure sores are often prevented by good nursing care.44 Pressure 
problems are common over the sacrum and the heels. Patients who are 
unable to change position frequently following surgery or trauma must 
be turned frequently by the staff. Dressings that cover these common ar-
eas must be applied anticipating the inability to move or protect. When 
exposed, skin checks for redness are critical, especially on newly injured 
patients, unconscious patients, patients with dementia, patients with spinal 
cord injury or spina bifida, splinted extremities, and extremities in traction. 
The problem is especially acute in paraplegic and quadriplegic patients or 
in patients with concomitant head injury. If the orthopaedic condition 
does not allow frequent change in position, consider using special flotation 
mattresses or rotating beds.45 Check the skin during rounds. Consider the 
pressure areas at the same time that the other areas at risk in surgery are con-
sidered (calf tenderness, wound complications, etc.).

K. Activities and physical therapy. The postoperative activity/physical therapy 
plan should be recorded in the written operative note. Weight-bearing status 
and allowable use of the hand below a dressing or splint (whether long arm 
or short arm) are technical decisions related to many specific orthopaedic 
considerations (injury, prosthesis, surgical confidence), so ask. Also, ask for 
the rationale for learning purposes. Each morning on rounds the staff decides 
what activity or therapy the patient should have that day. Activities may take 
diverse forms from minor diversions to a full-scale physical therapy program. 
Dumbbells and pulleys can be used to toughen the hands and strengthen tri-
ceps and shoulder muscles in preparation for crutch ambulation. Dumbbells 
are also useful in increasing chest muscle activity and improving cardiopul-
monary exchange.4 All muscles except those immediate to the injured or op-
erative area should be exercised in a set daily program. This exercise provides 
excellent distraction as well as a general sense of improved well-being. In 
addition, it may help prevent a thromboembolic episode. Regularly scheduled 
turning, the use of an incentive spirometer, coughing, deep breathing, and leg 
exercises are integral to any early physical therapy program.

L. Common preoperative orders for an orthopaedic procedure

1. Diagnosis

2. Condition
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3. Diet—nothing by mouth before surgery, usually 8 hours before, or after 
midnight for a case the following day

4. Activity
5. Vital signs
6. Enema (optional for hip and back surgeries)
7. Preoperative scrub or shower with chlorhexidine, povidone-iodine, or 

hexachlorophene
8. Laboratory data and other testing. Check with specialists and 

anesthesia
a. Hematocrit/hemoglobin
b. Urinalysis
c. Chest roentgenogram if patient is older than 50 years
d. ECG if patient is older than 50 years and no recent ECG results are 

available
e. ESR and CRP if there is a history of infection
f. Roentgenogram of operative area, if not already obtained
g. Blood typed and cross matched if significant loss is anticipated. 

The use of an intraoperative “cell saver” should be anticipated and 
used when blood loss is anticipated to be more than 500 to 600 mL. 
Similarly, the efficient use of a tourniquet can limit blood loss and 
should be planned.46

9. Antibiotics if indicated (hold preop antibiotics if intraoperative cultures 
are to be obtained)

10. Analgesics
11. Hypnotic
12. Instruction in physical therapy that may be required postoperatively

M. Common postoperative orders for an orthopaedic procedure
1. Operation performed.
2. Patient condition.
3. Diet or IV orders—when a diet is tolerated, appropriate diet, including 

considerations for diabetes or increased caloric needs of the traumatized 
patient.

4. Activity or position.
a. Ice, elevation if appropriate
b. Weight-bearing status
c. Physical therapy with surgery-specific restrictions/limitations
d. Occupational therapy

5. Vital signs—record intake and output if indicated.
6. Patient turned, coughing, incentive spirometry, and deep breathing 

encouraged every 1 to 4 hours.
7. Foley to gravity or straight cath if no urine is produced within 8 hours 

postoperatively, or Foley to gravity.
8. Analgesic prescribed on a time-related basis or patient-controlled system.
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 9. Hypnotic.
10. Multivitamin and supplements IV or PO.
11. Postoperative hematocrit/hemoglobin (if indicated, preferably at least 

8 hours postoperatively).
12. Postoperative roentgenogram if indicated.
13. Physician notified for blood pressure less than 90/60, pulse greater than 

100, or temperature greater than 38°C.
14. Iron (therapeutic doses) if anemic or if anemia is anticipated and 

transfusion is not necessary. Review the contraindications of iron 
therapy and ask for preferences.

15. Anticoagulation therapy (see above, remember to ask for particular 
preferences).

16. Postoperative antibiotics, including those for treatment or for general 
prophylaxis.

17. Bowel program, including softeners (docusate sodium) and laxatives 
(milk of magnesia) as needed.

18. Social service consultation if needed for disposition.

 V. ORTHOPAEDIC TIPS FOR STUDENTS AND INTERNS

A. Involvement of medical students on the orthopaedic team:
1. Discuss with your residents and staff at the beginning of the rotation:

a. The extent that the student should be actively involved with patient 
care decisions, patient communications, and so on

b. At what level should the student show initiative?
2. There should be a balance among exposure to the clinic, hospital 

rounds, and the operating room.
3. Get to know the office staff who will have schedules, knowledge of the 

other services, and related educational opportunities. Know who you 
should report to or ask questions.

4. Consider a presentation to the group. Such presentations, and the inter-
est that they convey, are great ways to get a deeper insight into orthopae-
dic decisions, thought processes, and priorities. It makes the cases that 
present especially relevant. What is learned in this exercise will remain 
with you for your entire practice career.

5. Try to gain exposure to the various areas of orthopaedics. Discuss how 
each of the subspecialists makes decisions about what to care for and 
what to refer.

B. Regarding patient care and ward decisions. Although they have many 
of the same general needs as medical or other surgical patients, orthopae-
dic patients have other important needs specific to orthopaedics. These 
include prophylactic antibiotics, prophylactic anticoagulation, imaging 
needs (which are specific and evolve as the case progresses), and physical 
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therapy (including weight-bearing status and protective activities). The 
student helps the care tremendously by considering these factors, question-
ing them, and reevaluating them in light of comorbidities, pending surger-
ies, and interactions with other services. Some of these issues include the 
following:
1. How prophylactic antibiotics are used. What are the typical first-line, 

second-line, and backup drugs?
2. What will be used for prophylactic anticoagulation? Who will monitor 

any necessary lab values and make the necessary changes in dosages?
3. Ask about guidelines for preoperative workups and indications for 

ECGs, labs, chest X-ray. Who will obtain necessary informed consent?
4. What are the indications for the use of urinary catheters? When should 

they be discontinued?
5. How are narcotics to be used? What is the role of respiratory monitors 

and pulse oximeters?
C. Advice on how to be useful and get the most out of your rotation

1. Be around the ward, clinic, and operating rooms. They are all important.
2. Start early. If possible, round and review before the team.
3. Know the plan. The plan is dynamic and will evolve. Know the 

contingencies that would change the plan.
4. Communicate with all. Ask questions of the nurses, the staff, the residents, 

and the consultants.
5. Provide for the needs of the patient. Know the necessary steps to get 

them ready for the next stage of their care.
a. For surgery, check on the completion of the preparations. Check 

and confirm NPO status, pending lab values, pending imaging, 
surgical consents, and consultant evaluations.

b. For the postoperative situation, ensure adequate pain medication 
and follow-up on postoperative images and lab values (e.g., hemo-
globin, electrolytes). Question the need for urinary catheters and 
discontinue them as early as possible.

c. For discharge and follow-up, help get them ready. When appro-
priate, involve the therapists, nurses, and social workers with the 
orthopaedic team.

6. Contribute energy. Be lighthearted but earnest about the priorities and 
stresses of patient care. Be willing to contribute on those small but 
unavoidable tasks (e.g., changing dressings, removing sutures).

7. Be careful about what information you give directly to the patient. 
Err on the side of caution. Never be the first one to give the pa-
tient bad news (unless specifically directed otherwise by the staff 
physician).

8. Read, study, and ask. Reading is best done immediately surrounding the 
teaching event, whatever it is. Read ahead for cases; know the pertinent 
anatomy.
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D. Maturing as a student of orthopaedics “Becoming is superior to 
being.”—Socrates

Orthopaedic deformity is alarming. The pain is deep and visceral, and for the 
uninitiated, there is something untouchable about it. The patient’s pain is ac-
companied by a fear of new injury. This fear and the deep special quality of the 
distress touch the patient and the caregiver alike.

However common and understandable, a student’s personal sensations 
may be of hindrance to the proper evaluation of these patients. In other spe-
cialties, the medical evaluation is often not painful, but a fracture or sprain 
cannot be examined or treated without pain. The fear, which we see in our 
patients’ eyes, can push us away and may result in the lack of the necessary 
touch toward the consolation, proper examination, necessary positioning, or 
dressing of the limb.

Intervening takes risk. It takes time to know the patterns of injury, the 
resources (e.g., imaging, referral expertise), and to know the patterns of re-
sponse. Like any refined art, it is actually a mix of science and art. To physically 
execute, it requires a mix of subjective and objective proficiencies. One needs 
courage, humanitarian concern, and energy.

The medical student who chooses to rotate through orthopaedics has a chal-
lenging mix of skills, relationships, and resources to develop. What the student 
takes with him or her will be deeply personal based on his or her own invest-
ment. Face time with staff is important. Reading is critical. Student involvement 
results in a buzz of staff interaction and worthy debate about pathophysiology, 
social expense, and techniques of surgery. As in the rest of medicine, everyone 
benefits, including (and especially) the students and patients.

If you are interested, there is no substitute for actually being there. Unfor-
tunately, these interactions may occur at odd hours of the night or very busy 
periods of the day. They occur in the operating room, the ward, and in the 
conference room. You must invest time.

If you are interested in procedures or the kind of in-depth experience that 
helps make a career decision, you should say so. Just like other disciplines, the 
learner will need to put in more time, and a greater physical effort will pull 
available learning opportunities to you. This means standing in surgery, watch-
ing in clinic, pulling up the imaging studies on the computer, or making the 
necessary phone calls. Closed reductions (and the snap or crepitation that go 
with them) or the insertion of a screw may be routine for staff, but it could be 
life-changing for the right student. Every staff in a teaching institution is there 
because of prior teaching experience and wants to reward interest.

Medical students should be proud of your contribution. You may look or 
feel lowly but you contribute energy, enthusiasm, and concern to each situation 
in which you are involved. Orthopaedic situations require as much of these 
qualities as possible. Socrates said “becoming is superior to being,” and it is as 
true now as it was then. The staff respects what you are becoming.
E. Principles specific to orthopaedics

1. Handle bone with the care it needs. It may look hard and impenetrable, 
but it is living tissue. Protect it from inflammation, infection, avascular-
ity, and abnormal (either excessive, inadequate, or malaligned) stresses 
and motions.
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2. Handle joints with the care they require. Restore alignment, anatomy, 
and soft tissue. Support structure and consider cartilage stresses. Resto-
ration of anatomy and physiology (stresses and motion) to the joint, its 
blood supply, its motor control, and its cognitive control are all vital 
to the function of the joint. Remember that the implications for bone 
injury, whether diaphyseal, metaphyseal, or periarticular, have specific 
implications for each of the joints of the limb.

3. Be precise in your understanding of pain. The high incidence of pain 
as a presenting complaint makes orthopaedics unique. There are many 
types of pain, including classic orthopaedic pain, acute and chronic 
pain, muscle spasm, and neuralgia. Patients may have more than one, 
and treatments for one of these may not be good treatments or substi-
tutes for another. The pattern of pain, the physical examination, and 
the imaging are the methods by which the lesions are mostly separated 
out. Attack it at every level: the painful lesion, the transmission, and the 
central pathways. Minimize its effect by addressing the dysfunction and 
the depression.

4. Remember the soft tissues. Anticipate what the soft tissues will do. 
Know the difference between disease and disuse. Understand weakness, 
adhesion, incoordination, and soft-tissue blocks to function.

5. Have a plan of attack and know what you are attacking. Know what 
is primary (often fracture deformity) and what is secondary (usually 
inflammation and pain). Know the difference between primary inter-
ventions (fracture repair for pain relief) and palliative ones (control of 
inflammation, control of pain).

6. Appreciate anatomy. Usually the return of function parallels the restora-
tion of anatomy. It makes some sense, intuitively, that this would be true, 
but sometimes the anatomic relationships are not easily restored. Closed 
reductions require a level of abstract consideration because they are out of 
site, but such considerations are also common of open reductions, joint 
replacement surgery, and balancing operations.

7. Appreciate balance. Much of fracture orthopaedics occurs within the 
acute situation, but the responsibilities of the orthopaedic interven-
tion are related to the acceleration of the restoration of normalcy. This 
cannot be considered complete without a consideration for the social 
situation as well. Balancing these considerations is at the essence of 
orthopaedics and is dependent on several individual factors including 
those particular to the patient (personal fear of surgery, age), the medical 
environment (facilities and surgical interest), and those of society (funding 
priorities, long-term care).

8. Anticipate future problems. For the most part, those deformities that 
are known to be associated with late problems are understood by the 
orthopaedist.

9. Understand the unique demands of orthopaedic tissues, physiologic load-
ing (valgus/varus, longitudinal, and rotational alignment), stress–strain 
relationships, cyclic loading, vascular support, and bony congruity. Know 
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the difference between the biologic needs of orthopaedic tissues (respira-
tion, vascular supply) and the mechanical ones (strain rates, cyclic loading 
and catastrophic failure, and incremental failure).

10.  Know pathophysiology and physiology of each of the processes, includ-
ing the different forms of pain, inflammation, soft-tissue repair, scar, 
and regeneration. This includes the fracture healing and patient-human 
response of anxiety and depression. The treating doctor will be a better 
physician and the best practitioner if he or she anticipates and attacks 
pathophysiology at every opportunity. Every patient wants his or her 
surgeon to be a true physician in every sense of the word.

11.  Look for and treat an underlying pathophysiology. Social impairment 
or lack of access to resources may be at the root of the patient’s inability 
to thrive, which may be the real reason for the bone disease that leads to 
the fracture.

12. Have a plan B. Have a way out. Save tissue. Create options.
13.  Study what is visible on the X-ray. Know the normal alignments and 

landmarks.
14.  Protect the patient who is distracted by pain elsewhere, is unconscious, 

or unable to express or describe the symptoms.
15.  Minimize the secondary injury. Stiffness, weakness, and autonomic 

dysfunction all follow the orthopaedic injury and may be as related to 
treatment (unnecessary immobilization, poor patient support) as the 
original injury.

16.  Learn and execute excellent dressing techniques. Covering a wound or 
an injured limb is not the same as caring for it or protecting it. The 
dressing usually has a series of responsibilities, including alignment, im-
mobilization, and compression (to minimize venous stasis and swelling). 
Apply the dressing knowledgeably and thoughtfully, recognizing how 
much patient comfort and care depends on your dressing. Your goal is 
to ease the patient’s transition to the next stage.

17.  Recognize that children are different, their problems are different, and 
their needs are different. Things happen in children that do not happen 
in adults, and the injuries and their responses are age and site dependent.
a. The anatomy is different. The supracondylar area of the elbow goes 

through a remodeling phase between ages four and eight in which 
the bone becomes very thin, hence all the fractures in this age group. 
There are other classic patterns (triplane fractures and Tillaux frac-
tures of the ankle). There is no substitute for simply knowing the pat-
terns that occur, watching for them, and treating their idiosyncrasies.

b. The physiology is different. The blood supply to certain areas 
(femoral head, epiphyseal fragments) passes through a period of vul-
nerability. Their ability to heal is different, but the implications of 
maltreatment, malalignment, or corollary damage (i.e., avascularity, 
growth plate injury) may be magnified over time. The dynamism of 
growth is directly related to motor use and function.
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F. Principles of the mature caregiver
1. Be a clinician. Suppress and delay the inclination to define the problem 

with an X-ray. Take a history, know the patient, and examine the patient.
2. Remember that you must confirm the significance of imaging changes 

and the absence of other changes not reflected by the images with docu-
mentation in the medical record

3. Act while recognizing an economy of motion, resources, and time. As 
a student, you may just have to ask. Know where your opportunity 
is in the timeline of the pathophysiology. Timing in orthopaedics is 
everything.

4. Remember the simple things such as ice, heat, rest, elevation, and reassurance.
5. Understand inflammation. Understand what it is and is not in ortho-

paedics. Know when it is primarily part of the pathology (rheumatoid 
arthritis, bursitis) and when it is part of the healing (fractures, sprains). 
Know how its treatment may assist the treatment of the orthopaedic 
problem (reduce pain, augment narcotics) and how that treatment 
may interfere with the desired outcome (with fracture healing). When 
inflammation is the component of the disease process that you want to 
manage, manage it. But remember that in other situations, it is an ini-
tial component in the normal processes and pathophysiology including 
fractures, infection, neoplasia, soft-tissue trauma, and pain.

6. Study the problem from all angles, perspectives and depths, mecha-
nisms, and pathophysiologies. Look for referred pain. Look for missed 
injuries. Know the classic associations.

G. Work well with others
1. Be an effective part of the team. Know the roles of the professionals 

around you. They will help to anticipate the needs of the patients, com-
municate, and administer cost-efficient care. The same is true for nurses, 
physician assistants, pharmacists, and a wealth of experts who can teach 
and guide through the host of problems our patients will face. The same 
admonitions about humor, principles, and wisdom that govern our ac-
tions in conference are appropriate for our relationships with these other 
professionals.

2. Follow the trends of the rest of medicine. Right now, these are precision, 
biologic management, patient involvement, natural (common sense) 
nutrition, health, and so on.

3. Do what is necessary to facilitate orderly transfer of care. This is done 
through direct communication with those assuming the care. It is not 
by hospital note or by the assumption of the role of others. Most spe-
cifically, it is not by voice mail or email. Nothing substitutes for direct 
knowledge that the care and decision-making is really transferred, 
questions are asked, and responsibility is accepted.

4. Do not be the judge of your contribution. Know that, however, trivial 
or ungratifying something such as a follow-up or phone call may seem 
to you, you may be the only person in the world with the knowledge, 
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insight, or time to make it. It may be your major contribution toward 
relieving patient suffering that day; however, it may not seem that dra-
matic. As Emerson said, “The grandeur of character acts in the dark.” 
Much of what you do will be silent and unrecognized. That is the nature 
of the healing arts. No one will ever be able to appreciate the depth of 
your preparation or the depth of your considerations. Your rewards will 
often need to be internal.

H. Presenting at rounds. It is one of the great exercises in the study of medi-
cine to learn by presenting a case. The exercise puts the patient out there 
and gives the student presenters a focus to bring principles and practice 
together, which they will do innumerably during their careers. It gives the 
expert an opportunity to illustrate specifics and generalities. It gives every-
one an opportunity to interact.
1. Be organized. Know the case. It makes a room of orthopaedists very 

anxious and unpleasant if the critical elements of the case are missing 
and are not available to help them toward a reasonable decision.

2. Know the radiographs. Be sure to have reviewed them before the case 
because you can be sure that as soon as they are presented, a roomful of 
very smart, conscientious, very experienced people will begin to critique 
them for orderliness, quality, relevance, subtle cues, and missed lesions.

3. Know the point of the case. You can be sure that if someone wants you 
to show the case, there is a point. Perhaps, it is a controversial point or 
some unexpected outcome.

4. Keep control of the case. Know the local feeling about certain classic 
controversies (if appropriate) including closed versus open methods, ap-
proaches, borderline circumstances, and so on. Know what is necessary. 
Ask your fellow residents and mentors for the issues likely to come up.

5. Listen for the pearls to drop. The best conferences are a mix of academ-
ics and practical considerations playing off of one another. There will be 
insights about diagnosis, technique, decision-making, and people. The 
subjective reward for presenting is an incremental professional growth in 
thinking, problem solving, and interpersonal skills. The objective ben-
efit is that the student will learn something specific about the problem 
at hand.

6. Keep it positive. Do not “sandbag.” Purposely leading the conference 
astray may have a point in very specific circumstances, but it is a job for 
experts. Never upstage the staff, and always make the points reachable 
with insight and experience. Misleading the staff with mismarked films, 
coincidental shadows, and technical obstructions can make things fun, 
but it cannot be done at anyone’s expense.

7. Speak the language. There is a language of fractures. Varus, valgus, 
proximal, distal, fracture type and classification, and soft-tissue injury 
class are within the point of the presentation exercise. If you use a name 
(“Colles,” “Barton’s,” “Bennetts”), expect to be asked the derivation 
of the name. If a fracture class (Schatzker) or injury class (Gustilo, 
Tscherne, etc.) is used, it is imperative that you can describe why it is 
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classified that way and what the definition of the other classifications 
are. This is basic: expect to be asked. Almost all classification systems 
have inadequacies or shortcomings; be prepared to discuss these. Be pre-
pared to show additional studies that help define the pathology, if the 
plain films cannot. Remember that the best classification systems also 
include mechanism, pathophysiology, and treatment considerations.

8. Use humor if appropriate.
9. Show courage. If you are in trouble, do not expect to be rescued too 

early. Orthopaedists love what they do and they love people who love 
what orthopaedists do. They enjoy watching a competent student 
struggle with forming a concept or discovering a truth. Do not bail or 
defer to the staff or teachers too early. Remember, you are probably one 
of hundreds of students that the members of the conference have seen 
in this circumstance, and they will want you to succeed, overcome, and 
grow. Remember, if someone asks you to present, it is a compliment of 
sorts; live up to it.

10.  Never lie or fudge. If you are presenting a case that you have never seen, 
say so early. If there is missing data, say that too. If you do not know the 
answer, simply say, “I don’t know.”

I. Working with orthopaedists. On the ward and in the clinics, medical and 
professional principles apply to your behavior. Orthopaedists especially 
appreciate the creative and inventive aspects of their job. The orthopaedic 
story behind each injury makes the cases interesting. Know it.

J. Final Thoughts
1. Primum non nocere. For a student in orthopaedics, this means be there, 

be sensitive, ask questions, and follow through.
2. Know your limitations. This is closely related to primum non nocere. 

One of the great hazards in medicine is the practitioner who rises to a 
level of incompetence and does not pull back from it. Periods of growth 
(including being a medical student) carry risks of failure for both patient 
and doctor. The practitioner takes his or her patient from the realm of 
the unknown with him or her to the known. If asking for help is un-
comfortable, use that as an opportunity for growth as well.

3. Take good medical care of your patients. There is no substitute for see-
ing (actually seeing) your patients. Remember that they need touching 
and interaction.

4. Respect patients as humans. Communicate respectfully and honestly. If 
you do not know, “I don’t know, but I’ll check” is a useful thing to say. 
Apologize when late and give a reasonable explanation when it is ap-
propriate. Make eye contact. Touch the patient lightly in a neutral-safe 
area; shake hands often; and give consolation, sympathy, empathy, and 
sensitivity to what they may be feeling emotionally and physically.

5. Have reverence for the history and process that put you in this remark-
able circumstance. The principles you apply were discovered at great 
cost over centuries. When the exam room door closes, it will be you, the 
patient, and those principles.
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6. Be supportive of your colleagues. You may feel that the patient has been 
poorly or inadequately served somehow, but it may only add to their 
suffering to give a colleague misgivings or guilt about how they should 
have done things differently. Conversely, if you like or have confidence 
in, or appreciate certain consultants, assistants or referral primaries, say 
so. Patients like to be part of a team that works.

7. Do not let anything about your personal limitations or emotions detract 
from your accomplishments (or those of the profession or department). 
Remember to learn professionalism in addition to orthopaedics.

8. Remember, most fundamentally, it is your job to relieve suffering of any 
kind.
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 I. OBJECTIVES. Although traction is being used with decreasing frequency for 
fracture care in the Western world, a knowledge of these effective principles is 
necessary for special indications or situations in which equipment or expertise 
is not available or patient comorbidities do not permit operative intervention. 
Traction remains a useful temporizing method in the severely injured patient 
with femoral shaft or pelvic/acetabular fractures.1

A. Traction maintains the length of a limb as well as alignment and stability 
at the fracture site. Treating femoral fractures with fixed skeletal traction is 
an example.

B. Traction can allow joint motion while maintaining the alignment of the 
fracture. For example, the Pearson attachment on a Thomas splint allows 
knee movement during traction treatment of a femoral fracture; overbody 
or lateral skeletal traction allows elbow motion while maintaining the 
alignment of a humeral fracture.

C. Traction can overcome muscle spasm associated with bone or joint dis-
ease. An example is Bucks traction, which is sometimes recommended for 
patients with hip injuries.

D. Edema is reduced in an extremity by a traction unit that elevates the affected 
part above the heart.

 II. ESSENTIAL MATERIALS. The bed must have a firm mattress or a bed 
board. Elevate the head or the foot of the bed using either shock blocks or the 
bed’s intrinsic elevation system. Attach an overhead frame, trapeze, and side 
rails to the bed so the patient can shift position. Traction equipment includes 
bars, pulleys, ropes, weight hangers, skeletal traction apparatus, and, in some 
instances, plaster cast materials. Various figures in this chapter show the type 
and placement of equipment about the bed.

 III. SKIN TRACTION

A. Skin traction may be used as a definitive method of treatment as well as 
a first aid or temporary measure. The traction force applied to the skin 
is transmitted to bone through the superficial fascia, deep fascia, and in-
termuscular septa. Skin damage can result from too much traction force. 
The maximum weight recommended for skin traction is 10  lb or less, 
depending on the size and age of the patient. If this much weight is used, 
discontinue the skin traction after 1 week. If less weight is used and if the 
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skin is inspected biweekly, skin traction may be safely used for 4 to 6 weeks. 
Pediatric patients need skin inspection on a more frequent basis.

B. Application
1. Carefully prepare the skin by removing the hair as well as washing and 

drying the area.
2. Avoid placing adhesive straps over bony prominences. If bony prom-

inences are in the area of strap application, cover them well with cast 
padding before the adhesive straps are applied. Always use a spreader bar 
to avoid pressure from the traction rope on bony prominences.

3. Make the adhesive straps from adhesive tape, moleskin adhesive, or 
a commercial skin traction unit consisting of foam boots with Velcro 
straps. Place the straps longitudinally on opposite sides of the extremity, 
with free skin left between the straps to prevent any tourniquet effect. 
Attach the free ends of these straps to the spreader bar. Hold the straps 
in place by encircling the extremity with an adhesive or elastic wrap. 
Then apply the traction rope to the spreader bar.

4. Support the leg in traction with pillows or folded bath blankets without 
contact under the heel to prevent edema and irritation of the heel.

 IV. SKELETAL TRACTION

A. Definition. Skeletal traction is applied through direct fixation to bone.
B. Equipment

1. Kirschner wire is a thin, smooth wire with a diameter of 0.0360 in to 
0.0625 in. The advantages of Kirschner wire are that it is easy to insert 
and that it minimizes the chance of soft-tissue damage or infection. 
The disadvantage is that it rotates within an improper bow and can cut 
through osteoporotic bone. These complications are minimized using 
the proper traction bow. Even though Kirschner wire is small in diam-
eter and flexible, it can withstand a large traction force when the proper 
traction bow is used. This special bow (Kirschner bow) provides the 
wire with rigidity by applying a longitudinal tension force (Fig. 10-1). If 
properly placed and not improperly stressed, the wire does not break and 
causes less bone damage than the larger Steinmann pins.

2. Steinmann pins vary in diameter from 0.078 in to 0.19 in and come 
in smooth and threaded forms. Because they are large enough to have 
inherent stability, the Steinmann pin bow (Bohler bow), which attaches 
to these pins, does not exert tension along the pin as does the Kirschner 
traction bow. The two types of pins should be readily recognized and 
used with the appropriate bow (Fig. 10-1).

3. Factors to be considered
a. Nonthreaded wire or pin is smaller, more uniform, less easily bro-

ken, more easily inserted, and removed with less twisting than the 
threaded type. A disadvantage is that it can slide laterally through 
the skin and bone. Even with careful attention, it can move enough 
to disturb the traction or predispose to a pin tract infection.
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b. The threaded wire or pin has stress risers at each thread, breaks 
more easily, must be larger in diameter to gain the same strength, 
and takes a longer time to insert. In inserting a threaded pin, one is 
tempted to go rapidly with the hand or battery powered drill, which 

Figure 10-1. Traction bows. When using skeletal traction to treat femoral fractures, the knee is 
kept in slight flexion (A). Proximal tibial traction is reserved for adults. To avoid physeal injury 
in children with resultant recurvation deformity, distal femoral traction proximal to the distal 
femoral physis is used. For larger Steinmann pins, a Bohler bow is used (B). The tensioning 
capabilities of the Kirschner bow allow the use of smaller Kirschner wires (C).



1 8 0   M A N U A L  O F  O R T H O P A E D I C S

creates an undue amount of heat. On the other hand, because the 
threads prevent lateral slippage of the pin, this type is preferable to 
the nonthreaded variety for long-term (longer than 1 to 2  weeks) 
traction.

4. The wires and pins are available with two types of points. One is a tro-
car, a blunted point that tends to grind through the bone with relatively 
little cutting ability. The other is a diamond-shaped point, a modified 
type of drill that passes through bone more easily and with less heating. 
Wires and pins that are dull, sharpened off-center, or bent should not be 
used. These wander during insertion and create a hole that is too large.

5. Note that pins and wires are frequently used as internal fixation devices 
for fractures; such use is discussed in Chapter 11 and the chapter on 
hand fractures, Chapter 21.

C. Pin and wire insertion guidelines
1. Pin or wire insertion is a surgical procedure, so some form of consent 

is needed, at least with a witness in attendance who signs a note in the 
chart attesting that informed consent was obtained. A signed, witnessed 
surgical consent is preferred. The site of pin application should be 
signed with a surgical marking pen, and a time out should be held as if 
the procedure were being done in the operating room.

2. Establish the status of neurovascular structures before inserting the 
pins. Placement of the pins requires knowledge of the specific anatomy 
and the location of vital structures. Rule: Always start the pin on the 
side where the vital structures are located. This gives better control and 
better avoidance of these structures. For instance, start an olecranon pin 
on the medial side to avoid the ulnar nerve.

3. Skin preparation. The skin should be free of signs of infection. Follow 
aseptic procedures, using a topical germicidal antiseptic, drapes, mask, 
and gloves.

4. It is difficult to obtain enough anesthesia to block the periosteum 
completely. Anesthetize the skin and subcutaneous tissue with 1% 
lidocaine on the starting side of the bone. Go down to the periosteum 
with the needle tip and insert enough lidocaine around this area to 
produce some anesthesia. If there is pain as the pin is inserted and ap-
proaches the bone, inject more anesthetic. Drill the pin approximately 
halfway through the bone, get an idea where it will come out, and then 
anesthetize the opposite side. In a case in which the wire penetrates two 
bones, such as the tibia and fibula, it is impossible to anesthetize the area 
between the two bones. Tell the patient ahead of time that this may be 
painful for a few seconds but that as soon as the drilling stops, the pain 
will cease. If done in the emergency department, conscious sedation 
should be utilized.

5. Skin incision. When starting the procedure, pass the wire or pin 
through a stab wound made with a no. 11 blade. If only a puncture 
wound is made by the pin, tight skin adherence to the pin predisposes 
to an infection. If an infection with abscess does occur, drain it by 
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extending the stab wound. Dress the pin site with sterile 4 × 4s on each 
side with Betadine solution applied. Change the dressings daily.

6. Pins and wires should be inserted using a hand drill rather than a 
power tool whenever possible. The time saved using power equipment is 
 expended in preparation time. There is also a tendency to use too high a 
speed with power drills and generate too much heat, thereby promoting 
the development of bone necrosis around the pin insertion, resulting in 
a ring sequestrum. The smaller the pin and the slower the rotation of the 
hand drill, the faster the pin is inserted. Adequate support of the limb 
from adequate assistance must be available so that, as the pin is being 
inserted, the limb does not shift and cause the patient further pain.

7. Traction wires or pins are best placed in the metaphyses, not in dense 
cortical bone. Use caution to avoid epiphyseal plate damage, which can 
result in a growth disturbance. In skeletally immature patients, the pin 
should be inserted under fluoroscopic control to avoid the physis. In 
the area of the tibial tubercle, assume in female patients younger than 
14 years and in male patients younger than 16 years that the epiphyseal 
plate is open. Because of the risk of physeal injury in the proximal tibia, 
choose the distal femur for skeletal traction in younger patients if pos-
sible. Ideally, pass the pin through only skin, subcutaneous tissue, and 
bone. Avoid muscles and tendons.

8. Do not violate a fracture hematoma by skeletal wires or pins for traction, 
or the equivalent of an open fracture will result.

9. Do not penetrate joints with traction wires or pins because pyarthrosis 
can occur. Do not enter the suprapatellar pouch with distal femoral 
wires or pins. Here again, inserting the pin under fluoroscopic control 
can avoid these complications.

10. Points to remember about wire or pin insertion:
a. Chuck the wire or pin so that a length of just 2 in to 4 in is exposed 

to prevent wandering and bending.
b. Tighten chuck sufficiently to prevent score marks that are sources 

of metal corrosion and fracture.
c. Be certain that the wire does not bend as it is inserted.
d. Use the proper traction bow (Fig. 10-1).

D. Specific areas of insertion
1. Metacarpals. Place the wire through the metaphyseal–diaphyseal  junction 

of the index and middle metacarpals. To facilitate insertion, push the first 
dorsal interosseous muscle in a volar direction and palpate the subcutane-
ous portion of the bone. Angle the wire to pass through the index and 
middle metacarpals and to come out the dorsum of the hand, so as to 
preserve the natural arch.

2. Distal radius and ulna. Usually place the wire or pin through both the 
radius and the ulna. This site is rarely used.

3. Olecranon. Take care to avoid an open epiphysis. Do not place the 
pin too far distally because this causes elbow extension, and it is more 



1 8 2   M A N U A L  O F  O R T H O P A E D I C S

comfortable to pull through a flexed elbow than an extended elbow. 
Use a moderate-sized wire or pin and insert from the medial side to 
avoid the ulnar nerve. Use a very small traction bow.

4. Distal femur. Start on the medial side, anterior enough to avoid the 
neurovascular structures. This insertion is best accomplished by placing 
the pin 1 in inferior to the abductor tubercle. If the pin will be used for 
traction on a fracture table for delayed intramedullary nailing, make sure 
it is placed far anterior, off the coronal midline to avoid incarceration by 
the intramedullary nail. Fluoroscopy should be used to help the surgeon 
avoid an open physis.

5. Proximal tibia. Place the wire or pin 1 in inferior and ½ in posterior 
to the tibial tubercle, starting on the lateral side to avoid the peroneal 
nerve. Take extreme care to avoid an open physis or apophysis; if the 
anterior portion of the proximal tibial epiphyseal plate is violated, genu 
recurvatum can occur.

6. Distal tibia and fibula. Start the pin 1 to 1½ fingerbreadths above the 
most prominent portion of the lateral malleolus to avoid the ankle mor-
tise. Insert it parallel to the ankle joint and angulate it slightly anteriorly. 
The surgeon should feel the pin pass through the two fibular cortices 
and then the two tibial cortices. Pass the pin through both bones to 
avoid the tendons and neurovascular structures. If the pin is placed too 
far proximally, the foot rests on the bow, and a pressure sore may occur.

7. Calcaneus. Generally, select a large diamond-point pin. The preferred 
insertion site is 1 in inferior and posterior from the lateral malleolus or 
1¾ in inferior and 1½ in posterior from the medial malleolus. Because 
of the position of the tibial nerve, the medial starting site is preferred. If 
the pin is placed too far posteriorly, it causes a calcaneal (plantar flexed) 
position of the foot. If the pin is placed too far inferiorly, it may cut out 
of the bone. If the pin is placed too far superiorly, it can enter the sub-
talar joint and also spear the flexor tendons or tibial nerve and/or artery. 
Infections that are difficult to treat often occur when the calcaneus is 
used for long-term traction.

 V. CERVICAL SPINE TRACTION

A. Neck halter traction is the simplest of the different types of cervical spine 
traction, but usually is not used in the treatment of acute cervical spine 
fractures or dislocations, being reserved for chronic conditions such as a 
cervical radiculopathy. Apply the traction to the mandible and occiput with 
a soft, commercially made halter.
1. When continuous traction is used with the patient in the supine 

position, the attached weight should not exceed 10 lb (5 lb is usually 
sufficient). With the patient sitting, approximately 8 lb may be added 
to the attached weight to account for the weight of the head. The total 
attached weight should not exceed 15 lb with the patient in the sitting 
position. The traction should not be strictly continuous, but used for 
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1 to 3  hours followed by rest intervals to allow jaw motion and to 
relieve pressure on the skin.

2. If intermittent traction for short periods is used three times daily, up 
to 30 lb may be used.

3. Problems associated with head halter traction are related to the weight 
used and the position of the neck. The optimum position is usually 
neutral or in slight flexion. Temporomandibular joint discomfort can 
ordinarily be relieved by changing the direction of traction force or 
decreasing the attached weight. Symptoms from local skin pressure may 
be relieved by the above methods or by appropriate padding.

B. Skull tong traction is a form of cervical spine traction and is applied by one 
of the many types of skull calipers (tongs) (Fig. 10-2). The most satisfactory 
caliper is screwed into the skull without the need for previous trephining 
and does not penetrate more than a preset depth. The Gardner-Wells tongs 
are recommended (Fig. 10-3).2 With this type of apparatus, heavy traction 
can be applied to the skull for as long as required. It is especially useful for 
cervical spine fractures and dislocations. Perform the following procedures 
after the scalp is cleaned and draped; local shaving is sufficient, but is not 
absolutely mandatory.
1. The Gardner-Wells skull traction tongs are easy to insert. After 

preparing the skull, position the tongs below the temporal crest and 
tighten. A spring device within the tong points automatically sets the 
correct depth and tension. Then the indicator protrudes 1 mm from 
the knob of the tong, at which time the correct pressure (equivalent 
to 6 in to 8 in per lb) is exerted. Retighten these pins in a sequential 
manner to the same value the next day, and then do not tighten them 
again unless loosening occurs.

Figure 10-2. Tong traction. This treatment is used for most cervical fractures and dislocations. 
The points are positioned just above the ear pinnae. Padding can be used to generate more 
flexion or extension of the cervical spine as is indicated for reduction based on lateral cervical 
roentgenograms.
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2. Keep the head end of the frame slightly elevated, so that the patient’s 
body acts as countertraction.

3. Initiate cervical traction at 10 to 15 lb and incrementally increase only 
after checking the appropriate roentgenograms. Initiating traction at 
higher weights can occasionally result in marked distraction of ligamen-
tous injuries. For definitive traction, Crutchfield’s rule of 5 lb per level 
starting with 10 lb for the head allows for a maximum range of 30 to 
40 lb for a C5–C6 injury.

C. Fixed halo skull traction. The halo device, originally introduced by Nickel 
and Perry,3,4 can be used alone for traction or combined with a vest or cast.
1. Materials

a. Halo ring (five standard sizes available). Carbon fiber rings are pre-
ferred because radiographs and MRI scans can be obtained without 
distortion.

b. Five skull pins (one spare included)
c. Two torque screwdrivers
d. Four positioning pins
e. A wooden board (4 in × 15 in × ¼ in)

2. Application procedures are modified from those described by Young 
and Thomassen5 and Botte et al.3

a. Shave and trim hair around the pin sites (optional). The pin sites 
should be 1 cm above the lateral third of the eyebrow and the same 

Figure 10-3. Gardner-Wells tongs.
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distance above the tops of the ears in the parietal and occipital areas. 
Place the halo just inferior to the greatest circumference of the head 
(Fig. 10-4).

Figure 10-4. Principles of a halo ring application. The correct ring size allows for 1.5 cm of 
clearance (A). Positioning pins are used to stabilize the ring while the skull pins are inserted (B). 
The proper position of the ring is 1 cm above eyebrows and ear pinnae (C, D).
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b. Position the patient supine on a bed with the head extended beyond 
the edge. Have the head supported by an assistant’s hands or by a 
4-in-wide board placed under the head and neck.

c. Place a sterile towel under the patient’s head. This step is not necessary 
if an attendant is holding the head.

d. Select a halo ring that allows for 1.5 cm clearance. If MRI studies are 
anticipated, an MRI-compatible ring and pins must be used (carbon 
fiber material).

e. The halo ring, skull pins, and positioning pins should be autoclaved 
or gas sterilized.

f. The assistant, wearing gloves, positions the halo ring around the 
head with the raised portion of the ring over the posterior part of the 
skull. Use positioning pins and plates to place the ring in the proper 
attitude and to equalize the clearance around the head.

g. Infiltrate the skin with local anesthetic at the four pin sites.
h. The skull pins should be at a 90° angle to the skull and turned to 

finger tightness. The skull pins are designed, so that no scalp inci-
sions or drill holes are needed. The shape of the point draws the skin 
under it and does not cause bleeding. Try to avoid puckering of the 
skin at the pin site. If puckering does occur, remove the pins, flatten 
the skin, and repenetrate.

i. Both operators use the torque screwdrivers simultaneously, turn-
ing opposing skull pins. Gain increments of 2 in per lb evenly up 
to the maximum desired by the physician. A suggested maximum is 
4½ in per lb for children and 6 in to 8 in per lb for adults.

j. Remove the positioning pins.
k. Incorporate the support rods of the halo apparatus into the plaster 

body jacket, as shown in Fig. 8-5, or use a sheepskin-lined molded 
plastic body jacket that is commercially available or custom made by 
an orthotist (Fig. 8-6).

l. Tangential roentgenographic views or a computed tomography 
(CT) scan of the skull can be ordered to check the depth of the skull 
pins, but neither is routinely necessary.

3. Care of pin sites
a. Clean around the pins with peroxide solution using a cotton swab 

twice daily. Antibiotic or Betadine ointments are not recommended.
b. Check the torque of the pins for the first few days. Note: If the 

patient complains of repeated looseness or if the proper torque can-
not be gained, move the pin to another place on the ring by the 
aforementioned method. Do not remove a loose pin until the fifth 
replacement pin is inserted.

 VI. UPPER EXTREMITY TRACTION

A. Dunlop or modified Dunlop skin traction. This type of traction is oc-
casionally useful for the management of supracondylar humeral fractures.6 
Place the patient supine and suspend the arm in skin traction with the 
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Figure 10-5. Modified Dunlop traction. A weight of 1 to 5 lb is usually required. 
Associated circulatory embarrassment might be aggravated by increasing elbow 
flexion.

shoulder abducted and slightly flexed. In addition, slightly flex the elbow. 
Modification of this type of traction provides counteraction on the hu-
merus, and this can be achieved with the arm over the edge of the bed and 
counterweight suspended from a felt cuff over the humerus, or with a felt 
cuff over the forearm pulling laterally with the elbow flexed (Fig.  10-5). 
Two disadvantages of Dunlop traction are that it cannot be applied over 
skin injuries and that elevation of the humeral fracture above the level of 
the heart is not possible with this method.

B. Overbody or lateral skeletal traction
1. In the management of extra-articular humeral shaft and metaphyseal 

fractures, it is occasionally desirable to maintain the shoulder in flexion 
without abduction but with the elbow at a right angle by placing the arm 
over the body. Maintain this position through olecranon skeletal trac-
tion, which allows some flexion and extension of the elbow if the traction 
pin is properly inserted. Because the hand and wrist usually tire in this 
position, support the wrist with a plaster splint. Skeletal traction through 
the olecranon may also be used in the lateral position (Fig. 10-6).

2. A special, rarely used adaptation of upper extremity olecranon traction 
may be made by placing the patient in a shoulder spica cast that 
incorporates an olecranon pin into the plaster to apply fixed skeletal 
traction. This adaptation allows the patient to be ambulatory.
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Figure 10-6. Olecranon pin traction. A: Overbody traction. Note that the elbow joint can 
move without disturbing the fracture. The hand and wrist rest in a plaster splint. B: Lateral 
traction.
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 VII. LOWER EXTREMITY TRACTION

A. Apply Buck extension skin traction (Fig. 10-7) to the lower extremity to 
reduce muscle spasms about the knee or hip. However, do not use this form 
of traction for back conditions. Control rotation to some extent by placing 
the leg on a pillow with sandbags on the lateral side of the ankle. Although 
Buck traction is commonly recommended for hip fractures, its use should 
be limited in duration. For intracapsular fractures, keep the hip flexed to 
increase hip capsule volume and thereby limit pain. The effectiveness of this 
type of traction in decreasing pain has not been demonstrated.7,8

B. Hamilton-Russell traction (Fig. 10-8) may be used for hip or femoral frac-
tures, especially in children weighing 40 to 60 lb. Accomplish the traction 
with either skin traction or distal tibial skeletal traction plus a sling placed 
beneath the posterior distal thigh (avoid pressure in the popliteal fossa). A 
rope is attached to the sling and goes first to an overhead pulley, then to a 
pulley at the foot of the bed, next to a pulley on the foot plate attached to 
the spreader bar, then to a fourth pulley at the end of the bed, and finally 
to the attached weight. Analysis of the vector forces shows that the traction 
applied to the leg is increased considerably by moving the overhead pulley 
toward the foot of the bed. If this type of traction is used on a child, one 
usually attaches 3  lb to the traction apparatus. Produce a countertraction 
with the patient’s body weight by elevating the foot of the bed.

C. Split Russell traction has the same indications and vector forces as 
Hamilton-Russell traction. The difference is that split Russell traction 
uses two separate ropes and weights, as shown in Fig. 10-9.

Figure 10-7. Buck extension skin traction. Note the elevation of the foot of the bed 
and support under the calf. Protect the fibular head and malleoli. A weight of 5 to 
7 lb of traction is sufficient.
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D. Charnley traction unit (boot) is useful for applying skeletal traction to a 
lower limb and is recommended for routine use (Fig. 10-10). This limits 
rotational forces on the limb controlling alignment, maintains the ankle 
in neutral position, and limits the stress on the traction bow. The unit is 
assembled by inserting a wire or pin through the proximal end of the tibia 
and then incorporating the wire or pin in a short-leg cast. The advantages 
are as follows:
1. The foot and ankle are maintained in a neutral functional position.
2. The limb is suspended in a cast, and there is no pressure on the calf 

muscles or peroneal nerve.
3. Movement of the skeletal pin or wire is reduced to a minimum.

E. Balanced suspension skeletal traction provides a direct pull on either 
the tibia or the femur through a wire pin. Rest the lower extremity on a 
stockinet or a cloth towel stretched over a Thomas splint. The splint, with 
or without a Pearson attachment, is balanced with counterweights to sus-
pend the leg in a freely floating system. Attach separate suspension ropes to 
both sides of the proximal full ring Thomas splint, run the ropes through 
overhead pulleys, and fasten weights to ropes at either end of the bed but 

Figure 10-8. Hamilton-Russell traction. Note that the resultant force on the femur 
is a summation of vector analysis and depends on the position of the overhead pulley. 
Change the angulation of the distal fragment by moving the single overhead pulley.
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Figure 10-9. Split Russell traction is the same as Hamilton-Russell traction except that 
two separate ropes and weights are used instead of one.

not over the patient. Control rotation of the ring by individually adjusting 
the amount of attached weight. Suspend the distal end of the splint from a 
single rope to an overhead pulley, with the weight attached to the rope at 
one end of the bed. For safety reasons, place no weights over the patient. 
Control rotation of the extremity by a light counterweight attached to the 
side of the splint or by a crossbar attached to the plaster cast. The Charnley 
traction unit (boot) is ideally suited for both balanced suspension and fixed 
skeletal traction (which is discussed next) (Fig. 10-11). A Pearson attach-
ment allows for flexion motion of the knee joint, which is an advantage, 
especially for those in traction for a long period or for those who have a 
comminuted tibial plateau fracture.
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F. Use fixed skeletal traction in the initial treatment of femoral fractures 
in patients who will go on to intramedullary nailing or who need to be 
transported either in the hospital or to another facility.
1. In the rare situation in which the fracture must be reduced, the 

apprehensive patient or the patient with a transverse fracture usually 
requires general or regional anesthesia.

2. Apply the Charnley traction unit to the lower leg.

Figure 10-10. Charnley traction unit consisting of a skeletal wire or pin incorporated into 
a short-leg cast, which has a crossbar fixed to the sole. The unit is commonly employed for 
femoral fractures treated with skeletal traction.

Figure  10-11. With balanced suspension traction, the various weights are adjusted until 
satisfactory alignment and suspension of the femoral fracture are achieved within the Thomas 
splint. Note the Charnley traction unit, firm mattress, bed board, and master pad. Wrap an 
elastic bandage about the thigh and splint to minimize the acute swelling.
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3. Select a full or half ring Thomas splint that is 2 in greater than the 
proximal thigh.9 This leeway is critical because a ring that is too tight 
causes distal edema and one that is too loose is ineffective. The ring 
must fit against the fibrofatty tissue in the perineum and the medial arch 
of the buttocks. The half ring is placed against the ischium and the strap 
tightened snugly against the anterior thigh.

4. While the leg is supported in traction, place the ring on the limb. At-
tach a single master sling of nonextensible cloth (a double-thickness 
cloth towel is ideal) measuring 6 in to 9 in long to the splint beneath 
the fracture. Adjust tension to support the limb. If the sling is too tight, 
it causes excessive flexing of the proximal fragment; if it is too loose, it 
does not control the fracture. Attach this sling to the splint with several 
clamps.

5. Make a supporting or master pad that is 1 in to 1½ in thick and 6 in to 
9 in long from an abdominal dressing or a folded towel. Insert a safety 
pin into the pad to assist localization of the pad on roentgenograms. 
Place this pad beneath the fracture and adjust it to maintain the normal 
anterior bow of the femur. A single sling is placed on the Thomas splint 
distally to support the short-leg cast.

6. Check the reduction with follow-up radiographs. End-on reduction 
for transverse fractures is ideal in adults; take care to avoid distraction 
of the fracture. If the patient will have delayed intramedullary nailing, 
maintain some (5 to 10 mm) distraction, which will aid in intraopera-
tive reduction. In children, bayonet apposition is preferred. With the 
oblique fracture, it is important to feel bone-on-bone contact to be 
certain there is no soft-tissue interposition. If there is interposition, it 
can usually be dislodged by manipulation. Then assess length, align-
ment, and rotational positions and attach traction to the end of the 
splint. Extend two ropes from the Steinmann pin around the sides of 
the splint and attach them to the splint end. Tape two tongue blades 
together to form a Spanish windlass to adjust tension. After the first 
day or 2, when muscle spasm subsides, only slight traction is necessary 
to maintain the appropriate alignment. It might not be possible to gain 
full length initially because of unusual tense swelling of the thigh. At-
tach a second pad or C-clamp to add cross-traction if needed for better 
alignment, particularly in the more transverse fracture patterns.

7. Suspend the splint to allow patient mobility in bed and to reduce 
edema. Fig. 10-12 depicts the completed setup.

8. Follow-up care, particularly in the first few weeks, is important. Wash 
the skin beneath the ring daily with alcohol, dry thoroughly, and pow-
der with talc every 2  hours. The conscious patient may perform this 
care each hour and massage the skin to improve blood supply. If it is 
necessary to relieve skin pressure under the ring, apply traction directly 
from the end of the splint; slight distraction is preferred when intra-
medullary nailing is to be delayed for more than 24 hours. Be careful, 
however, not to cause distraction at the fracture site when using fixed 
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skeletal traction as the definitive treatment because it will produce a 
nonunion. Start quadriceps exercises within the first few days and con-
tinue on an around-the-clock basis. All the elements outlined earlier are 
essential for effective utilization of fixed skeletal traction.

 VIII. COMPLICATIONS OF SKELETAL TRACTION

A. An infection of the pin tract is a common complication, but its incidence 
is reduced when the previously stated guidelines for pin and wire insertion 
are carefully followed. If an infection with a small sequestrum occurs, it 
is wise to remove the pin, curette the pin tract, and replace the pin in the 
operating room under adequate anesthesia. The infection usually subsides 
satisfactorily with antibiotic therapy.

B. Distraction of bone fragments at the fracture site is avoided by frequently 
measuring extremity length, using roentgenograms to check the position of 
fragments, and by keeping traction to a minimum. Distraction is best assessed 
by lateral roentgenograms because anteroposterior roentgenograms may not 
be perpendicular to the fracture and may underestimate the distraction. 
Distraction can predispose to a delayed union or nonunion of the fracture.

C. Use heavy traction with care and close observation to avoid nerve palsy. If 
paralysis does occur, adjust and possibly abandon the traction.

D. Pin breakage is unusual, but can occur if very heavy traction is used for long 
periods, especially in a restless patient. To protect the pin, incorporate it into 
plaster in the manner of the Charnley traction unit. Decrease the potential 
of metal corrosion and fracture using a wire or pin that is not scored.

Figure 10-12. Fixed skeletal traction. Note the Charnley traction unit, the method of adjust-
ing traction force through the windlass, the position of the master pad, and the traction on the 
end of the Thomas splint to relieve skin pressure on the proximal thigh. Place an elastic bandage 
around the thigh and splint to help control edema.
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 I. PREPARATION FOR SURGERY

A. Scheduling surgery
1. Prepare the patient so that the risks, goals, and benefits of the selected 

procedure are understood. The patient or legal next of kin should know 
the nature of the patient’s condition, the nature of the proposed treat-
ment, the alternative treatments, the anesthetic risks, the anticipated 
probability for success, and the possible risks. Explain the postoperative 
dressings, casts or splints, exercise program, and other special require-
ments. When the patient has been so informed and has all questions 
answered, obtain a signed operative permit and mark the surgical sites 
with your initials.

2. Review the technique of the proposed operation. At the time surgery is 
scheduled, be confident that the patient’s condition meets the appropri-
ate indications for the proposed surgery. Know the anatomy and the sur-
gical approaches involved in the selected surgical procedure. Carefully 
plan the procedure with the proper alternatives to reduce the length of 
time the wound is open. Be sure that all special equipment, implants, 
assistance, and time are available as expected. Complete any necessary 
templating of roentgenograms and preoperative planning drawings.1

B. Before surgery
1. Patient preparation. Check to make sure the physical examination, 

chest roentgenogram, electrocardiogram, hemoglobin/hematocrit, 
and other indicated preoperative studies do not contraindicate sur-
gery. Obtain a preoperative consultation from a specialist in internal 
medicine for all patients with unstable medical conditions. Many 
centers require preoperative clearance for patients over the age of 
50 years. Order blood or type and screen, tetanus prophylaxis, and 
special medications as indicated. If an extremity operation is planned, 
be sure that the nails are properly trimmed and cleaned. Have the 
patient, family, and support system begin planning early for post-
discharge or postoperation disposition needs, such as transportation 
home, wheelchairs, hospital beds, wheelchair access to the home, and 
commodes.
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2. Antibiotics2

a. Preoperative antibiotics should be administered for surgery that 
is associated with a high risk of postoperative deep wound infec-
tion, that is, when any implant is inserted, the operation results in 
a hematoma or dead space, the anticipated operating time is greater 
than 2 hours, or the surgeon is operating on bones, joints, nerves, or 
tendons.3,4 Various studies have shown immediate preoperative and 
postoperative antibiotics to be beneficial with surgery involving mus-
culoskeletal tissues.2,4–6 See Chapter 4 for utilization of antibiotics 
with open wounds. The duration of antibiotic therapy can be limited 
to 24 hours postoperatively without increasing the risk to infection.

b. The timing of the antibiotic therapy is as important as dosage. 
Ideally, the antibiotic level should be highest when the tourniquet 
is inflated or the surgical hematoma (potential culture medium) is 
formed. Thus, the antibiotics must be given before surgery within 
30 minutes of the incision. Because the highest blood levels with 
intravenous (IV) administration are achieved immediately, the ideal 
time to give IV antibiotics is when the patient is in the preoperative 
area or operating room during the 10- to 15-minute period just be-
fore the tourniquet is inflated or before the surgical incision is made. 
The antibiotics are readministered at the recommended intervals 
throughout the operative procedure (generally every 3 to 4 hours). 
The surgeon must also be aware of the effect of blood loss on the 
antibiotic levels. If the blood loss equals one half of the patient’s 
volume, approximately one half of the effective amount of the an-
tibiotics has also been lost. The interval between the recommended 
doses for that patient, therefore, must be cut into half.

c. The authors recommend using one of the first-generation cephalo-
sporins, which are bactericidal for bacteria usually found in wound 
infections following musculoskeletal surgery: staphylococcal and 
streptococcal specimens. The recommended antibiotics are listed in 
Table 11-1.

3. Patients who have been on long-term steroid therapy may need adjust-
ments made in their steroid dosage when they undergo surgery or other 
major stress. The following is the simplest published regimen that the 
authors have found.7 The hospital service should be consulted to con-
firm the dosage plan:
a. On the day of surgery, order hydrocortisone sodium succinate 

(Solu-Cortef), 100 mg IV, to be given with the premedication before 
surgery.

b. Use the same dose on the first postoperative day.
c. Use 50 mg of hydrocortisone on the second postoperative day.
d. Use 25 mg of hydrocortisone on the third postoperative day, and 

then continue only with the patient’s normal oral daily dose.

4. Surgery in patients with insulin-dependent diabetes mellitus
a. In the morning before surgery, the patient should omit breakfast 

and take about one half of the normal insulin dose subcutaneously 
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(SQ). Again, the hospital service should be consulted before final 
orders are placed.

b. After surgery, use a glucose measuring instrument every 4 to 
6 hours to monitor blood glucose levels. The following sliding scale 
is useful: If the glucose level is greater than 350 mg per dL, give 
15 units regular insulin SQ. If the level exceeds 250 mg per dL, give 
10 units regular insulin SQ.

c. Return patients to their usual insulin dosage regimen as soon as they 
return to their normal activity level and to their usual American 
Diabetic Association diet.

5. Surgery in patients with hemophilia. Medical management of a 
patient with hemophilia who needs surgery requires precise assays of 
factor levels and prior survival studies of replacement factors to learn 
the effect of inhibitors and the biologic half-life in a particular patient. 
Aim to achieve 100% plasma levels just before anesthetics for surgery 
are administered. Maintain the level at 60% of normal for the first 
4 days and more than 40% for the next 4 days. A level of 100% is also 
necessary for manipulation of a joint under anesthesia and for removal 
of pins. A 40% level is needed for suture removal. Levels of 20% are 
maintained for postoperative physical therapy for as long as 4 to 6 weeks 
after major joint surgery. Forty units of factor per kilogram of body 
weight administered just before anesthesia (unless survival studies done 
before surgery show that higher doses are needed) usually achieve close 
to 100% plasma factor levels. The hematology service should be con-
tacted for assistance before placing the final orders.

C. Day of surgery
1. Be sure the anesthesia technique proposed is adequate in terms of dura-

tion, muscle relaxation, and ability to position the patient properly.8,9 
Supervise positioning, preparing, and draping so that the planned 
procedure could be accomplished without difficulty.10 Although the as-
sistant prepares the patient, the surgeon can go to the instrument table 
with the scrub nurse and review major instruments required and im-
plant from start to finish, outlining the planned procedure. The surgeon 
can also indicate what may be needed if any complications arise. The 
idea is to ensure that all equipment is immediately available, to review 
the procedure in the surgeon’s mind, and to prepare the entire surgical 
team so that the team and surgeon can work together efficiently. See 
Appendix E for the position and draping of the patient. See I.C.4.c for 
a discussion of skin preparations.

2. Pneumatic tourniquets11–13

a. When a tourniquet is to be used, the necessary apparatus includes a 
cuff with a smooth, wrinkle-free surface that is a proper size. Select 
a tourniquet so that the width of the cuff covers approximately one-
third of the patient’s arm length. Check the tubing for leaks. The 
tourniquet machine should have a safety valve release/alarm because 
excessively high pressures can cause paralysis. The inflating device 
must allow rapid attainment of desired pressure.
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b. Plan surgery to minimize the operative time and, as a consequence, 
the tourniquet time.14 The conventional safe maximum inflation 
time of the tourniquet is 2 hours. The cuff may be applied about 
the arm or thigh but generally not about the forearm. There is 
no evidence that padding between the cuff and the skin is of any 
value, and such padding can cause skin wrinkles. Apply a plastic 
sheet with the adhesive edge placed on the skin distal to the tour-
niquet and cover the tourniquet with the plastic sheet as shown in 
Fig. 11-1, thereby preventing skin preparation solutions from get-
ting underneath the cuff. Exsanguinate the limb with an Esmarch 
rubber bandage or with elevation of the limb above the patient’s 
heart for 60 seconds before inflating the tourniquet. An Esmarch 
bandage should not be used in cases of tumors or infection. Flexing 
the knee or elbow before inflating the tourniquet makes position-
ing and closure easier and prevents the possible complication of a 
ruptured muscle, which can occur by forced flexion of a tourniquet-
fixed muscle. Rapidly inflate to the desired pressure. This is 175 
to 250 mm Hg in the upper extremity, depending on the arm 
circumference and the patient’s systolic blood pressure, and 250 to 
350 mm Hg in the lower extremity, depending on thigh circumfer-
ence.11,15 Tissue pressure is always somewhat lower than tourniquet 
pressure, but at 30-cm circumference, it is close to 100%, declining 
to 70% at 60 cm circumference.11,15–17 The pressures should be de-
creased for infants and small children. Immediately after deflation, 
remove or loosen the cuff to prevent a venous congestion from 

Figure 11-1. Application of a pneumatic tourniquet.
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proximal constriction of the extremity. If the tourniquet is deflated 
and reinflated during surgery, the time for reversal of the tourni-
quet-produced ischemia is proportional to the tourniquet time; that 
is, approximately 20 minutes is required for reversal after 2 hours of 
tourniquet time. In addition, tourniquet effects occur more rapidly 
after repeated use, and there is probably some summation of these 
effects. Double tourniquets are used for IV-required anesthesia (Bier 
blocks).18 Individual variations such as age, vascular supply of the 
limb, condition of the tissues, and vascular diseases all influence 
the patient’s tolerance to tourniquet usage. In general, avoid using 
tourniquets in trauma cases except where dissection around major 
nerves is required.

c. Complications of tourniquets include blisters and chemical burns 
(from “prep” solutions that leak under the tourniquet) of the skin, 
swelling, stiffness, and paralysis. Electromyographic changes have 
been demonstrated following the use of a tourniquet even within the 
approved time ranges.

3. The following is a summary of Occupational Safety and Health 
Administration (OSHA) regulation No. 1920, “Bloodborne Patho-
gens,” emphasizing staff and surgeon responsibilities.
a. Wash hands immediately after removing gloves.
b. Wash (with soap and water) any exposed skin (or flush mucous 

membranes) immediately (or as soon as feasible) after contact with 
blood or potentially infectious materials.

c. Do not bend, cut, recap, or remove needles or other sharps. If 
recapping is the only feasible method, it must be done using a me-
chanical device or the one-handed method.

d. Do not eat, drink, smoke, apply cosmetics or lip balm, or handle 
contact lenses in work areas where there is a reasonable likelihood 
of occupational exposure.

e. Perform all procedures involving blood or potentially infectious 
material to minimize spraying and splattering.

f. If outside contamination of transport containers is possible (or 
there is a potential for puncture), place potentially infectious material 
in a second container to prevent leakage during handling.

g. Use personal protective equipment such as gloves, face shields, 
masks, gowns, shoe covers, and so on in situations in which there is 
risk of exposure to blood or potentially infectious material.

h. Following an exposure, complete an incident report identifying 
the route of exposure and source individual. A tube of the patient’s 
blood should be drawn, labeled “spin” and held until the patient’s 
consent can be obtained. The employee health nurse is to be con-
tacted for testing as indicated.

i. Hepatitis B virus immunization is recommended for all employ-
ees and is usually available by contacting the employee health nurse. 
The authors believe that every surgeon is responsible for knowing 
his or her own human immunodeficiency virus, hepatitis B, and 
hepatitis C serologic status.
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4. Prevention of surgical wound infections19

a. Operating room rituals are designed to decrease infection. Despite 
the best designs, wound contamination and subsequent wound in-
fection continue. It is generally conceded that most wounds become 
contaminated; however, usually only those with devitalized tissue, 
large dead spaced with accumulating hematoma, or foreign bodies 
become frankly infected. A study of the possible sources of coagulase-
positive staphylococci that contaminated surgical wounds during 50 
operations revealed that bacteria of bacteriophage types that were 
present only in the air were found in 68% of the wounds; 50% of 
wounds contained bacteria of bacteriophage types that were found 
in the patient’s nose, throat, or skin; 14% had bacteriophage types 
found in the noses and throats of members of the scrubbed surgical 
team; and 6% of the wounds had bacteriophage types found on the 
hands of the scrubbed surgical team. Maximum contamination oc-
curs early in the operative procedure when there is a considerable 
amount of air circulation caused by individuals moving about the 
room.3 After the air quiets, the rate of contamination is less, but an 
increased exposure time allows increased contamination. It is impor-
tant to keep traffic in the operating room to an absolute minimum, 
to walk slowly, and to avoid fanning the air with quick opening of 
the doors, drapes, and towels.

b. Studies show considerable variation in the filtration efficiency of 
different masks. Cloth masks are only about 50% efficient in filter-
ing bacterial organisms and are rarely used. Numerous disposable 
masks have a bacterial filtration efficiency greater than 94% accord-
ing to the manufacturers. Fiberglass-free masks are probably safer. 
Prolonged use (averaging 4½ hours of operation time) and the use 
of moist masks do not impair the ability to filter, except in the case 
of cloth masks. As the surgical masks work on a filtration principle, 
double masking can actually increase the air contamination with 
bacteria because double masking makes transportation of air through 
the mask pores more difficult and forces more unfiltered air to escape 
along the sides of the mask.

c. Although airborne contamination is by far the most important 
source of contamination, skin contamination does occur. Even 
with the use of 1% or 2% tincture of iodine, the deeper areas of the 
epidermis are not bacteria free. With a 1% concentration, no cases 
of skin irritation have occurred. If a higher concentration is used, 
however, the excess iodine should be removed with alcohol after 
30 seconds. One 5-minute scrub with povidone-iodine is as effective 
as a 10-minute scrub in reducing bacterial counts on the skin and 
keeping them down for as long as 8 hours. A 7.5% povidone-iodine 
(Betadine) skin disinfectant yields 0.75% available iodine. More 
recent work shows that chlorhexidine gluconate (Hibiclens) may 
be the scrub detergent of choice for both the surgeon and the pa-
tient.20–22 A comparative study among hexachlorophene (pHisoHex), 
povidone-iodine, and chlorhexidine showed the latter to be probably 
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the most effective. There was a 99.9% reduction in resident bacterial 
flora after a single 6-minute chlorhexidine scrub. The reduction of 
flora on surgically gloved hands was maintained over the 6-hour test 
period. In addition, the pharmacology of chlorhexidine is reportedly 
more effective against gram-positive and gram-negative organisms, 
including Pseudomonas aeruginosa.

d. Extremity draping. Adhesive plastic drapes do not totally eliminate 
the patient’s skin as a possible source of infection. Drape the extremi-
ties as described in Appendix E.

e. Intraoperative procedures to prevent postoperative wound infec-
tion include the elimination of any large collection of blood. A 
hematoma is an excellent potential culture medium. Wound suc-
tion is used whenever one anticipates continued bleeding into the 
wound; however, their use in fracture, joint replacement, and spine 
surgery has not been proven to decrease the incidence of wound 
infection. Surgical wounds are carefully irrigated to remove any 
potential contaminated residue before closing. In vitro experiments 
using bacitracin 50,000 units plus polymyxin B sulfate (Aerosporin) 
50 mg in a liter of saline or lactated Ringer solution have shown that 
100% of Staphylococcus aureus, Escherichia coli, the Klebsiella organ-
isms, and P. aeruginosa bacteria were killed by a 1-minute exposure 
to the antibiotic solution.23 Staphylococcus epidermidis organisms were 
also killed. Only the Proteus organisms showed significant resistance 
to this antibiotic irrigation (only 3% to 22% were killed). Proteus 
organisms are uncommon as a cause of immediate postoperative 
infections in musculoskeletal surgery, however, when the wounds 
are not previously contaminated or infected. Data indicate that ir-
rigation of surgical wounds with a solution containing bacitracin and 
polymyxin B sulfate or bacitracin and neomycin could potentially 
lower the incidence of postoperative infections.24 A large number of 
patients are sensitive to neomycin, so its use is generally discouraged. 
Polymyxin B is sometimes difficult to obtain from the manufacturer. 
In this situation, some surgeons use a dilute Betadine solution as a 
topical antibiotic irrigant; however, this solution is toxic to tissue. 
Data confirming that antibiotic irrigants are superior to sterile saline 
in preventing surgical wound infection are generally lacking in ortho-
paedic surgery. Splash basins are a source of bacterial contamination 
and should not be used.

f. The incidence of infection increases in wounds open for longer 
than 2 hours. Whether this is a result of the increased exposure to 
the air, failure of masks, skin contaminants, or more trauma in the 
wound is not certain. Even with lengthy surgical cases, with good 
surgical technique the rate of deep wound infection on “clean” or-
thopaedic cases should not exceed 1%.

g. Laminar air flow systems appear to be an effective means of re-
ducing postoperative infection rates as long as the flow of air is 
kept laminar or streamlined across the operative area (e.g., during 
hip surgeries). These systems are not effective if the air becomes 
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turbulent across the operative area because, for example, of the posi-
tion of people in the operating room (e.g., during knee replacement 
surgery).25

h. Hooded surgical exhaust systems are effective but can be 
cumbersome.

i. Whenever a subsequent surgical wound infection occurs in a 
clean, uneventful surgical case (particularly 2 to 3 cases within a 
month or two), consider a nasal culture from all those present at the 
time of the procedures.

5. Malignant hyperthermia
a. Pathophysiology. The target organ in malignant hyperthermia is 

skeletal muscle. Certain triggering events, such as the administration 
of volatile anesthetics or succinylcholine, precipitate release of cal-
cium from the calcium-storing membrane (sarcoplasmic reticulum) 
of the muscle cell. The abnormal transport of calcium results in 
recurrent sarcomeric contractions and consequent muscle rigidity. 
The metabolic rate is accelerated, causing heat and increased carbon 
dioxide production with accelerated oxygen consumption. Core 
body temperature increases.

b. History. The potentially fatal syndrome is an autosomal dominant 
metabolic disease. In 40% of reported cases, an orthopaedist is the 
first to encounter this disorder. The incidence in the United States is 
approximately 1:1,000. The syndrome is associated more frequently 
with patients having congenital and musculoskeletal abnormalities: 
kyphosis, scoliosis, hernia, recurrent joint dislocations, club foot, 
ptosis, or strabismus. Malignant hyperthermia can occur at any age 
but is most likely to occur in a young individual. After exposure to an 
anesthetic (or other stress), body temperature may rapidly increase.

c. Examination. A rapid elevation in body temperature is noted early; 
however, it may become present late or not at all. Cardiac arrhyth-
mias are usually concurrent, can progress to ventricular tachycardia, 
and may end in ventricular fibrillation with subsequent death. The 
soda lime canister may turn blue and become palpably hot. Tetanic 
muscle contractions occur in approximately 60% of cases. Like 
so many conditions in orthopaedics, early recognition is crucial. 
Temperature and electrocardiographic monitoring during surgery 
is mandatory. A rapid temperature elevation (even from an initial 
subnormal temperature), tachycardia, hypertonia of skeletal muscle, 
unexplained hyperventilation, overheated soda lime canister, dark 
blood, sweating, and blotchy cyanosis are all indicative of possible 
malignant hyperthermia.

d. Treatment
 i. Prevention

(a) Obtain a careful past history and family history, inquir-
ing especially about fatal or near-fatal experiences following 
emotional, physical, traumatic, or surgical stress or about a 
relative who died of an obscure cause in the perioperative 
period.
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(b) Dantrolene (approximately 12 mg per kg body weight) used 
IV is one of the mainstays of treatment and probably works 
by reducing calcium outflow from the sarcoplasmic reticu-
lum into the myoplasm.

(c) Avoid the use of volatile anesthetics (Fluothane) and suc-
cinylcholine (Anectine) in high-risk patients.

 ii. Management of an evolving malignant hyperthermia syndrome
(a) Immediately discontinue all anesthetic agents and muscle 

relaxants and terminate the surgical procedure as quickly as 
possible.

(b) Hyperventilate with oxygen.
(c) Use IV sodium bicarbonate, 4 mL per kg body weight, and 

repeat as necessary until blood gases approach normal.
(d) Administer mannitol, 1 g per kg body weight and furose-

mide (Lasix), 1 mg per kg body weight, which help maintain 
urine output to clear myoglobin and excessive sodium.

(e) Treat hyperkalemia with approximately 50 mg of IV glucose 
with 50 units of insulin.

(f ) Control arrhythmias.
(g) Cool the patient with immersion in ice water and expose 

to an electric fan to facilitate evaporation. Refrigerated sa-
line or Ringer lactate administered IV is helpful. Maintain 
cooling procedures until the body temperature is less than 
38°C.

(h) Physiologic monitoring by electrocardiography and mea-
surement of the central venous pressure, blood gases every 
10 minutes, volume and quality of renal output, serum elec-
trolytes, glucose, serum glutamic oxaloacetic transaminase, 
creatine phosphokinase, and blood urea nitrogen is important.

(i) Good prognostic signs are lightening of the coma (often 
heralded by restlessness), return of reflexes, return to normal 
temperature, reduced heart rate, improved renal output, and 
return of consciousness.

e. Complications
 i. Weakness and easy fatigability persist for several months.
 ii. Death owing to ventricular fibrillation can occur within 1 or 

2 hours from the onset of the condition. If death occurs later, 
it is usually a result of pulmonary edema, coagulopathy, or mas-
sive electrolyte and acid–base imbalance. If the patient dies after 
several days in a coma, the cause is usually renal failure or brain 
damage.

 II. ORTHOPAEDIC OPERATING ROOM INSTRUMENTS AND THEIR USAGE

A. Introduction. Much of the remaining discussion is modified from a 
psychomotor skills course originally organized for the University of Wash-
ington Department of Orthopaedic Surgery residents by F. G. Lippert III, 
M.D., in the 1980s.
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B. Techniques for checking the function of grasping type surgical instru-
ments.26 The breakdown of high-quality instruments is often the direct 
result of their misuse. Forceps, hemostats, needle holders, and clamps are 
frequently misused in orthopaedic surgery. They can be misapplied to 
 various pins, nails, screws, and plates when pliers are not readily available. 
They are also misused to clamp large sponges, tubing, and needles.
1. It is annoying to a surgeon and hazardous to the patient when forceps 

or a hemostat springs open. This mishap is caused by forceps malalign-
ment, worn ratchet teeth, or lack of tension at the shanks.
a. Start the equipment check by visually checking jaw alignment by 

closing the jaws of the forceps lightly. If the jaws overlap, they are 
out of alignment. Then, determine whether the teeth are meshing 
properly on forceps with serrated jaws. In addition, try to wiggle the 
instrument with the forceps open and holding one shank in each 
hand. If the box has considerable play or is very loose, the jaws are 
usually malaligned and the forceps need repair.

b. To check the ratchet teeth on instruments, clamp the forceps to the 
first tooth only. A resounding snap should be produced. Then hold 
the instrument by the box lock and tap the ratchet teeth portion of 
the instrument lightly against a solid object. If the instrument springs 
open, it is faulty and needs repair.

c. Test the tension between the shanks by closing the jaws of the 
forceps lightly until they barely touch. At this point, there should be 
clearance of 1/16 in or ⅛ in between the ratchet teeth on each shank.

2. To test the function of the needle holder, first clamp the needle in 
the jaws of the holder, then lock the instrument on the second ratchet 
tooth. If the needle can be turned easily by hand, set aside the instru-
ment for repair. When the instrument is new, it holds a needle securely 
on the first ratchet tooth for a considerable time. Needle holders such 
as a Crile, Wood, Derf, or Halsey, used in plastic surgery, should hold 
at least a 6-0 suture. Needle holders such as Castroviejo or Kalt should 
hold a 7-0 suture.

C. Surgical exposure instruments. There are various methods for testing the 
efficiency of surgical scissors. The Mayo and Metzenbaum dissecting scis-
sors should cut four layers of gauze with the tips of their blades. Smaller 
scissors (less than 4 in long) should be able to cut two layers of gauze at the 
tips. All scissors should have a fine, smooth feel and require only minimum 
pressure by the blades to cut properly. The scissors action should not be too 
loose or too tight. Check the tips of the scissors for burrs or for excessive 
sharpness. Closed tips of the scissors should not be separated or loose. The 
precise setting of the blade is very important. Sharpening surgical scissors is 
a skilled procedure, usually requiring an exceptional craftsman to properly 
grind and set the blades.
1. Periosteal elevators

a. Periosteal elevators are instruments designed to strip (or elevate) 
periosteum from bone. As the instrument is pushed along the sur-
face of the bone, the soft tissue is lifted from the underlying bone. 
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Periosteal elevators are thus instruments for blunt dissection and 
are designed to follow bony surfaces without gouging into the bone 
or wandering off into the soft tissues. They are also useful in blunt 
separation of other tissue planes such as in the exposure of the hip 
joint capsule. The use of periosteal elevators is most satisfactory in 
areas where tissue planes are not too firmly adherent. At bony attach-
ments of a ligament or capsule, collagen fibers plunge deeply into the 
bone so that the elevator does not slide within a tissue interspace; 
sharp dissection with a scalpel is more appropriate here. In fracture 
fixation, periosteal stripping, which can adversely affect blood supply 
and bone healing, should be minimized where ever possible.

b. Elevators are made in different sizes and shapes. They may be nar-
row or wide. Sharp corners allow insertion of the instrument into 
a tissue plane or beneath the periosteum. On the other hand, most 
blade corners are rounded to avoid producing damage when pressure 
is applied to the central portion of the blade.

c. The technique of making a periosteal incision with a scalpel before 
the elevator is used helps form well-defined edges. When periosteum 
is being elevated from bone, the first rule of safety is to always keep 
the blade against bone. If the instrument is allowed to slip off into 
the soft tissues, vessels and nerves can be damaged. It is important 
to use two hands whenever possible to have a stable grasp on the 
instrument and to maintain fine control. A gentle rocking motion 
while advancing the blade produces more even results (Fig. 11-2). 
Although periosteal elevators need not be honed to the same sharp 
edge required for bone-cutting osteotomes, they do require some 
tissue-penetrating ability to be most effective. Nevertheless, they 
should not be so sharp as to incise soft tissue instead of stripping it.

Figure 11-2. Proper use of a sharp-edged periosteal elevator. (From G. Spolek, unpublished 
data, 1974 with permission.)
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d. Important guidelines for tool selection and usage
 i. Select the correct size. Generally, use a small elevator for small 

bones and a large elevator for large bones.
 ii. Select the correct shape. Usually, a sharp elevator is used to 

elevate periosteum and a rounded elevator to dissect soft tissue.
 iii. The periosteum is incised with a scalpel.
 iv. The corner of the elevator is used to reflect a periosteal edge.
 v. The periosteum is elevated evenly without tearing.
 vi. The elevator is kept on the bone.
 vii. The bone is not engaged by the elevator.
 viii. A rocking motion is used while advancing the elevator.
 ix. Two hands are used, one for power and one for stability and 

dissecting.
 x. Overpenetration into the soft tissues by the elevator should be 

avoided.
 xi. A gentle technique must be used.

D. Bone cutting instruments: osteotomes, gouges, and mallets.
1. The major difference between an osteotome and a chisel is that an 

osteotome bevels on both sides to a point, whereas the chisel has a bevel 
on only one side (Fig. 11-3). The term osteotome is made up of osteo, 
which means “bone,” and tome, which means “to cut”; the purpose of 
the tool is to cut bone. The cut should be produced under excellent 
control; otherwise, the bone can be split. Osteotomes come in different 
shapes and sizes. There are different types of handles that make for dif-
ferences in holding and striking surface capabilities.

2. Selection of instruments
a. Chisels are used to remove bone from around screws and plates 

instead of osteotomes because they can be easily sharpened when the 

Figure 11-3. Differences between an osteotome and a chisel. A: A chisel. B: Two types of 
osteotome.
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edges are nicked from being hit against the metal. It is better to keep 
a set of chisels specifically for removing metal implants.

b. Osteotomes are used to cut bone and to shave off osteoperiosteal 
grafts. In fusion procedures, they are used to remove the cartilage and 
subchondral bone as well as to perform “fish scaling” of the surface 
of bone for bone graft union.

c. Gouges are used to provide strips of cancellous bone graft from the 
iliac crest. They are also used to clean out the cartilage and subchon-
dral bone from concave joint surfaces.

d. Mallets are used to produce power to drive the aforementioned tools 
through bone and cartilage.

3. Proper technique
a. The dominant hand is used to grasp the mallet, which strikes the 

back of the instrument and drives it through bone. While hitting 
the osteotome through bone of increasing density, notice that 
the sound becomes high pitched and the osteotome moves a shorter 
distance with each blow. In addition, there is a tightening or hold-
ing quality about the osteotome so that it moves less freely. This 
tightness is an indication that bone is coming under more tension 
and that a split of the bone is about to occur. Decrease the tension 
by working the osteotome back and forth through the bone. Oc-
casionally, it is necessary to remove the osteotome to take a different 
direction or a slightly different angle. It is frequently important to 
prescore the bone so that the cutting goes directly toward it instead 
of splitting the bone in an unwanted area.

b. Precautions include preventing the osteotome from sliding off the 
bone or from cutting through the bone rapidly and then plunging 
into soft tissue. The nondominant hand merely supports and directs 
the osteotome against bone until it gets started but does not apply 
any major pressure on the tool. Starting the cut is best accomplished 
by placing the osteotome at right angles to the bone, then angling 
the tool only after the initial score and cut have begun. These precau-
tions protect both the patient and the hands of the assistant.

4. Specific maintenance is necessary in the handling and sharpening of the 
tools. The sharpening of an osteotome or a gouge is a difficult and criti-
cal procedure that must be undertaken with great caution. If the tool is 
overheated during sharpening, the temper is lost. The loss can be recog-
nized by the bluish-gray color of the metal in contrast to the silvery color 
usually associated with stainless steel. In addition, care must be taken in 
cleaning and handling the tools while they are on a surgical table so that 
the ends do not become damaged by other instruments. Keep them in a 
rack during the sterilization process, not in a basin with other tools.

E. Bone saws and files. In general, the operator must control the amplitude, 
direction, and length of force applied to the saw. The use of saline irrigation 
to disperse heat is always recommended.
1. The proper use of Gigli saw includes making a scribe mark at the start 

of the technique if possible. The surgeon must be careful not to drop 
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or tangle the saw cable, to keep the cable at approximately 90°, and to 
use the middle two-thirds of the saw while applying a constant, steady 
tension. Excess body movement should be avoided to produce a straight 
bone cut. The use of saline coolant is recommended.

2. A bone file or rasp is usually used to round the edge of a bone cut. Both 
hands should be used to control the direction of the tool and only a 
forward force should be applied.

F. General bone screw biomechanics
1. Holes are generally drilled in bone for the purpose of inserting screws 

to hold orthopaedic implants. Careful, even compulsive, attention to 
detail in selecting equipment and in drilling holes properly is vital to the 
performance of an implanted fixation device. The interlocking threads 
of screw and bone overlap by less than 0.02 in. Any failure of equipment 
or technique that decreases this margin drastically reduces the holding 
power of the screw. Given the severe loading environment in which 
most orthopaedic implants operate, the holding power of a screw is an 
important matter. Force concentrations that occur when a screw fails to 
hold properly can result in a rapid failure of the implant.

2. Drill bits1

a. Common defects in equipment. As hole drilling is frequently taken 
for granted (the major attention being paid to the implant itself), 
drill bits come to the operating room in various stages of disrepair.

 i. A dull point is one of the most serious and least noticed defects. 
When the point is sharp, virtually all heat generated in drilling is 
carried away in the bone chips that are formed. Even slight dull-
ness drastically increases friction between the point and the bone. 
This friction causes excessive heating and can affect the strength 
of the bone around the hole as well as cause inefficient cutting, 
which results in an oversized hole.

 ii. The flutes should be examined for nicks and gouges that score 
the walls of the hole, causing excessive heating and oversized 
holes; if identified, the drill bit should be discarded.

 iii. A drill with a scored shank does not sit straight in the chuck and 
causes the same trouble as a drill sharpened off center.

 iv. Drill bits of the wrong size are sometimes selected. A difference 
of just one-hundredth of an inch is enough to diminish the hold-
ing power of a screw severely, even though insertion of the screw 
appears normal.

 v. A bent drill bit causes the same difficulty as a drill bit sharpened 
off center. One cannot tell whether a drill bit is bent by simply 
looking at it; it must be rotated in the fingers. Even small bends 
create holes that are irregular, and the drill bit is very susceptible 
to breakage.

b. Technique
 i. Prevent the drill point from wandering off center.

(a) To keep the point from wandering on penetration and to 
protect surrounding soft tissues, use an appropriate-sized 
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drill guide. Start the hole perpendicular to the surface. 
When bone penetration begins, shift to the desired direction. 
Always use saline to cool the drill bit.

(b) Thin surgical drill bits are flexible, and if the drill is inad-
vertently held slightly off perpendicular when starting the 
hole, the point may bend the opposite way, making the point 
wander.

(c) If the drill bit is not positioned properly in the chuck or if 
debris is present in the chuck or on the shank, the drill bit 
may wander off center. Another error involves insertion of 
the drill bit too deeply into the chuck, which causes damage 
to the flutes when the drill is tightened. Check the drill for 
these problems before proceeding.

 ii. Tighten the chuck down. If the chuck is loose, it can rotate 
relative to the drill and score the shank.

 iii. Too little force (not too much force) is a common defect in 
technique. Push hard enough to cause a constant progression of 
the drill bit; otherwise, too much energy is being dissipated as 
friction rather than as cutting, causing excessive heating.

 iv. Avoid overpenetration. Slow the drill motor when the drill bit 
tip begins penetrating (noted by a change in resistance) and fin-
ish with care. With care, the surgeon will note that the pitch of 
the sound made by the drill drops just before penetration of the 
cortex. The tip should not penetrate more than one-eighth of an 
inch through the opposite cortex.

 v. When the drill bit breaks through the opposite cortex, keep it 
rotating in the same direction as you back it out. The chips are 
thus carried out with the drill bit instead of being left in the hole.

 vi. Drill motors should be lubricated frequently. Special surgical 
lubricants are available. Do not use mineral oil or ordinary oil 
because they are not permeable by steam and can harbor bacteria 
and spores even after autoclaving.

 vii. Battery packs for power equipment should be kept charged with 
backups available.

c. Adhere to the following points when using drills:
 i. Choose the correct drill bit. Reject dull, scored, bent, oversized, 

and incorrectly pointed drill bits. In general, use new drill bits for 
each case.

 ii. Insert the drill bit correctly in the chuck with the drill bit 
centered and the chuck tightened on the shank only. Use quick 
release systems whenever possible to avoid potential problems.

 iii. Tighten the chuck sufficiently.
 iv. Start the drill hole perpendicular to the surface; then change 

to the desired direction.
 v. Maintain adequate pressure on the drill to promote cutting and 

lessen heat production.
 vi. Maintain the proper direction of the hole and penetrate the far 

cortical wall carefully, with the drill bit minimally penetrating.
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 vii.  Keep the drill rotating while backing it out in order to clear 
the hole of bone chips.

3. Screws1

a. Cortical bone screws are fully threaded and come in various sizes for 
different sized bones. Non–self-tapping screws require a tap to cut 
the threads into the bone before insertion (Fig. 11-4).

b. Cancellous bone screws have a thinner core diameter plus wider 
and deeper threads to better grip the “spongy” bone. They are fully 
or partially threaded. Tapping is required only through the cortical 
surface.

c. Lag screw fixation can be achieved with either a partially threaded 
cancellous screw or by drilling a “gliding hole” (of the same size as 
the outer thread diameter) for the near cortex, allowing a cortical 
screw to produce lag compression.

d. Large, medium, and small (7.3 to 3.5 mm) cannulated cancellous 
bone screws are designed to pass over a guidewire. With this type 
of system the surgeon can place a guidewire exactly where desired 
so that the cannulated drill, tap, and screw passes over this wire for 
precise placement. Care must be taken to not drill beyond the tip of 
the guidewire during predrilling as the wire will come out with the 
drill bit.

e. Length of screw. Drilling the proper hole is only the first step in 
firmly fixing the screw into the bone. The second part is selecting a 
screw that is of adequate length.27

 i. To use a depth gauge properly, do not insert the gauge any 
farther than necessary. Be sure to have hooked the far end of 

Figure 11-4. Comparison between ASIF and standard cortical bone screws.
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the hole and not an intermediate point. Consider allowing addi-
tional length (usually 2 mm) over the scale reading on the depth 
gauge when choosing the screw length.

 ii. A self-tapping screw has a tapered point whose holding power is 
further reduced by the flutes cut for tapping purposes. The distal 
2 mm of the self-tapping screw has no holding power at all, and 
the next 2 mm has very little. Screw lengths are measured from the 
proximal edge of the chamfered head to the distal point of the screw 
(Fig. 11-4). If a screw is installed in a plate, additional length 
must be allowed. Given the fact that bone screws hold principally 
in cortical bone, a screw that is short by 4 mm may lose 50% of 
its holding power.

 iii. When a screw is inserted on a subcutaneous border of bone, the 
hole should be countersunk before the depth is measured and the 
screw inserted.

 iv. Tighten the screw snugly and no more, so as not to strip the 
threads of the bone when inserting the screw. Retighten cortical 
screws three times to allow for the obligate loss of strain between 
screw and bone resulting from loss of fluid in the bone and stress 
relaxation.

G. General principles of plating are described in the following paragraphs 
and generally follow the concepts and techniques advocated by the Associa-
tion for the Study of Internal Fixation (AO/ASIF) group, which supplies 
the most widely used fracture fixation implants in use. The plates are listed 
by their general biomechanical functions.13

1. Protection or neutralization plates are used in combination with lag 
or other screws and protect the screw fixation in diaphyseal fractures. 
Without the plates, the screw fixation by itself does not withstand much 
loading and does not allow for early range of motion. The lag screws 
provide for most of the interfragmental compression and the plate pro-
tects the screws from torsion, bending, and shearing forces (Fig. 11-5).

Figure 11-5. Application of a conventional or neutralization internal fixation plate. The neu-
tral drill guide is used. Neutralization plate allows for more loading of the fracture than simple 
lag screw fixation.
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2. The dynamic compression plate (DCP) brings compression to the 
fracture site by its design. Recently, low-contact dynamic compression 
plates (LCDCPs) and point contact plates have been developed that al-
low greater freedom in screw insertion through the plate and also limit 
the pressure necrosis effect of the plate on the cortical bone surface1 
(Figs. 11-6, 11-7, and 11-8).

3. By their nature, many epiphyseal and metaphyseal fractures are subject 
to compression and shearing forces. Lag screws are used to reconstruct 
the normal anatomy, but they cannot overcome the forces of shear and 
bending because of the thin cortical shells in these areas, especially in 
comminuted fractures. The fixation is supplemented with supporting 
or buttress plates to prevent subsequent fracture displacement from 
shear or bending stresses. Specially designed buttress plates include the 
T plate, the T buttress plate, the L buttress plate, the lateral tibial head 
plate, the spoon plate, the cloverleaf plate, and the condylar buttress 
plate. Additional plates for special locations (e.g., proximal and distal 
tibia, calcaneous) have recently been marketed.

4. Over the past decade, locking plates have been developed to add rigidity 
in metaphyseal fracture areas where angulatory stresses are highest. The 

Figure 11-6. A longitudinal section of the DCP screw hole. Insertion of the AO/ASIF screw 
causes self-compression of the fracture site by the plate by sliding down an inclined cylinder to a 
horizontal one. (From Mueller ME, et al. Manual of Internal Fixation. 2nd ed. Berlin, Germany: 
Springer–Verlag; 1979:71 with permission.)
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Figure 11-7. Application of self-compression plate. The load drill guide is used for placement 
of the second drill as shown in the top illustration. The other holes are drilled with the neutral 
drill guide. (From Mueller ME, et al. Manual of Internal Fixation. 2nd ed. Berlin, Germany: 
Springer–Verlag; 1979:67, 75 with permission.)
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sides of the screw heads are threaded and rigidly engage the threaded 
holes in the plate. Specially shaped plates have been developed for 
metaphyseal applications all over the skeleton by every implant manu-
facturer. The same technology has been developed for diaphyseal plate 
applications to help with clinical situations of extreme osteoporosis 
where the screw/plate/bone interface is at risk due to poor bone pur-
chase with the screw threads.

5. To restore the load-bearing capacity of an eccentrically loaded fractured 
bone and minimize the forces borne by the fixation device, it is necessary 
to absorb the tensile forces (the result of a bending movement) and con-
vert them into compressive forces. This requires tension band fixation, 
which exerts a force equal in magnitude but opposite in direction to the 
bending force (assuming the bone is able to withstand compression).1 
Therefore, comminuted fractures should be treated with other fixation 
devices or protected longer from bending moments.
a. Ideally, tension band plating techniques are used on the femur, 

humerus, radius, and ulna.1

b. Tension band wire internal fixation
 i. The purpose of tension band wire internal fixation is to secure 

the fragments of fractures in such a way that the application of 
normal forces (muscle forces, loads generated by walking) pro-
duces a compression of the fragments at the fracture site instead 
of pulling the fragments apart. The advantage of this technique 
is that the fixation is secure enough to allow early (if not im-
mediate) use of the limb. Indications for tension band wiring are 
generally in the treatment of avulsion fractures at the insertion 
of muscles, tendons, or ligaments. If one has to deal with a rota-
tional component or when accurate reduction of the fragments is 
vital, introduce two parallel Kirschner wires before the insertion 
of the tension band. The tension band then is passed around the 
wire ends.

 ii. The tension band principle works only when there are applied 
natural forces that tend to bend the bone at the fracture site. 
The olecranon, patella, and tip of the fibula are examples of 
such sites. Fig. 11-9 describes the principles of tension band wire 
internal fixation for the treatment of a transverse fracture of the 
olecranon.

Figure 11-8. Dynamic compression plate with lag screw. The compression through the plate 
is applied first; then the lag screw is added to prevent a shear force on the lag screw.
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 iii. As shown on Fig. 11-9, a single-screw fixation without a 
tension wire loop is not adequate because the screw bends 
with triceps activity and only half the fracture site is placed in 
compression.

 iv. It is evident that the wire is pulled in tension by the bending 
effect of the muscle force. Therefore, whatever force is exerted 
across the bony interface must be compressive and equal in 
magnitude to the force carried by the wire.

 v. Note that the tension band wiring does not provide the desired 
rigidity for loading from all directions. It is intended to resist 
only the strong tension forces applied through the action of spe-
cific muscles or through loading.

 vi. The application of tension band wire fixation is discussed in the 
treatment of olecranon fractures in Chapter 19, III.B and of 
patellar fractures in Chapter 25, III.A.3.

Figure 11-9. The principles of tension band wire internal fixation as applied to a transverse 
fracture of the olecranon. Forces on an intact olecranon cause a bending moment. A: Same 
forces on a transverse fracture of the olecranon cause the fracture to open. B: Screw fixation 
provides only partial compression of fracture. C: Fixation of the cortex under tension creates 
equal compressive forces across the fracture site.
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6. Numerous other plates and screws serve the aforementioned func-
tions with various shapes and sizes to adapt to the local anatomy. They 
include straight and offset condylar blade plates, reconstruction plates 
(more easily contoured in all three planes, which make them optimum 
for use in the pelvis and distal humerus), dynamic hip screws, dynamic 
condylar screws, and specialized locking plates where the screw head is 
threaded into the plate. These are especially useful in osteoporotic bone.

7. Contouring internal fixation plates. Internal fixation plates may be 
contoured to fit the bone before application. Such contouring increases 
the bone–plate interface area so that the loads normally carried by the 
bone can be transferred to the plate by friction rather than pure shearing 
on the bone screws. To contour a plate template, press the aluminum 
template of the proper length against the bone, then bend the plate to 
match. Plate benders may be handheld singular, handheld pliers, and 
table-mounted bending presses. Locking plates in general should not be 
contoured, as the hole configuration will be distorted.
a. The bending press gets the most use because most contouring is 

two-dimensional. The anvil is adjustable so that the handle can be 
used in the position with the best control (near the end of its travel). 
The hand press is used mainly for small plates, for plates with a 
semitubular cross section, and reconstruction picks. There are three 
different anvils (straight, convex, and concave) to prevent squashing 
of the semitubular plates. The bending irons are for applying twists 
and are most conveniently used when the jaws are opened upward to 
prevent the plate from falling out and when the handles are on the 
same side of the plate. Theoretically, uniform twist occurs between 
the irons, so start with them at the ends of the desired twist length. 
Once the twist is started, move the irons closer together to get lo-
calized contours. DCPs are weakest through the holes, where most 
of the twist occurs, so try to position the irons to prevent excessive 
bends at any one hole. Use the press first because the plate does not 
fit the anvil if the bending irons are used to twist beforehand. LCD-
CPs have more uniform characteristics and do not bend at the holes. 
Fig. 11-10 illustrates the three types of instruments.

b. Important guidelines in usage
 i. Bend the plate to form a smooth, continuous contour. Because 

the press causes a single, rather abrupt bend directly beneath the 
plunger, a long continuous curve is best formed by several small 
bends rather than a few sharp bends.

 ii. Avoid bends through screw holes because they alter the shape 
of the countersunk surface of the hole so that the screw does not 
seat properly. If a bend must be made through a screw hole, go 
easy on the press handle because the plate is weaker at a hole and 
less force is required to bend it.

 iii. If the required contour contains a series of shallow and sharp 
bends, do the shallow ones (greatest radius of curvature) first 
and progressively work toward the sharper bends, as shown in 
Fig. 11-11. This procedure tends to produce smooth contours 
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Figure 11-10. Plate benders.
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and allows easier template matching. Contouring to fit a bump 
or knoll on the bone surface requires three bends: two convex 
and one concave.

 iv. Do not overbend but ease into a contour (see Fig. 11-11). 
Overbending requires straightening, which, besides being time-
consuming work, hardens the plate in that area and thus reduces 
the strength of the plate.

Figure 11-11. Steps in plate contouring.
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Bend shallow curve first Bend one convex curve first

Bend the next sharpest curve Next bend the concave curve

Finish with the sharpest curve Finish with the other convex curve



Chapter 11 • Operating Room Equipment and Techniques  2 2 1

 v. When contouring the plate, do not match the template exactly, 
but rather alter (underbend or overbend) the shape so that there 
is a 1- to 2-mm clearance between the plate and the bone at 
the site of a transverse fracture. This technique causes com-
pression of the cortex opposite the plate when the screws are 
tightened.

 vi. Minimize scratching or marking of the plate surface. If the 
surface is scratched, a potential corrosion site is created. There-
fore, use the proper bending irons with smooth jaws rather than 
vise grips.

H. Cerclage is a technique of encircling a fractured bone with Parham-Martin 
band, stainless steel or titanium wire, Dahl-Miles cable, or other nonab-
sorbable material to hold the fracture in reduction in conjunction with 
stronger, more permanent fixation. Cerclage is not recommended as a pri-
mary method of internal fixation of fractures. There are many techniques 
for applying cerclage wire.

1. General rules of wire cerclage
a. Avoid putting kinks in the wire. Kinking is easy, particularly if the 

wire is coiled. Kinks result in stress concentrations that drastically 
reduce the fatigue strength of the wire.

b. Be sure that the loop around the bone is perpendicular to the 
long axis of the bone. Otherwise, the loop may appear tight, but 
any slight movement causes it to shift and loosen.

c. Use the cerclage wire only to hold the fracture site in reduction, not 
to apply compression. The wire is not strong enough to apply useful 
compression. Tighten the wire only until it is snug; be careful not to 
overtighten while making the knot.

d. Use the proper-sized wire; 18G is common and has sufficient 
strength. The area of the wire is a measure of its load-carrying 
capacity, which depends on the square of the diameter. Thus, the 
load-carrying capacity decreases considerably with even moderate 
decreases in radius.

2. Wire tighteners
a. The Bowen wire tightener is an excellent tightener (Fig. 11-12). 

Both wires are passed into the nose of the appliance and out the 
side. The outer wheel is turned to secure the wire against the inside 
cylinder. By turning the inside wheel, the inside cylinder is pulled up 
the handle of the device, effectively tightening the wire to the desired 
tension. The whole instrument is rotated to twist the wire, and the 
wires are then easily cut just distal to the last twist.

b. The Kirschner wire traction bows (see Fig. 11-1) have a mechanical 
advantage that varies with the jaw opening. The lowest mechanical 
advantage is in the fully closed position; this increases gradually with 
increasing jaw width. The average mechanical advantage for both 
the large and the small bows is 30:1. The last one-fourth inch of jaw 
opening coincides with a sudden increase in mechanical advantage of 
greater than 400:1, but this last one-fourth inch is rarely used.
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c. Comparison of knot strength. The types of knots described here 
were tied in 20G steel wire and pulled apart in a tension test machine:

 i. Type of knot/maximum force before failure
(a) ASIF loop/15.8 lb
(b) Twist (one turn)/23.2 lb
(c) Twist (three turns)/24.2 lb
(d) Square knot/59.0 lb

ii.  These results do afford some conclusions. An ASIF 1oop is the 
weakest and is heavily dependent on careful knot formation for its 
strength. The twist is 47% stronger, but additional turns beyond 
the first 360° turn do not significantly increase the strength of the 
knot. The reason for using several twists is to provide some residual 
resistance after untwisting begins, although whether this resistance 
actually occurs has not been determined. The square knot is the 
strongest of all. Failure occurs by wire fracture just below the knot.

I. Principles of intramedullary nailing
1. An intramedullary nail allows for internal splinting with a fixation 

device in the medullary canal. The possibility of gliding along the 

Figure 11-12. The Bowen wire tightener.
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dynamically locked nail promotes compression forces at the fracture 
site, and the stability from the long working length of the nail pro-
vides stiffness.

2. This necessary reaming of the canal and resulting disruption of the 
endosteal blood supply in a severely open fracture that already has 
disruption of the periosteal blood supply may increase the chance for 
a nonunion or infection. In these situations, the use of a smaller un-
reamed nail seems to provide satisfactory results. Because these smaller 
unreamed nails have less mechanical stability, they generally require 
interlocking (placing one or two screws across the cortex and nail 
superiorly and inferiorly).1 The incidence of implant failure by fatigue 
fracture is much greater than the larger diameter implants inserted with 
reaming.

3. In addition to the aforementioned indications, the treatment of complex 
fractures requires an interlocking nail to prevent excessive shortening 
and rotation. It is recommended to always statically lock the nail to 
avoid malrotation and shortening, which can occur related to unrecog-
nized minimally displaced cracks.

J. External skeletal fixation
1. The use of external fixation, particularly in the treatment of commi-

nuted or open fractures, has regained popularity. Lambotte (1902) is 
generally given credit for the first use of external pin fixation. Anderson 
(1934), Stader (1937), and Hoffman (1938) all popularized a technique 
of external skeletal fixation. Vidal and Adrey, using the Hoffman ap-
proach, further refined the technique. Most recently, Ilizarov developed 
and popularized the ring fixator with small wire transfixion for use in 
limb lengthening, bone transport, and fracture fixation. More recent 
frame designs incorporate thin wire and half pin options with cor-
responding computer programs to plan correction of deformity where 
they are used in reconstruction applications.

2. Multiple external fixators are currently on the market. Regardless of 
which technique is used, certain basic principles must be followed.
a. The insertion of the pins and the attachment of the external skeletal 

fixation is a major procedure performed in the operating room fol-
lowing all normal operating room procedures.

b. The skin and fascia must be incised so that there is no shear stress 
on these structures that could result in necrosis.

c. The pins must be inserted slowly with a hand chuck after predrill-
ing with a saline-cooled drill bit to avoid heat necrosis of bone.

d. There must be a minimum of two pins above and two pins below 
the fracture. Three pins add a small amount of stability in some sys-
tems. Maximal fracture stability is achieved using half pins separately 
within each bone segment, with wide separation, and by placing the 
connecting bar as close to the skin as possible. Additional stability 
is attained by stacking a second bar (this must be done by planning 
ahead because parallel pins are required in some systems) or using a 
second row of pins and connecting bar.
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e. Terminally threaded half pins are used to prevent loosening and 
sliding of the unit in the bone.

f. Avoid motion of skin and fascia against the pins.
g. Use strict aseptic techniques when dressing the pin sites.
h. Avoid distraction. Make adjustments to ensure coaptation or im-

paction of the fracture fragments during the course of healing.
i. Studies have clearly shown that external fixation devices can be 

used to treat fractures to union. It was previously thought that the 
devices should be removed as soon as fractures are stabilized and be 
replaced by casts or cast-braces, if necessary, to allow weight bearing 
across the fracture to stimulate healing.

j. External fixation is a complex procedure that requires skill and at-
tention to detail.

3. Possible indications for external skeletal fixation include the commi-
nuted Colles fracture and comminuted or open fractures of the tibia, 
particularly in the proximal and distal ends where intramedullary nailing 
is less feasible and the risk of infection from the more extensive soft-
tissue stripping required for plating is significant. The apparatus should 
be used with caution for fractures in the humerus, femur, and pelvis 
because of the higher incidence of pin tract infection and pin loosen-
ing. Patient acceptance is also higher with other devices. The thin wire 
fixator technique developed by Ilizarov has made application in the me-
taphyseal region more secure, but because of the use of these “through” 
pins, the anatomic knowledge required in inserting them is greater. The 
Ilizarov frames are useful for fracture management, bone transport, and 
limb lengthening.

K. Obtaining bone graft material is a common procedure in orthopaedics. 
On most occasions, the iliac crest is used for the graft, although various 
bone grafts are available. After closure of the wound, installation of 0.5% 
bupivacaine without epinephrine reduces the postoperative pain. The fol-
lowing is the recommended surgical technique:

1. For removal of a small amount of bone, tension the skin over the iliac 
bone and cut to the ilium between the external oblique and the gluteal 
fascia without entering muscle. A small periosteal flap is excised with 
sharp dissection from the superior aspect of the crest. A window is then 
cut through the cortical bone between the inner and the outer tables. 
The periosteum is not stripped from the bone so pain is less.

2. For removal of sizable grafts, the surgeon must decide whether to use 
the anterior or posterior part of the iliac crest. Often, the choice is dic-
tated by the position of the patient during operation. Anticipating the 
possible need for iliac bone grafting for proper positioning, prepping, 
and draping is required for the smooth flow of the operation. Whenever 
possible, the patient should be positioned so that the area of the poste-
rior superior iliac spine can be used.
a. Removal of bone from the anterior part of the iliac crest. The skin 

incision must be long enough to allow a comfortable exposure of the 
anterior 4 to 5 in of the iliac crest. Sharp dissection is used to expose 
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the crest. A periosteal elevator is used to expose the inner or outer 
surface of the ilium. The bone may then be removed by an osteotome 
or gouge. Care should be taken not to involve both tables of the 
ilium to minimize hematoma formation and postoperative pain and 
deformity. One should also be careful to avoid the anterior superior 
spine for reasons of cosmesis as well as to prevent injury to the lateral 
femoral cutaneous nerve. Absorbable gelatin sponges (Gelfoam) may 
be used to help control bleeding. The wound may be closed over 
suction drainage.

b. Removal of bone from the posterior iliac crest. An oblique inci-
sion is made over the iliac crest approximately 1 to 2 in lateral to the 
midline. The incision is not extended far enough over the crest to 
involve the superior cluneal nerves. The periosteum from the outer 
table is lifted with the periosteal elevator, and the detached muscles 
are protected with warm, moist lap sponges. Cancellous strips are 
then removed, and care should be taken not to enter the sacroiliac 
joint. Excessive bleeding is helped by absorbable gelatin sponges. The 
wound may be closed over suction drainage.

c. Removal of bicortical grafts. These are wafers of bone taken from the 
iliac crest with the bone removed as a single block with both cortices. 
Generally, bicortical grafts are used in vertebral body fusions and in 
situations in which a structural graft is required. The same surgical 
techniques described in the preceding sections (II.J.2.a and b) are used, 
except that the incision and the donor site is between the anterior (or 
posterior) superior iliac spine and the most cephalad portion of the iliac 
crest. Bicortical graft donor sites are nearly always symptomatic for a 
significant postoperative period and often are deforming cosmetically.

L. Basic skin suture techniques
1. General principles

a. Do not close the wound if it may possibly be contaminated (as 
in many open fractures). Delayed closure 3 to 5 days later is always 
preferable in doubtful cases.

b. If skin edges are battered and ragged, debride them so that healthy 
tissues are brought together.

c. Good closure of subcutaneous tissues is the key to good skin closure.
d. Approximate, do not strangulate.
e. Cutting needles with monofilament suture or thin wire are used 

for skin. Skin staples are also used frequently. Cotton and silk sutures 
are not recommended for skin closure because of the increased in-
flammatory response to these materials and because of the wick effect 
that can draw organisms into the wound.

f. Before making a long incision, mark it out with a surgical marking 
pen and make a crosshatch every 2 cm. Then, when closing, make 
sure the crosshatches match up. Never make skin marks with a knife 
or needle because scarring results.

g. Steri-Strips are useful adjuncts for skin closure, but they should 
never be applied when the skin is under significant tension. They also 
can impede drainage because they provide a fairly watertight closure.
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h. Consider placing a film of Polysporin ointment or a Betadine non-
adherent dressing over the closed incision before applying outer 
dressings.

i. Use pickups, rather than pincers, as skin hooks.
2. Types of skin suture. All types of skin closure rely on good subcutane-

ous suturing to provide strength and to relieve some of the tension from 
the skin edges.
a. The needle path with a box or simple suture is perpendicular to the 

dermis. The depth of each half of the suture is equal. When tying 
the knot, have the edges just touch, as shown in Fig. 11-13. Never 
tie the knot so tightly that the skin bunches up.

b. Start the everting suture as for a large box-type closure, then reverse 
the direction, thus making a minibox suture of just the dermis. 
Match the depth in the opposite side, as shown in Fig. 11-14. Tie 
the knot so that the slightest skin pucker results.

c. An intradermal (or subcuticular) suture is entirely in the dermis 
and does not hold together with appreciable skin tension. Begin 
the closure several centimeters from the end of the wound and pass 
the needle from the starting point to the dermis at the apex of the 
wound. Obtain a secure amount of dermis on one side and then the 
other. Match the exit point on one side of the dermis with the en-
trance point on the other side, that is, directly opposite and of equal 
depth, as shown in Fig. 11-15. Occasionally, pull the ends of the 
suture back and forth so that it slides well. End the suture as it was 
begun. The ends of the suture may be knotted or taped to the skin to 
prevent them from pulling out. The suture line is then splinted with 
Steri-Strips.

d. The “near-far/far-near” suture may be used when the skin must be 
closed under some tension. Begin with a deep box-type suture that 

Figure 11-13. Technique for a box suture.
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Figure 11-14. Technique for an everting suture.

Figure 11-15. Technique for an intradermal (subcuticular) suture.
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is near the wound edge on one side and far from it on the other. 
Complete the technique with a box-type suture with the near and 
far sides reversed. Tie the suture so the skin edges are approximated 
(Fig. 11-16). It has been said that this technique should not be used 
with suture diameter greater than 3-0 as this suture will break before 
excessive tension is delivered to the wound edges.

e. The Donati skin suture technique, which was popularized by the 
AO/ASIF group, is another modified mattress suture technique. It 

Figure 11-16. Technique for a “near-far/far-near” suture.

Figure 11-17. Technique for a Donati suture.
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is useful when closing skin under tension. The suture courses deeply 
across the wound and then goes through the subdermal area without 
exiting the skin on the second side. Begin with a deep box-type 
suture on the first side of the wound. Pass back into the original 
side and exit between the wound and the original entrance site 
(Fig. 11-17).
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 I. INTRODUCTION. Spine trauma needs to be understood in the context of the 

overall care of the patient. It is often present in the polytraumatized patient, 
complicating their hospital care as well as resulting in worsened outcomes at all 
stages.

A. Initial evaluation and management. Optimal outcome following acute 
spinal injury depends on early recognition of injury and appropriate man-
agement to prevent further injury. Adherence to principles of advanced 
trauma life support (ATLS) makes it mandatory that all patients with a 
mechanism of injury compatible with spinal injury should be assumed 
to have a spinal cord injury until proven otherwise. Any history of loss of 
consciousness or presenting complaints of numbness, tingling, or weak-
ness should alert the practitioner to the presence of a possible spinal cord 
injury. Additionally complaints of pain along a radicular dermatome or 
any bilateral pain or weakness should be clues to the possibility of a spinal 
cord injury. Brachial plexus injury or other peripheral nerve injuries should 
be considered diagnoses of exclusion in the setting of trauma. A detailed 
physical examination is required and includes cranial nerve function in-
cluding swallowing and phonation where possible. Manual motor testing 
of the upper and lower extremities, sensory testing of the upper and lower 
extremities, reflex testing including the documentation of presence or ab-
sence of pathologic reflexes including Hoffmann and Babinski. Although a 
great deal of information may be established from a gait examination, it will 
be a rare instance where it will be useful in the acute trauma setting. In the 
neurologic examination, a detailed rectal examination is critical in defining 
the patient’s neurologic status to include the presence or absence of rectal 
tone as well as peri-anal sensation. Finally a detailed physical examination 
will require inspection and palpation of the entire spinal column looking 
for open wounds or ecchymosis, as well as palpations of any step-offs or 
deformities. A careful physical examination can identify ligamentous dis-
ruption in the spine, particularly in patients who may not be able to have 
an MRI for more detailed imaging.

B. Imaging studies
1. Radiographs

a. Standard radiographic evaluation of the cervical spine includes the 
lateral, open-mouth odontoid, and anterior–posterior plain radio-
graphs. Lateral view will detect up to 85% of significant cervical 
spine injuries provided that the occipitocervical and cervicothoracic 
junctions are visualized. Missed fractures at the cervicothoracic 
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junction may occur despite apparently normal lateral radiograph.1 
Orthogonal oblique views do not increase the sensitivity of plain 
film evaluation and add radiation exposure and cost to the examina-
tion. Anterior–posterior and lateral radiographs of the thoracic and 
lumbar segments are indicated as screening films in the presence of 
pain or abnormal physical examination findings in these regions and 
in cognitively impaired patients who cannot cooperate in physical 
examination, including obtunded patients. Noncontinuous spinal 
trauma is common with incidence rates up to 19% reported,2 and 
the presence of an injury anywhere in the spine should prompt ra-
diographic evaluation of the entire spine.

b. Important points to consider in interpreting plain radiographs in-
clude the following:

 i. Any alteration in the alignment of the vertebral bodies. Straight-
ening of the cervical spine can result from muscle spasms or from 
positioning the patient’s head in slight flexion.

 ii. Any step-off in the line of the posterior intervertebral facet joints.
 iii. Any increase in the width of the retropharyngeal space in front 

of the vertebral bodies (normal is 4 to 6 mm at C3 and 15 to 
20 mm at C6). This rule does not apply in a crying child.

 iv. Any fracture lines in the bodies or in the posterior elements.
 v. Any increase of distance between two spinous processes.
 vi. Any displacement of the spinous process on the cephalad side, 

which is toward the side of any unilateral dislocation on the 
anteroposterior film.

 vii. Any indication that the body of one vertebra has moved forward 
in relation to another on the lateral roentgenogram because such 
movement usually indicates a dislocation or fracture–dislocation 
of one or both joint facets at that level. If the amount of dis-
placement is more than half the width of the vertebral body, the 
dislocation is bilateral and the spine is extremely unstable.

2. CT scanning can provide rapid and detailed assessment of the spine. 
This should include high-resolution imaging (2- to 3-mm collimation 
and 1.5-mm pitch) from the occiput to T1 with sagittal and coronal 
reconstructions. Several studies have demonstrated high levels of 
sensitivity (90%) and specificity (100%) of screening CT scanning in 
polytrauma patients.3–5 CT scan represents an evolving standard of care 
in the evaluation of cervical spine and cervicothoracic junction injuries 
for cervical injuries,6,7 CT scanning represents the standard of care in all 
patients when
a. Poorly visualized areas are encountered on plain films.
b. Visualization of T1 is not improved with gentle downward traction 

on the arms, swimmer’s views, or oblique views.
c. Fractures or dislocations are identified elsewhere in the spine.
d. In patients who are intubated, as plain films will miss up to 17% of 

injuries to the upper cervical spine in the presence of an endotra-
cheal tube.
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3. Magnetic resonance imaging (MRI) is less sensitive, less specific, and 
less cost effective than the plain film series or screening CT for the 
identification and evaluation of cervical fracture.8 However, MRI is ex-
tremely sensitive and specific for the evaluation of the paravertebral soft 
tissues, including the spinal cord, intervertebral discs, and ligamentous 
structures.9 With the use of MRI increasing, the incidence of identify-
ing noncontiguous fractures has increased to 41% versus the standard 
reported 10-15%. Patients with abnormal neurologic findings, particu-
larly incomplete injuries, should undergo MRI scanning of the relevant 
spinal segment(s) to visualize the spinal cord and nerve roots.

4. Dynamic fluoroscopy. Passive flexion and extension stressing of the 
cervical spine, performed by an experienced physician under fluoros-
copy, has a reported sensitivity of 92.3% and specificity of 98.8% for 
detecting significant ligamentous injuries and instability of the cervical 
spine.10 Although some centers support the use of this technique in 
clearing the spine of unconscious patients, the risk of neurologic de-
terioration may outweigh its benefits, especially given the widespread 
availability of CT and MRI imaging.10

C. Clearance of spine in trauma patients. Although protection of the spine 
is mandatory at all stages of managing the traumatized patient, clearance of 
the spine should take place only after potential life-threatening injuries have 
been stabilized.
1. In the cognitively intact patient who is not under the effect of drugs or 

alcohol and who is cooperative, clinical clearance of the spine may be 
possible. While case reports of bony and ligamentous spinal injuries in 
such patients do exist, unstable spinal injuries and neurologic deteriora-
tion in these patients have not been reported. Accordingly routine radio-
graphic evaluation in such cases is not indicated. However, the physical 
examination findings of neck or back pain, neurologic abnormalities, 
bruising, spinal deformity, pain with active range of motion or signifi-
cant distracting nonspinal injuries should prompt further investigation.11

2. Obtunded or uncooperative patients as well as alert patients with physi-
cal examination findings consistent with spinal injury should be main-
tained on spinal precautions until thorough clinical and radiographic 
evaluation of the spine has been completed, which should occur in a 
fairly rapid fashion. A prospective study of consecutive blunt trauma 
 patients admitted to a single institution demonstrated 99.75% sensitiv-
ity for CT scan in its ability to clear clinically significant cervical spine 
injuries. Although the recommendation is that CT be used as a sole 
modality to radiographically clear the cervical spine in obtunded trauma 
patients, there is separate clinical evidence to suggest that the spondy-
lotic cervical spine may present a specific clinical category where CT 
scanning is unreliable in determining stability and will miss clinically 
significant injuries. In the obtunded or unreliable patient, CT scan has 
a negative predictive value up to 90.9% for ligamentous injury and a 
negative predictive value of 100% for instability in the nonspondylotic 
patient.7
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3. In a prospective cohort study comparing the Canadian C-spine rule 
versus the Nexus low-risk criteria in patients with trauma, the sensitiv-
ity and specificity of CCR were at 99.4% and 40.4%, respectively. The 
CCR mandates that any patient with a high-risk factor, including age 
greater than 65, in trauma or dangerous mechanism, or complaints of 
paresthesias in extremities will proceed to imaging studies. Any patient 
without a high-risk factor that instead has a low-risk factor allowing 
for safe assessment of range of motion including simple rear-end mo-
tor vehicle collision, or sitting position in the Emergency Department, 
or ambulatory at any time, or delayed onset of neck pain, or absence 
of midline cervical spine tenderness may proceed to range of motion 
examination including the ability to rotate the neck actively 45° to the 
left and to the right, which would indicate a cleared cervical spine in the 
awake, alert, and cooperative patient.

D. Fracture stability. Stability as described by White and Panjabi12 refers to 
the spine’s ability to maintain patterns of displacement and movement 
under normal physiologic loads without incapacitating pain, progressive 
deformity, or increasing neurologic deficit. The isolated but unstable 
spine fracture at the spinal cord level results in complicated management 
throughout the patient’s hospital and posthospital course. Stable fractures 
are important to recognize in that they are often a marker for other injuries, 
particularly intrathoracic or intraabdominal injury.
1. Acute spinal instability most directly impacts the spine’s ability to 

protect neural elements including spinal nerves and the spinal cord from 
further injury, and may be clinically manifested as neurologic deficit or 
severe intractable pain.

2. Glacial instability represents the spine’s tendency to deform over time 
and is manifested by clinical deformity as well as progressive debilitat-
ing pain.
a. Osteoporosis is an underlying medical condition that may result in 

glacial instability in an otherwise apparently stable fracture pattern.
3. Radiographic and anatomic features. Determination of instability 

varies with the injured spinal segments with the occipitocervical junc-
tion having different characteristics radiographically and anatomically 
indicating instability when compared with the subaxial cervical spine, the 
cervicothoracic junction, the thoracic spine, the thoracolumbar junction, 
the lumbar spine, and the lumbosacral spine. Each region has unique 
characteristics and will be discussed as a separate section. Additionally the 
spinal cord represents a distinct entity within the spine with unique injury 
characteristics and will be discussed as a separate section of the spine.

 II. FRACTURES, DISLOCATIONS, AND FRACTURE–DISLOCATIONS

A. Craniocervical junction. The craniocervical junction, or occipitocervical 
junction, represents a unique combination of osteologic and ligamentous 
structures allowing a tremendous range of motion in flexion and extension 
at the occipital condyles and C1, with a tremendous range of rotation at the 
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junction of C1 and C2, and a transition zone between the unconstrained 
motion at the occipital to C2 levels and the more constrained subaxial 
cervical spine occurring osteologically through C2.
1. Craniocervical junction injury patterns.

a. Craniocervical dislocation. Craniocervical dislocations or occipito-
cervical dislocations represent a loss of ligamentous integrity between 
the occiput, C1, and C2. This is best identified by the Harris lines13,14 
with a measurement of greater than 14 mm indicating a craniocervical 
dislocation.* The key feature in understanding these injuries is that 
the ligamentous constraints linking the occiput to C2 are destroyed in 
this injury pattern, resulting in global instability. The exact displace-
ment of the skull relative to the Dens may be quite fluid and variable 
depending on the time imaging is obtained. Prior work classifying 
the dislocation pattern based on location of the occiput relative to C2 
is not useful for determining either prognosis of injury or treatment 
modalities as any of the displacement patterns represents global insta-
bility. The basion to the tip of the dens interval is less than 12 mm in 
95% of patients. Greater than 12 mm is considered abnormal. The 
basion-axial interval is the basion to the posterior dens and is between 
4 and 12 mm in 98% of patients. Greater than 12 mm indicates 
anterior subluxation; less than 4 mm is a posterior subluxation.

 i. Clinical features. Wallenberg syndrome is lower cranial deficits 
(Fig. 12-1). Horner syndrome, cerebellar ataxia. Bell cruciate 
paralysis and contralateral loss of pain and temperature.15,16

*  The interested reader is referred to the OTA PowerPoint presentation on Upper Cervical Spine Injuries for 
diagrammatic representations and further detail.

Figure 12-1. Right cranial nerve VI palsy. From Tasman W, Jaeger E. The Wills Eye Hospital 
Atlas of Clinical Ophthalmology, 2e. Philadelphia, PA: Lippincott Williams & Wilkins; 2001, 
with permission. 
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 ii. Additional imaging studies. CT angiogram to evaluate the 
vertebral artery given the relative tethering of the vertebral artery 
around the craniocervical junction is indicated. An MRI includ-
ing the brain stem and cervical spine is necessary to evaluate for 
any concurrent cord or brain stem injury as well as for the pres-
ence of traumatic dural tear.

 iii. Acute management. Sandbag placement around the head with 
consideration of halo vest placement, as well as airway control 
to include early elective intubation. Often these injuries are so 
severe that the patient will present with intubation from the 
field, but if this has not occurred retropharyngeal swelling can 
predictably become so severe as to require emergent intubation, 
which would be associated with a high mortality rate.

 iv. Operative intervention. In a patient who is otherwise medically 
stable, the standard of care should be considered and an occiput 
to C2 posterior instrumented spinal fusion would include. Up-
right radiographs should be obtained before discharge.

 v. Morbidity and mortality. Cranial-cervical dislocations in gen-
eral have historically been associated with a greater than 50% 
mortality rate, although the promulgation of ATLS techniques 
and broader penetration of advanced emergency medical services 
may be contributing to an increased survival of these injuries. 
Additionally this injury pattern can represent a spectrum as 
described by Bellabarba et al.,15 with a craniocervical sprain rep-
resenting a less severe form of this injury.

2. Occipital condyle fractures
a. Type I represents an impaction fracture with bilateral impaction 

fractures representing an axially unstable fracture pattern.
b. Type II is an extension of basilar skull fracture and is typically a 

stable injury.
c. Type III represents an alar ligament avulsion and is potentially 

highly unstable.17,18 A 50% missed injury rate is associated with 
craniocervical dislocations with one-third of these having neurologic 
worsening while in the hospital.15,19

3. C1 ring injuries
a. Atlas fractures. Fractures of the atlas include relatively trivial frac-

tures such as posterior ring fractures associated with hyperextension 
injuries, as well as unstable injury patterns such as the burst fracture 
or “Jefferson” fracture (Figs. 12-2 and 12-3), as well as the lateral 
mass fracture separation.

 i. Imaging. The key imaging study for assessing the C1 ring 
injuries is the open-mouth odontoid view that may be ap-
proximated with the coronal plane reconstruction of a thin-cut 
CT scan. This is used to assess the integrity of the transverse 
atlantal ligament, which is a key stabilizer of this level. Separa-
tion of the lateral masses of greater than 6.9 mm is an indicator 
of rupture of the transverse atlantal ligament and an unstable 
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fracture pattern. Additionally the vertebral artery is at risk for 
injury, and a CT angiogram is an important study to obtain in 
order to evaluate any acute injury. Late instability at this level, 
if left untreated, will put the patient at risk for a thrombotic 
cerebrovascular accident.

 ii. Treatment. Acute management of these injuries consists of 
reduction, typically in a halo vest, and operative stabilization 
of unstable injuries. Nondisplaced fractures may be treated in 
a cervical collar or a halo as long as close follow-up is obtained. 
Although fracture union may be achieved with nonoperative 
means, there can be resultant atlantoaxial instability that will 
put the patient at risk for late neurologic deterioration. A 
fracture separation of the lateral mass will result in progressive 
torticollis if left untreated. Upright radiographs should be ob-
tained before discharge.

Figure 12-2. Jefferson fracture.

Figure 12-3. Jefferson fractures. When a comminuted fracture of C1 shows bilateral overhang 
of the lateral masses that total 7 mm or more, rupture of the transverse ligament has probably 
occurred, rendering the spine unstable. From White AA III, Panjabi MM. Clinical Biomechanics 
of the Spine. Philadelphia, PA: JB Lippincott; 1978:203, with permission.

Stable Unstable

X Y

X + Y ≥7 mm
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4. Fractures of the axis (C2)
a. Odontoid. The most common fracture of the second cervical verte-

bra is a fracture of the odontoid. This column of bone is necessary 
for rotation at the craniocervical junction. The appropriate mechan-
ics of C1 and C2 are primarily ligamentous restraints including the 
transverse atlantal ligament as well as the apical ligaments and an 
expanse of the posterior longitudinal ligament, which, when com-
bined, make the cruciate ligaments across the dorsal portion of the 
dens. Additionally the tectorial membrane, a continuing expanse of 
the posterior longitudinal ligament, provides stability between the 
occiput and C2.

 i. Fracture classification (Fig. 12-4).
1. Type I odontoid fracture involves the attachment of the 

apical ligament and represents a potentially unstable cra-
niocervical junction injury. Most commonly this is actually 
a nonfused ossicle and an incidental finding. In the acute 
trauma setting, an occult craniocervical junction injury must 
be ruled out.

2. Type II odontoid fracture typically involves the midportion 
of the odontoid and may be subdivided into Type IIA, IIB, 
and IIC,20 with ramifications for operative intervention.* 
The hallmark of the Type II odontoid fracture is that it is at 
high risk for nonunion. The significance of this nonunion 
needs to be considered in management planning. Low-energy 
odontoid fractures, typically encountered in the elderly with 
minor trauma, may be quite tolerant of a nonunion that 
is otherwise stable in flexion and extension and does not 
cause debilitating pain. A stable pseudarthrosis is the com-
mon result of nonoperative management of these fractures 
in this patient population. Given the relatively high risk of 

Figure 12-4. Odontoid fractures shown in AP and lateral views. Type I is an oblique fracture 
through the upper part of the odontoid caused by alar ligament avulsion. Type II is through the 
base of the odontoid. Type III is through the upper portion of the vertebral body.

*  The interested reader is referred to OTA PowerPoint presentation on upper cervical spine injuries for 
 further description and details.
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perioperative mortality and perioperative morbidity in the 
elderly patient with an odontoid fracture, a stable pseudar-
throsis may be considered a good end result of treatment. 
Unstable fractures that result in debilitating pain, progres-
sive deformity, or neurologic deficit, or risk for progressive 
neurologic deficit, are best treated operatively regardless of 
patient’s age or comorbidities. These injury patterns are often 
associated with upper cervical cord injuries and also have the 
potential for vertebral artery injury, and so MRI as well as 
CT angiography is indicated. Upright radiographs should be 
obtained before discharge.

b. Traumatic spondylolisthesis (Fig. 12-5) of the axis (Hangman frac-
ture). Mechanically this represents a separation of the posterior ring 
from the vertebral body of C2, typically occurring through the pars 
that represents a transition zone at C2 from the craniocervical junc-
tion to the subaxial cervical spine.

 i. Type I fractures through the pars are uncommonly associated 
with spinal cord injury and typically may be treated in a closed 
fashion with a cervical collar or halo thoracic brace.

 ii. Type II fractures that involve a portion of the body of C2 are 
more commonly associated with spinal cord injury due to the 
translation of the partially intact ring across the spinal canal. 
This injury commonly may also be treated in a closed fashion. 
It should be noted that the status of the C2-3 disc is critical in 
determining appropriate treatment modality as the Type IIA 
fracture will tend to displace in traction because of the torn pos-
terior longitudinal ligament and posterior disc.

 iii. Type III injury will be grossly unstable in traction.
B. Subaxial cervical spine. The subaxial cervical spine begins at the C2-3 

articulations and extends down to the cervicothoracic junction that is es-
sentially the rostral aspect of C7.

Figure  12-5. Effendi Type I fracture. From Levine AM, Edwards CC. The management 
of traumatic spondylolisthesis of the axis. J Bone Joint Surg Am. 1985;67:217–226, with 
permission.



Chapter 12 • Acute Management of Spine Trauma  2 4 1

1. Classification. The mechanics of fractures in the subaxial cervical spine 
are similar throughout the region and have been classified by numerous 
authors with a goal of a system that is both descriptive and prognostic, 
with the additional characteristic of being able to assist with operative 
decision making. There does not currently exist a “perfect” classification 
system. The current primary role of classification systems of subaxial 
cervical spine injuries is that of pedagogical usage. In this regard, the 
classic Allen–Ferguson description of injuries (Fig. 12-6) combining 
mechanical loading and displacement is helpful for understanding the 
injury patterns as well as for communicating the types of injuries. The 
columnar theory of Holdsworth continues to have merit and is used in 
all other classification systems as a basis for describing the injury pat-
terns. This includes an anterior column consisting of the entire vertebral 
body and disc and a posterior column consisting of the posterior liga-
mentous complex including the posterior elements. These systems have 
largely been combined in the Spine Trauma Study Group’s classification 
system, the SLIC system. This system emphasizes the importance of the 
posterior ligamentous complex as a stabilizer. This is an advance over 
the White and Panjabi point system for assessing stability of the subaxial 
cervical spine and results in a numerical score that can be useful for 
determining operative indications. This system is particularly useful as a 
pedagogical aid.

2. Types of injury. The individual injury patterns include distraction flex-
ion, compressive flexion, vertical compression, compression extension, 
distraction extension, and lateral bending injuries.
a. Distraction flexion (Fig. 12-7) injuries are among the most common 

injuries in the subaxial cervical spine seen in high-energy trauma. 
They result from the restrained thorax and unrestrained head in a 
sudden deceleration, as hitting a wall in a motor vehicle. The con-
stellation of injuries in a graded scale in the Allen–Ferguson system 
represents sequential failure of restraining mechanisms. Typically the 
injury will begin dorsally and progress ventrally as increasing disrup-
tion and instability is encountered.

Figure 12-6. Allen and Ferguson classification of closed, indirect, fractures, and dislocations 
of the cervical spine. A: Type 1—blunting of anterior-superior vertebral margin. B: Type  
2—anterior-inferior beaking, loss of anterior vertebral height. C: Type 3—fracture of the beak. 
D: Type 4—posterior-inferior vertebral body displacement ≤3 mm into canal. E: Type 5— 
posterior displacement ≥3 mm, with displacement of facets and spinous processes. *Indicates 
failure of PLL. **Indicates failure of entire posterior ligament complex.
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 i. Imaging. The hallmark of this injury pattern is disruption of 
the facet joints and widening of the interspinous process dis-
tance, with or without subluxation of the vertebral bodies. This 
is evident on both CT scan and plain radiographs, but subtle 
widening of the facet joints and interspinous process distance 
may be the only indicator of an extremely unstable injury that 
has spontaneously reduced in the supine position. MRI charac-
teristics include disruption of the supraspinous and interspinous 
ligament complex with folding or rolling of the ligaments evident, 

Figure 12-7. Distractive-flexion (DF) injury: Posterior ligamentous disruption (A) followed 
by facet subluxation. The facets will progressively sublux and dislocate unilaterally and then 
bilaterally (B), which leads to the vertebral body displacing anteriorly (C).
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along with disruption of the ligamentum flavum, with folding 
or rolling of the ligament. Facet joint effusions will also be pres-
ent, as will varying amount of vertebral body increased signal. 
Less commonly will soft-tissue injury be evident ventral to the 
cervical spine (Fig. 12-8). Subluxation of the vertebral bodies 
is commonly seen when the facet joints begin to uncouple and 
dislocate. A 25% subluxation of the rostral vertebral body on the 
caudal vertebral body often represents a unilateral facet fracture or 
dislocation and is a combined translation and rotation, often re-
sulting in unilateral nerve root injury. Bilateral facet dislocations, 

Figure 12-8. CT myelogram of the cervical spine showing soft-tissue mass effect encroaching 
upon and compressing the spinal cord.
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or fracture dislocations, will often result in 50% subluxation of 
the rostral vertebral body on the caudal vertebral body and are 
most commonly associated with spinal cord injury.

 ii. Treatment. Management of these injuries in the acute setting is 
directed toward minimizing further injury to the neural elements, 
particularly the spinal cord, as well as protecting the patient from 
the adverse effects related to their spinal cord injury, which will 
be discussed in the section on spinal cord injury. Cervical orthoses 
are indicated for transport of the patient, and any unstable injury 
is best managed operatively. Upright radiographs should be ob-
tained before discharge.

b. Compressive flexion (Fig. 12-9) injuries often result in a similar 
injury pattern to the distraction flexion injuries. However, the 

Figure 12-9. Compression-flexion (CF) injury: The major force, compression, causes anterior 
blunting of the vertebral body initially (A), the beaking (B), followed by oblique fracture (C), 
and ultimately posterior translation of the vertebral body (D). In late stages, posterior distractive 
forces (minor) cause posterior ligamentous failure, manifested radiographically by distraction of 
the facets and transverse processes (E).
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posterior ligamentous complex will be variably affected. Severe com-
pression flexion injuries, also known as “teardrop” or “quadrangular” 
fractures, are highly unstable and represent a failure of the ventral 
cervical spine as well as the posterior ligamentous complex. Spinal 
cord injury is commonly associated with this injury pattern, which 
may be seen typically after a water diving accident. Initial manage-
ment of these injuries consists of reduction in a fashion similar to 
the distraction flexion injuries; and for injuries not involving the 
posterior ligamentous complex, nonoperative management of the 
neurologically intact patient with an orthosis or including cervical 
collars or halo vests may be appropriate, particularly in isolated in-
juries. In patients with progressive neurologic deficits and an intact 
posterior ligamentous complex, a ventrally based operative procedure 
such as a corpectomy would be considered a traditional method of 
treatment. Injury patterns including disruption of posterior liga-
mentous complex require an anterior- and posterior-based approach, 
although isolated posterior approaches using a screw-based construct 
may be useful in some circumstances. Stand-alone posterior wiring 
without ventral reconstruction will result in loss of stabilization and 
progressive kyphosis. Upright radiographs should be obtained before 
discharge.

c. Distraction extension (Fig. 12-10) injuries are typically represented 
by compression fractures of the posterior elements including spinous 
process and lamina, with avulsion fractures ventrally around the 
disc space. These are typically seen in elderly patients after relatively 
low-energy falls and so osteophyte fractures are commonly identi-
fied in this patient population. These are typically stable injuries 
but higher-energy fractures may result in frank mechanical insta-
bility. This injury pattern is commonly associated with a central 
cord syndrome, which will be discussed later. Management of these 
fractures in the acute setting relates to identification of the fracture 
which is best characterized on a thin-cut CT scan with sagittal 
reconstructions with supplemental MRI obtained for any evidence 
of neurologic deficit or for potential preoperative planning. Opera-
tive management of these injuries typically consists of an anterior 
cervical discectomy and fusion at the injured level. However, the 
severely spondylotic spine may be better treated with a laminoplasty 
or laminectomy and instrumented arthrodesis posteriorly if multiple 
levels need to be addressed. Upright radiographs should be obtained 
before discharge.

d. Compression-extension (Fig. 12-11) injuries will present with 
failure of the posterior elements before the ventral elements, but in 
the more severe injury patterns will present with complete disloca-
tion of the cervical spine. Lateral flexion injuries will typically pres-
ent as fractures into the foramen transversarium with higher stage 
injuries presenting with the potential for lateral mass separations, 
which may also represent a subtype of extension injury. Lateral mass 
separations are unstable and will require operative intervention. 
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Fractures into the foramen transversarium are markers for injury 
of the vertebral artery and require further evaluation including 
CT angiography.21 Upright radiographs should be obtained before 
discharge.

e. Vertical compression (Fig. 12-12) injuries without a flexion or 
extension component will typically result in either a traumatic disc 
herniation or a burst fracture. Similar to burst fractures in the thora-
columbar spine, these may be stable or unstable and may be initially 
managed nonoperatively unless there is neurologic deficit. If the 
posterior ligamentous complex is intact, these injuries may be man-
aged with a ventral corpectomy only. Upright radiographs should be 
obtained before discharge.

 C. Cervicothoracic junction. Cervicothoracic junctional injuries, encom-
passing the region from C6 to approximately T4, may be classified in the 
same manner as subaxial cervical spine injuries.

Figure 12-10. Distractive-extension (DE) injury: Initially, anterior tension injures the  anterior 
ligamentous complex (A) or causes a transverse fracture of the vertebral body (B). There may also 
be an avulsion fracture of the anterior vertebral margin (C). Radiographic widening of the disc 
space is often seen (D). Progressive injury involves the posterior ligamentous complex (E), with 
resultant posterior translation of the vertebral body (F).
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1. Initial management is the same with an attempt at closed reduction 
being indicated for any neurologically impaired patient. This reduction 
would typically be undertaken with Gardner–Wells tongs or a halo ring 
(Fig. 12-13). Closed reduction maneuvers will be difficult to assess at 
the cervicothoracic junction. Additionally the traction weight required 
may often approach 70 pounds or more.

2. Imaging of these injuries is difficult with plain radiography, with plain ra-
diographs being unable to adequately image C7-T1 and the upper thoracic 
spine extending down to T5 in most patients. A CT scan of the cervical 
spine with reconstructed images should be considered the standard for im-
aging of the cervicothoracic junction, and any CT scan of the cervical spine 
should extend down to T4 in order to be considered an adequate image.

3. Orthotic management is similar to the subaxial cervical spine but 
does require a junctional thoracic extension in order to adequately 
immobilize this region. A halo vest does apply improved stabilization 

Figure  12-11. Compressive-extension (CE) injury: Fracture of the vertebral arch (lamina/
pedicle/articular process) occurs first (A), allowing movement of the vertebral body (B), 
 unilateral arch disruption allows rotatory subluxation while bilateral disruption permits anterior 
translation of vertebral body.
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of this region, particularly relative to its ability to stabilize the subaxial 
cervical spine.

4. Operative management of fractures in this region will be more com-
monly approached posteriorly because of the stresses applied at this 
junction and the need for increased mechanical stability. C6-C7 and 
C7-T1 may be appropriate for anterior approaches, particularly at the 
C6-C7 level. Upright radiographs should be obtained before discharge.

D. Thoracic spine injuries. The hallmark of thoracic spine injuries is the as-
sociated risk of cardiac or pulmonary injury, and any significant thoracic 
spine injury must be expected to have an associated pulmonary contusion 
particularly when associated with multiple rib fractures. Additionally any 
spinal cord injury present in the thoracic spine has a dismal prognosis for 

Figure  12-12. Vertical compression (VC) injury: The primary vertical compressive force 
initially causes vertebral cupping (A,B), then progressive vertebral comminution (C) and retro-
pulsion into the canal (D). In later stages, the neck may extend, causing a posterior arch fracture 
(E) or flex, causing posterior ligamentous disruption (F).
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recovery. The use of steroids in an attempt to lessen this will tend to aggra-
vate the patient’s pulmonary condition and results in worsened outcomes 
and so should be avoided.
1. Initial evaluation of these injuries includes standard chest X-ray as part 

of ATLS protocols. A thoracic radiograph may be useful as part of a 
screening protocol, however, detailed evaluation of the fractures requires 
a thin-cut CT scan with coronal and sagittal planes reconstructions.

2. Classification of thoracic fractures is often a reflection of an extension 
of the thoracolumbar fracture classification system devised by Denis and 
is a three-column system consisting of an anterior column, a middle 
column, and a posterior column. This is not entirely applicable to 
the thoracic spine, and a fourth column of the thoracic spine, the rib 

A

B C D

Figure 12-13. Cervical traction is often used to reduce spinal fractures before surgical stabiliza-
tion. A: Gardner–Wells tongs are fixated into the skull and weights are applied to these tongs 
to provide traction. B,C,D: A 35-year-old man who was involved in a motor vehicle accident 
and suffered a spinal cord injury as a result of subluxation with C5-6 bilateral jumped facets. 
B: The initial lateral radiograph shows greater than 50% subluxation of C6 on C7 and bilateral 
jumped facets at this level. C: The patient was placed in 35 pounds of cervical traction and the 
C5-6 interspace is widening. D: At 50 pounds of cervical traction, the facets and the subluxation 
were reduced. From Eric D, Schwartz, Adam E, et al. Spinal Trauma: Imaging, Diagnosis, and 
Management. Philadelphia, PA: Lippincott Williams & Wilkins; 2007, with permission.
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articulation with the sternum, is also described. The posterior ligamen-
tous complex, as in the subaxial cervical spine and cervicothoracic junc-
tion, remains the key determinant of mechanical stability at this level.

3. Operative approaches remain primarily posterior throughout the tho-
racic spine, particularly with the utilization of extracavitary approaches 
to the ventral thoracic spine, which are particularly useful in the setting 
of pathologic fractures related to malignancy. Standing radiographs 
should be obtained before discharge.

E. Thoracolumbar fractures. The thoracolumbar junction is marked by a 
transition from the stable and relatively immobile thoracic spine to the 
more mobile lumbar spine. This transition zone is bounded rostrally by 
the so-called floating ribs at T11 and T12, with the more stable segment 
being T10 entering into the mechanically true thoracic spine. Caudally this 
region is bounded by the rostral extent of L4 at which point we transition 
into the lumbosacral junction.
1. Classification schema applicable to the thoracolumbar spine are inap-

propriately applied to other regions of the spine. Useful classification 
schemes in the thoracolumbar spine include the AO classification sys-
tem as well as the Denis classification system.
a. AO classification system

 i. AO Type A fractures represent axial loading fractures and are 
typified by compression-type injuries. It should be noted that a 
“stable” burst fracture represents a spectrum of Type A injuries 
and that the involvement of the middle column does not signifi-
cantly affect prognosis. Unstable burst fractures are defined by a 
greater than 30° relative kyphosis, loss of vertebral body height of 
greater than 50%, or biplanar deformity on AP X-ray. These are 
markers for ligamentous complex integrity or loss of ligamentous 
integrity and are also represented by an MRI with evidence of 
disruption of the posterior ligamentous complex. Stable burst 
fractures are characterized by a less than 20° to 30° kyphosis, less 
than 50% lumbar canal compromise, or less than 30% thoracic 
canal compromise. Relative indications for surgery include a 
single-level lumbar vertebral body height loss of greater than 
50%, single-level thoracic vertebral body height loss of greater 
than 30%, combined multilevel height loss of greater than 50%, 
or relative segmental or combined kyphosis of greater than 30°.

 ii. AO Type B fractures represent flexion or extension injuries with 
the integrity of the posterior ligamentous complex again being 
the key factor in determining whether an injury is “stable” or 
“unstable.” Additional injuries that are important to identify 
include the hyperextension injuries that are common in patients 
with ankylosis conditions of the spine. An additional category of 
injury includes the Chance fracture (Fig. 12-14), which is most 
commonly seen in pediatric lap belt injuries.

 iii. AO Type C injuries represent the complex fracture dislocations 
and shear injuries as described by Denis and Holdsworth.22
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2. Initial treatment of thoracolumbar fractures is similar to that described 
for thoracic fractures with an initial period of bed rest with log rolling 
for evaluation of stability and associated injuries and a determination to 
be made about definitive management. While definitive management 
may consist of a prolonged period of bed rest, this is typically only used 
in extraordinary circumstances where a patient would not otherwise 
tolerate an intervention. Both fracture healing and neurologic recovery 
are seen with nonoperative management.23 Bracing may be used as an 
adjunct to nonoperative management but is not helpful in prevent-
ing progressive deformity and should generally only be considered for 
ambulatory patients. Complications of bracing include deformity and 
pressure sores that may be particularly troublesome in the critically ill 
patient or spinal cord injured patient.

3. Operative management includes kyphoplasty for osteoporotic frac-
tures, percutaneous stabilization, as well as formal open procedures 

Figure 12-14. Chance fracture. From Hansen ST, Swiontkowski MF. Orthopaedic Trauma 
Protocols. New York, NY: Raven; 1993:221, with permission.
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with anterior procedures typically performed for injuries associated with 
spinal cord injury, although posterior only based solutions are useful for 
management of the spinal cord injured patient as well. Standing radio-
graphs should be obtained before discharge.

F. Low lumbar and lumbosacral junction injuries
1. Most commonly these injuries will include transverse process and iso-

lated spinous process fractures that are otherwise considered stable but 
should be noted as a marker for underlying solid organ or viscous injury. 
These injuries may be treated with elastic bracing as an adjunct to pain 
management. Traumatic spondylolisthesis is often encountered in these 
levels, particularly at L4 and L5, and is most commonly treated non-
operatively with elastic bracing immobilization. Progressive deformity 
or neurologic deficits are indications for operative intervention. Burst 
fractures as described for the thoracolumbar region have typically been 
treated in a nonoperative fashion at these levels. However, late deformity 
is a particular problem across the lumbosacral junction. As this problem 
is more and more identified, operative intervention is more commonly 
undertaken because of the difficulty with nonoperative stabilization 
across the lumbosacral junction, with braces only being effective down to 
the rostral extent of L4 and no bracing being effective for prevention of 
deformity progression. Additionally, in the polytraumatized patient, pro-
longed sitting or supine position will result in permanent loss of lumbar 
lordosis, which will lead to a developmental flat back deformity. Because 
of the typically poor hold in the sacral pedicle screws, iliac fixation is of-
ten required for adequate mechanical stabilization across the lumbosacral 
junction. Standing radiographs should be obtained before discharge.

G. Sacral fractures
1. Multiple classification systems exist for the description of sacral fractures 

and typically involve the transition between the axial skeleton to the 
appendicular skeleton. Isler24 described the effect of fractures related to 
the lumbosacral articulations. Roy-Camille25 identified the axial frac-
tures of the sacral body and their effects. Denis26 described three zones 
of injury (Fig. 12-15) with Type I being the sacral ala, Type II being 
the foraminal zone, and Type III encompassing the central canal. Type 
III fractures may be subdivided into H-type, U-type, lambda-type, and 
 T-type patterns. Less commonly described but occasionally encountered 
fractures include the vertical fracture through the S1 body. Fractures of 
the sacrum may result in neurologic injury in up to 25% of fractures.27 
The L5 root may be injured in Zone 1 injuries as it traverses the anterior 
superior border of the S1 vertebral body and sacral ala. Additionally 
injury to the anal and urethral sphincters with lower sacral roots may 
be missed if a detailed neurologic examination is not performed. In the 
series by Denis et al., 57% of patients with a Zone 3 injury had a neu-
rologic deficit with 28% neurologic injury rate in Zone 2 fractures and 
only 6% injury in Zone 1 fractures.

2. Treatment of sacral fractures largely depends on neurologic injury, 
deformity, and stability of the lumbosacral junction or pelvic ring. 
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Most sacral fractures will be associated with pelvic ring injuries and 
treated in a manner to reconstruct the pelvis ring as discussed in a 
separate section. Angular kyphosis across the sacrum or comminu-
tion of the sacrum associated with SI joint dislocation may be well 
treated with triangular osteosynthesis as described by Schildhauer 
et al.28,29 Percutaneous screws for U-type sacral fractures may be 
associated with progressive angular displacement, and more stable 
fixation methods such as triangular osteosynthesis should be con-
sidered for these injuries. Neurologic injury as an indication for 
operative intervention should be approached cautiously as 80% of 
initial nerve injuries will improve regardless of treatment modality26 
and nerve injuries related to transection of the nerve is reported in 
up to 35% of these injuries which would not be affected by operative 
intervention.

Figure 12-15. Sacral fracture zones by Denis. From John WF, Sam WW, et al. The Adult 
and Pediatric Spine. Philadelphia, PA: Lippincott Williams & Wilkins; 2004, with permission.
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 III. SPINAL CORD INJURY. Incidence of 10 to 12,000 cases per year with 85% 
being males 16 to 30 years of age. Fifty percent of all spinal cord injuries are 
complete. Fifty percent to 60% of spinal cord injuries are cervical, and the im-
mediate mortality for complete cervical spinal cord injury is 50%.30 (National 
spine injury.) Expected neurologic recovery, 70% to 85% of patients with 
complete tetraplegia will gain at least one additional level, and if a patient has a 
motor grade 2/5 at a given level 1 week out from injury, 100% of patients gain 
functional strength at the next level down.31 In incomplete tetraplegia, 90% 
gain at least one upper extremity motor level31 with the majority of improve-
ment seen in the first 6 to 9 months.32 Ambulation after spinal cord injury can 
be expected in 46% of patients with incomplete tetraplegia at 1 year and 76% 
of incomplete paraplegics at 1 year.33

A. American Spinal Injury Association (ASIA) classification (Fig. 12-16).
1. Complete spinal cord injuries. Injuries at a level of the spinal cord 

below which there is no sensory or motor function. This is classified as 
an ASIA A injury. This term is only applicable after spinal shock has 
resolved.

2. Incomplete injuries. These represent injuries to the spinal cord in 
which there is some motor or sensory function below the level of injury. 

Figure 12-16. Standard neurologic classification form for spinal cord injury. From American 
Spinal Injury Association. International Standards for Neurological Classification of Spinal Cord 
Injury, Revised 2002. Chicago, IL: American Spinal Injury Association, with permission.
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This preservation of function may be quite subtle with sacral sparing 
being the only indicator that the spinal cord is not completely disrupted. 
This is further classified into ASIA B, C, D, or E.
a. ASIA B injuries represent loss of motor function below the level of 

the injury with some sensory function present.
b. ASIA C injuries represent some motor function preservation below a 

muscle grade of 3/5.
c. ASIA D injuries represent useful motor function preservation greater 

than or equal to Grade 3/5.
d. ASIA E injuries represent normal motor function.

i.  Incomplete injuries are also described by spinal cord syndromes 
that include the following:
1. Anterior cord syndrome, representing loss of the ventral 

motor function of the spinal cord with preservation of dorsal 
sensory function.

2.  Brown-Sequard syndrome causes loss of ipsilateral motor 
and dorsal column function along with contralateral pain and 
temperature sensation.

3.  Posterior cord syndrome, which is uncommonly encountered 
in trauma, represents a loss of proprioception and other sensory 
function, with preservation of motor function.

4.  Central cord syndrome, commonly seen in hyperextension 
injuries particularly in the elderly, represents a greater loss of 
function (including sensory and motor) in the upper extremi-
ties than in the lower extremities, although significant impair-
ment in the lower extremities can also be noted in dense central 
cord syndromes. This has the best prognosis for recovery of any 
of the incomplete spinal cord syndromes.

B. Other neurologic syndromes in trauma to be aware of include the following:
1. Wallenberg syndrome (see the section on occipitocervical dislocation)
2. Conus medullaris syndrome, an injury occurring at the base of the 

spinal cord typically at the region between T12 and L1 resulting in 
relatively normal sensory and motor function except for the sacral roots 
with loss of bowel and bladder control as well as sensation in the sacral 
nerve roots. This must be differentiated from a cauda equina syndrome 
as the cauda equina syndrome has a much better prognosis.

3. Cauda equina syndrome typically presents as a bilateral lower extrem-
ity loss of sensory and motor function that may or may not include 
bowel and bladder function.

4. Transient quadriplegia (a spinal cord concussion) represents a tran-
sient loss in the ability of the spinal cord to transmit neurologic signals 
but without permanent injury to the spinal cord. Transient quadriplegia 
will typically spontaneously resolve over 48 hours. This is most com-
monly seen in athletes with some element of congenital stenosis. Mul-
tiple episodes of transient quadriplegia are a contraindication to return 
to play. This must be differentiated from spinal cord injury without 
radiographic abnormality (SCIWORA).
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5. SCIWORA is a condition found in pediatric patients due to the dif-
ferential elasticity of the vertebral column when compared with the 
spinal cord. These patients present with a spinal cord injury which will 
be demonstrable on MRI but not on plain radiographs or typically CT 
scan. This represents a true spinal cord injury and should be differenti-
ated from transient quadriplegia.

C. Initial management of the spinal cord injured patient
1. After a detailed neurologic examination with attention to protecting 

the cervical spine during evaluation with neutral inline stabilization, the 
patient must be protected from further injury. This is best accomplished 
in a hospital setting by keeping the patient in a semirigid cervical ortho-
sis (examples include Miami J or Aspen collar) and keeping the patient 
on flat bed rest for the duration of the further diagnostic workup. The 
patient should not be kept on a backboard or sliding board as pressure 
necrosis can begin quite rapidly, particularly in the spinal cord injured 
patient with impaired sensation and motor function. The spine board 
does not provide any improved stabilization over simple bed rest in 
the hospital setting, and it is a critical patient care step to remove the 
patient from the spine board as quickly as possible once the patient has 
been removed from the ambulance. Once the patient has been removed 
from the spine board, any transfers or rolling must be performed with a 
team approach to lifting and moving the patient to include maneuvers 
such as the log roll or six-person lift. This will allow the person to be 
safely transported for further diagnostic work-up. The primary goal of 
diagnostic imaging at this point is to evaluate the spine for stability as 
well as to evaluate the extent of the spinal cord injury. Any patient with 
a neurologic deficit must have an MRI as part of the diagnostic workup 
unless it is otherwise contraindicated.

D. Definitive management of spinal cord injury
1. Definitive management of spinal cord injury involves two areas of con-

cern: anatomic and physiologic.
a. Anatomic concerns. The primary anatomic concern is residual 

spinal cord compression. In dislocated segments the residual com-
pression may be relieved rapidly by emergent reduction as discussed 
above. If a reduction has been performed and residual compression 
persists, or if there is no dislocated segment and residual compression 
is present, operative intervention is indicated in order to decompress 
the spinal cord. The timing of this intervention is a complex discus-
sion beyond the scope of this manual. A secondary consideration 
after decompression of the neural element is stabilization of unstable 
segments. The primary goal of stabilization of unstable segments is 
to create an optimal mechanical environment for the spinal cord to 
spontaneously heal, particularly in incomplete injuries. Additionally 
this will prevent progressive deformity or severe intractable pain. 
Mechanical stabilization is particularly important after decompres-
sive procedures as adequate decompression of the spinal cord in the 
trauma setting will often increase instability in the affected segment. 
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Exact methods of stabilization are a complex discussion and beyond 
the scope of this manual but are briefly discussed above.

b. Physiologic concerns. In the acute setting, primary attention must 
be given to maintaining adequate perfusion of the spinal cord to 
insure adequate delivery of oxygen and removal of waste products 
in order to optimize spinal cord recovery. Several studies have 
suggested maintaining a mean arterial pressure of greater than 85 
for 5 to 7 days will optimize spinal cord recovery. At a minimum 
hypotension must be avoided to prevent a spinal cord infarction or 
extension of the injury. This may require pharmacologic pressors and 
will always be best accomplished in the ICU setting. Currently the 
only indicated pharmacologic intervention in the spinal cord injured 
patient is pressor support, particularly in the patient with neurogenic 
shock.

2. Steroids
a. There does not currently exist level one evidence for the utilization 

of steroids or any pharmacologic agent for the amelioration of spinal 
cord injury.34

E. Shock syndromes associated with spinal cord injury
1. Spinal shock represents a transient condition that may be described as a 

“concussion” of the spinal cord or temporary disruption in the ability of 
the spinal cord to transmit signals. This will be variably associated with 
permanent injury but will initially manifest itself as a complete injury. 
This will typically resolve by 48 hours but may persist up to 6 weeks. 
Spinal shock may be associated with, but must be differentiated from, 
neurogenic shock.

2. Neurogenic shock is a physiologic condition manifesting itself second-
ary to disruption of sympathetic pathways controlling blood pressure 
and heart rate. This will be clinically evident as a relative bradycardia 
in the setting of hypotension. Initial treatment is volume resuscitation, 
particularly in the trauma patient who may have combined hypovolemic 
and neurogenic shock. Pharmacologic management is indicated and 
helpful in the management of this syndrome and will typically involve 
both alpha and beta agonists.

 IV. PARTICULAR CONSIDERATIONS IN SPINE TRAUMA

A. Blunt vertebral artery injury
1. Incidence rate is 33% in a cervical spine fracture–dislocation.35 Vertebral 

artery injury incidence, rate of stroke in untreated samples, is up as high 
as 14% and decreases to near 0% with the institution of antiplatelet 
therapy.35

B. Gunshot wounds to the spine
1. Gunshot wounds to the spine associated with a perforated viscous 

are initially treated with antibiotics and evaluation for stability. The 
stability assessment in gunshot wounds is not the same as that for 



2 5 8   M A N U A L  O F  O R T H O P A E D I C S

blunt trauma and can be controversial. A minimum of 2 days of broad 
spectrum antibiotics is indicated with 2 weeks of IV antibiotics for 
viscous penetrations being ideal. Bullet removal does not appreciably 
alter outcome and may be associated with an unacceptably high risk of 
cerebrospinal fluid leak.36–38

C. The stiff spine
1. A spine may become ankylosed through various conditions includ-

ing ankylosing spondylitis, diffuse idiopathic skeletal hyperostosis, 
posttraumatic as well as postoperative, and any number of congenital 
anomalies. Any patient complaining of pain after trauma in the region 
of an arthrodesed spine warrants advanced imaging studies to rule out 
any associated fracture. Fractures associated with the ankylosed spine are 
presumed to be unstable and in patients with ankylosing spondylitis are 
highly unstable and associated with a high risk of neurologic deterioration 
if treated in a nonoperative fashion or if identified in a delayed fashion.
(Chapman) Imaging studies would include an MRI most typically. 
However, patients unable to obtain an MRI secondary to pacemakers or 
other implants or medical stability may be assessed with a bone scan to 
equal effect. There is limited role for nonoperative management of these 
types of fractures. However, in selected patients with diffuse idiopathic 
skeletal hyperostosis, nonoperative management may be successful.

D. The osteoporotic spine
1. Patients with osteoporosis are at risk for glacial deformity and recur-

rent insufficiency fractures. These may commonly be missed on plain 
radiographs and CT, and either a bone scan or MRI is warranted to 
evaluate for these injuries. There continues to be a role for kyphoplasty 
in the treatment of the osteoporotic fracture for pain control, structural 
support, and for augmentation of implants in operative interventions.39
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13
 I. LOW BACK PAIN. Low back pain is ubiquitous in the population, with 50% to 

90% of persons having back pain at some point in their lives, and with an annual 
incidence of 15% to 40%. It is the most common cause of activity limitation in 
persons younger than 40 years. Fortunately, most patients with back pain will 
improve with time and will not require extensive studies beyond a good history 
and physical examination. However, it is important for the clinician to identify 
patients for which a more urgent or advanced evaluation is needed.

A. History taking in the patient with low back pain. A thorough history is 
important in determining the etiology of back pain. Important elements of 
the history are listed in Table 13-1. These elements derived from the history 
can collectively indicate a specific diagnosis.

Although the common causes are benign and self-limiting, it is ex-
tremely important to be aware of “red flags” and rule out the dangerous 
causes that require urgent and advanced evaluation (Table 13-2). These 
red flags include progressive neurologic deficits, night pain, pain at rest, 
fever, and loss of bowel or bladder control. The common patient with 
back pain is between the ages of 20 and 50 and has no signs or symptoms 
of systemic illness. Be on the alert for back pain in the young and the old. 
A history of night sweats, fever, weight loss, and fatigue may be indicative 
of a malignancy or an infection. It is also important to elicit any past low 
back injuries and family history of back problems and to determine forms 
of treatment that the patient has received and their effects on the pain, as 
these may provide diagnostic clues.

B. Physical examination. The physical examination complements a good his-
tory in the process of arriving at a differential diagnosis. The examination 
begins with observing the patient’s gait as well as the body position chosen 
by the patient (patients with acute sciatica may choose to avoid sitting in 
a slouched position, as this places extra pressure on the impinged nerve 
root). The back should be exposed, and one should look for any redness or 
warmth and hairy patches or skin defects. The presence of muscle atrophy 
or asymmetry should also be noted. Next, the range of motion of the spine 
is tested. Pain that is aggravated by flexion generally indicates a disc prob-
lem, whereas pain that is aggravated by extension points to stenosis, facet 
arthritis, or spondylolysis. Palpation should then be performed. Spinous 
process tenderness may indicate an acute osteoporotic fracture, whereas 
tenderness in the area of the posterior superior iliac spine indicates pain 
from the sacroiliac joint. A palpable step-off between the spinous processes 
indicates a spondylolisthesis. A complete motor and sensory examination 
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TABLE 13-1  Pertinent Elements of History in a Patient  
with Low Back Pain

Duration and onset of pain
Location
Character
Aggravating factors/activities
Alleviating factors/activities
Radiation
Associated numbness, weakness, or bowel or bladder disturbance
Temporality
Constitutional symptoms
Prior back injury and surgery
Treatment received and response to treatment
Review of systems

TABLE 13-2  “Red Flags” in Patients Presenting with Back Pain

Concern for malignancy
Age >50
Previous history of cancer
Unexplained weight loss
Pain unrelieved by bed rest
Pain lasting >1 mo
Failure to improve within 1 mo
Acute trauma

Concern for infection
Erythrocyte sedimentation rate >20 mm
Intravenous drug abuse
Urinary tract infection
Skin infection
Fever

Concern for compression fracture
Corticosteroid use
Age >70
Age >50

Concern for neurologic problem
Sciatica
New bowel or bladder incontinence
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including deep tendon reflex testing is essential. Dermatomal sensory defi-
cits and muscle weakness may show a pattern indicating impingement of a 
specific nerve. A straight leg raise is generally performed with the patient in 
the supine position, but can be done first with the patient in the seated po-
sition when the patient’s physical symptoms seem disingenuous. In patients 
where there is a concern for cauda equina syndrome, a rectal examination 
and perianal sensation pinprick testing should be performed. Finally, an 
examination of the hip joint should be routinely performed, as there is 
significant overlap in clinical picture between hip and spine disorders. The 
flexion abduction external rotation (FABER) test should be performed to 
rule out a sacroiliac joint pathology.

C. Causes of low back pain. Low back pain is a symptom, not a disease, and 
the pathologic basis of the pain frequently lies outside the spine.
1. Vascular back pain. Abdominal aortic aneurysms or peripheral vascular 

disease may give rise to backache or symptoms resembling sciatica.
2. Neurogenic back pain. Tension, irritation, and compression of lumbar 

nerves and roots may cause pain down one or both legs. Lesions any-
where along the central nervous system, particularly of the spine, may 
present with back and leg pain.

3. Viscerogenic back pain. Low back pain may be derived from disorders 
of the organs in the lesser abdominal sac, the pelvis, or the retroperito-
neal structures such as the pancreas and kidneys. Renal stones can pres-
ent as severe back pain.

4. Psychogenic back pain. Clouding and confusion of the clinical picture by 
emotional overtones may be seen. A pure psychogenic component is rare.

5. Spondylogenic back pain. Common conditions causing spondylogenic 
back pain are outlined in Table 13-3.

TABLE 13-3  Common Conditions Causing Spondylogenic Back Pain

1. Disc degeneration
2. Spondylolisthesis
3. Trauma

Myofascial sprains/strains
Fractures

4. Infection (bacterial tuberculosis)
5. Tumor (benign, malignant, metastatic)
6. Rheumatologic

Ankylosing spondylitis/spondyloarthropathy
Fibrositis/fibromyalgia

7. Metabolic
Osteoporosis
Osteomalacia
Paget disease
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a. Disc degeneration is by far the most common cause of back pain. 
Disc degeneration may occur anywhere along the spine and produce 
neck pain, thoracic spine pain, or lumbar or low back pain. Disc de-
generation may be associated with nerve root irritation, which would 
then result in radicular leg pain.

 i. Anatomy. The spine provides stability and a central axis for 
the limbs that are attached. The spine has to move, to transmit 
weight, and to protect the spinal cord. When viewed from the 
side, the thoracic spine is concave forward (kyphosis) and the 
cervical and lumbar regions are concave backward (lordosis).

 ii. Vertebral components
(a) Each segment of the vertebral column transmits weight 

through the vertebral body anteriorly and the facet joints pos-
teriorly. Between adjacent bodies are the intervertebral discs, 
which are firmly attached to the vertebrae. The disc consists 
of an outer annulus fibrosus, which is made up of concentric 
layers of fibrous tissue, and a central avascular nucleus pulpo-
sus, which consists of a hydrophilic gel made of protein, 
polysaccharide, collagen fibrils, sparsely chondroid cells, and 
water (88%). The spinal cord and cauda equina are found 
within the spinal canal. At each intervertebral level, nerve 
roots leave the canal through the intervertebral foramina.

(b) A functional spinal unit or motion segment consists of two 
adjacent vertebrae and the intervertebral disc. It forms a 
three-joint complex with the disc in front and two facet 
joints posteriorly. The facet joints, like other joints in the 
body, have capsules, ligaments, muscles, nerves, and vessels. 
Changes in one joint affect the other two. Narrowing of the 
disc space, therefore, may result in malalignment of the facet 
joints and, with time, may lead to wear-and-tear degenerative 
arthritic changes in those joints.

 iii. Normal aging is associated with a gradual dehydration of the 
disc. The nucleus pulposus becomes desiccated, and the annulus 
fibrosus develops fissures parallel to the vertebral end plates run-
ning mainly posteriorly. Small herniations of nuclear material 
may squeeze through the annular fissures and may also penetrate 
the vertebral end plates to produce Schmorl’s nodes. If the 
nuclear material impinges against a nerve, it may produce nerve 
root irritation. The flattening and collapse of the disc results in 
osteophytes along the vertebral bodies. Malalignment and dis-
placement of the facet joints is an inevitable consequence of disc 
space collapse, leading to osteophytes that may narrow the lateral 
or subarticular recess of the spinal canal or the intervertebral fo-
ramina. This narrowing of the spinal canal or the intervertebral 
neural foramina is called spinal stenosis.

 iv. Pain from disc degeneration without nerve root irritation. 
There are three patterns of low back pain associated with disc 
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degeneration: acute incapacitating backache, which may oc-
cur a few times in a person’s life and not be a regular problem; 
recurrent aggravating backache, which is the most common 
type and is associated with regular periods of recurrence and re-
mission of back pain; and chronic persisting backache, which 
is most difficult to treat and the patients have constant disabling 
back pain.
(a) The back pain associated with disc degeneration is me-

chanical in nature. It is aggravated or brought on by activity 
and relieved by rest in the acute phase. Rest as a treatment 
strategy should be limited to 1 to 2 days. There may be a 
referred component of back pain into the legs, but this is 
usually down the back of the legs and rarely goes beyond 
the knee. The low back pain may be due to periods of hard 
work, prolonged standing or walking, or prolonged sitting 
in one position. The peak incidence of back pain in the gen-
eral population is in the 40s and 50s. This is the time when 
the discs have collapsed, and there is relative instability at 
the motion segment. The natural history, however, is for the 
spine to eventually stabilize with increased fibrosis around 
the facet joints and the discs. As the patient gets older, the 
physical demands become less and the spine becomes stiffer. 
The incidence of mechanical back pain, therefore, declines 
beyond the 60s.

(b) Patients who give a history of fever, weight loss, malaise, 
night and rest pain, morning stiffness, and colicky pain 
should be carefully evaluated for the possibilities of infection, 
tumor, spondyloarthropathy, or viscerogenic back pain.

 v. Disc degeneration with root irritation
(a) Nerve root irritation and compression may be due to an 

acute disc herniation or may be associated with spinal 
stenosis. Acute disc herniation results in sciatica, which 
typically presents with severe, incapacitating pain that radi-
ates from the back down the leg. There may be associated 
paresthesias, numbness, motor weakness, or reflex changes. 
The pain may be constant and is frequently aggravated by 
coughing, sneezing, and straining. Intradiscal pressure is in-
creased in a bending and sitting position, especially if lifting 
is performed, therefore increasing the amount of pain. The 
pain may be lessened by lying down.

(b) The most frequent sites of disc herniation are within the 
spinal canal, resulting in impingement of the traversing nerve 
root. Less commonly, a disc herniation may be located later-
ally in the foramen, resulting in impingement of the exiting 
nerve root. The leg pain or sciatica is accompanied by signs 
of nerve root tension, which can be diagnosed by a positive 
straight-leg raising test, bowstring sign, or Lasègue test.
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(c) In spinal stenosis, the leg pain or radicular pain is brought 
on by prolonged walking or standing (neurogenic claudica-
tion). The pain may be associated with paresthesias and is re-
lieved by sitting or stooping. There are few physical findings 
or neurologic deficits unless the condition has been present 
for a long time and is advanced. Neurogenic claudication 
associated with spinal stenosis should be distinguished from 
vascular claudication caused by peripheral vascular disease.

 vi. Neurology of the lower extremities. The nerve roots leaving 
the spine at each segmental level may be affected by acute disc 
herniations, bony foraminal stenosis, or stenosis associated with 
both soft-tissue and bony compression. The nerve root may be 
affected within the central spinal canal either in the subarticular 
recess or in the intervertebral foramen. Both the traversing and 
the exiting nerve root may be affected. It is important to cor-
relate the patient’s symptoms and physical findings with the 
abnormalities seen on radiographs, MRI scans, and CT studies. 
It is important, therefore, to have knowledge of the nerve roots 
and their distal innervation. The main nerve roots are listed in 
Table 13-4.

 vii. Imaging studies
(a) Radiographs may appear normal or demonstrate disc space 

narrowing, osteophyte formation, or instability on lateral 
flexion and extension views. They are usually not helpful in 
acute low pain, as it has been demonstrated that there is no 
clear-cut correlation between low back pain and the presence 
of disc space narrowing on plain radiographs.1 In general, 
radiographs should not be obtained until the pain has per-
sisted 6 weeks because most pain episodes are self-limited. 
However, in patients with red flags such as rest pain, night 
pain, or a history of significant trauma, anteroposterior and 
lateral X-rays should be obtained.

(b) Myelograms are invasive and are less commonly used. They 
may be used in combination with CT scans in patients who 

TABLE 13-4  Neurology of the Lower Extremity

Root Muscles Sensation Reflex

L2 Hip flexion Anterior thigh (proximal) None
L3 Knee extension (quadriceps) Anterior thigh (distal) Patellar
L4 Anterior tibialis Medial leg Patellar
L5 Extensor hallucis longus Lateral leg and dorsum 

of foot
None

S1 Gastrocsoleus peroneus 
longus and brevis

Lateral foot Achilles
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have complex problems or who have had multiple surgeries 
and instrumentation. Myelograms should be ordered either 
by or with direct consultation of the treating surgeon.

(c) CT scans are generally helpful when MRI scans cannot be 
obtained. They provide excellent definition of the osseous 
anatomy. Pars fractures are clearly identified with CT scans.

(d) MRI scans of the lumbar spine are noninvasive, provide 
detailed anatomic imaging, and show compromise of neural 
structures.

(e) Bone scans of the spine and pelvis are useful if tumor and 
infection are suspected, although these abnormalities can 
also be picked up easily on an MRI scan. A SPECT scan will 
distinguish between a symptomatic and an asymptomatic 
spondylolysis.

(f ) Indications for imaging acutely in low back pain. Acute 
imaging is indicated only if there is a history of trauma, con-
cern for infection or tumor, presence of a neurologic deficit, 
suspicion for osteoporosis, and acute fracture.

b. Spondylolisthesis. Spondylolisthesis is the forward slippage of one 
vertebra on another. Spondylolysis is the presence of a bony defect 
of the pars interarticularis, which may result in spondylolisthesis. 
The incidence of spondylolysis/spondylolisthesis in the asymptom-
atic population is 3% to 5%. Spondylolysis and spondylolisthesis 
are common causes of back pain in children and adolescents. It is 
unclear how common this entity results in back pain in adult pa-
tients. Factors that indicate a higher probability of slip progression in 
children and adolescents include female gender, skeletal immaturity 
(pregrowth spurt), and greater than 50% slip. These patients must be 
followed much more closely, particularly if they are gymnasts or per-
form other activities that place extra stress on their posterior-lateral 
elements.

 i. Classification
(a) Dysplastic
(b) Isthmic
(c) Traumatic
(d) Pathologic
(e) Degenerative

 ii. Dysplastic spondylolisthesis is caused by congenital abnormal-
ity of the lumbosacral articulation, including deficiency and 
malorientation of the facets. Isthmic spondylolisthesis results 
from a defect in the pars interarticularis, allowing forward slip-
page of the vertebrae. It may be related to an acute fracture, a 
fatigue fracture, or an elongation or attenuation of an intact pars 
interarticularis. Traumatic spondylolisthesis is caused by an 
acute fracture of the pedicle, lamina, or facet. Pathologic spon-
dylolisthesis results from an attenuation of the pedicle caused 
by the weakness of bone (e.g., osteogenesis imperfecta). The 
most common type is degenerative spondylolisthesis, which 
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results from degeneration of the disc and facet joints resulting in 
instability.

 iii. The Meyerding grading system is used to indicate the percent-
age of displacement of the superior vertebral body on the inferior 
vertebral body as follows: grade I, 0% to 25%; grade II, 25% to 
50%; grade III, 50% to 75%; grade IV, 75% to 100%; grade V, 
greater than 100% spondyloptosis.

 iv. Etiology. The initial onset of a lesion occurs at approximately 
8 years of age. History of minor trauma may exist. The onset of 
symptoms coincides closely with either the adolescent growth 
spurt or the repetitive athletic activity. It is thought to originate 
in a stress or fatigue fracture. The shear stresses are greater on the 
pars interarticularis when the spine is extended. Such stresses are 
seen with certain activities (e.g., back walkovers in gymnastics, 
carrying heavy backpacks, and heavy lifting).

 v. Clinical findings in isthmic spondylolisthesis. Patients who 
are symptomatic present with an insidious onset of low back pain 
during the adolescent growth spurt that may also radiate to the 
buttocks of posterior thighs. The pain is noted to be exacerbated 
by extension of the lumbar spine. Inspection of the back for 
scoliosis should be performed. A few patients do have nerve root 
or radicular pain in the lower extremities. Hamstring tightness or 
spasm is commonly found in symptomatic patients. A palpable 
step-off may be felt at the level of the slip.

 vi. Anteroposterior and lateral radiographs are helpful in making the 
diagnosis to demonstrate the slip. An undisplaced spondylolysis 
is best seen on the oblique views of the lumbar spine. The “Scot-
tie dog” sign describes the appearance of the facet joints and pars 
interarticularis on the oblique radiographs. A break in the “Scot-
tie dog” neck represents the pars fracture in spondylolysis. For 
the young patient with back pain felt to be due to spondylolysis/
spondylolisthesis, it is important to institute activity modifica-
tion and close follow-up. If symptoms persist, then consultation 
is advised. Bracing may be considered if there is persistent pain 
that is not resolved by activity modification. There is no urgency 
about surgical treatment of spondylolisthesis unless serial radio-
graphs have demonstrated progression of the slip or if there is a 
significant neurologic impairment.

D. Treatment
1. Treatment of acute non-radicular back pain. The key elements of 

initial treatment include analgesia and patient education. Use of non-
steroidal anti-inflammatory drugs (NSAIDs) as first-line treatment for 
back pain has demonstrated benefit.2,3 The addition of short duration 
treatment (several days) with muscle spasm medication appears benefi-
cial.4,5 The use of muscle relaxants in conjunction with NSAIDs appears 
to have a beneficial effect.6 Patients with more severe pain may require 
opioid medication, but this should be used judiciously and tapered as 
the pain subsides.
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In the past, activity modification and bed rest had been advocated 
for acute low back pain management. However, studies have shown that 
bed rest provides no benefit over maintaining activities as tolerated, and 
may in fact have detrimental effects.7,8

There is no definitive evidence supporting the effectiveness of 
physical therapy in acute low back pain treatment, although aerobic 
exercise has a positive correlation with spine health.9 Manual therapy 
(such as chiropractic, osteopathic, or physical therapy applied manual 
techniques) appears to shorten the duration and intensity of symp-
toms.10 There is no role for surgery in the treatment of acute, low back 
pain. The use of guidelines appears to have some benefit, but has had 
variable use to date.11

2. Treatment of acute sciatica. Initial treatment is directed at making the 
symptoms tolerable for the patient until the natural history of improve-
ment occurs. This involves use of NSAIDs and muscle relaxants as nec-
essary. The use of short-term oral steroids can also be effective for severe 
sciatica. Opioid medication can be given in severe cases, but no longer 
than 7 days. The exception to this nonoperative approach is in patients 
with cauda equina syndrome (CES), where surgical decompression is 
required within 24 to 48 hours of onset to maximize the probability 
of neurologic recovery.12,13 Progressive neurologic deterioration without 
CES is also a relative indication for expedited surgery. There is recent 
evidence that transforaminal epidural steroid injections (ESI) may avoid 
surgery in a number of patients.14

If unacceptable pain persists at 4 to 6 weeks, then surgical treatment 
is of benefit. A recent randomized trial comparing operative and non-
operative treatment for acute disc herniation showed superior outcomes 
with surgical management.15

3. Treatment of lumbar spinal stenosis. Neurogenic claudication is a 
chronic disease that develops slowly, but is usually progressive.16 Given 
its insidious course, it is always reasonable to consider nonoperative op-
tions first. In addition, most patients are older and may have comorbidi-
ties that make them poor surgical candidates. Nonoperative measures 
include NSAIDs and physical therapy. Epidural steroid injections may 
be given three to four times in a 6-month period. The data to support 
the efficacy of nonoperative treatment are limited.

In patients with severe pain and functional loss, surgical interven-
tion may be considered. The benefit of lumbar decompression over 
nonoperative treatment in patients with at least 12 weeks of persistent 
symptoms has been shown in recent randomized trials.17,18

In patients with both lumbar stenosis and degenerative spondylolis-
thesis, there are good data indicating the benefit of decompression and 
fusion.19–21 There is much debate about the benefit of spinal instrumen-
tation in combination with fusion. Spinal instrumentation increases 
the fusion rate. Successful fusion provides better clinical results than 
pseudarthrosis.19
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4. Treatment of chronic low back pain. There are differences in natural 
history, treatment, and prognosis between acute and chronic low back 
pain. The treatment of chronic back pain is a challenging and con-
troversial subject.22 The difficulty lies in diagnosing the specific pain 
generator. There are many confounding variables such as workers com-
pensation, smoking, litigation, diabetes, and psychological issues.23–26 
The pain generator could be disk degeneration, facet degeneration, 
chemically mediated nerve irritation, or other as yet undefined mecha-
nisms.27 Since these patients are such a variable cohort, conflicting data 
arise from studies with highly variable entry criteria.

There is great variability in recommended nonoperative treatment 
with highly variable results. There is consensus that education is a vital 
component of treatment.28–31 Patients should be taught proper posture, 
correct spine biomechanics in everyday activities, and the dos and 
don’ts off back care. The use of exercise programs focusing on core 
strengthening and flexibility exercises has demonstrated benefit in these 
patients.32,33 Medications that are used for chronic back pain include 
NSAIDs, muscle relaxants, and antidepressants.3,5,34 Judicious use of 
opioid medication may be considered in patients with severe debilitating 
pain, with the awareness of the potential for dependence.

There is also variability in surgical treatment recommendations rang-
ing from uninstrumented posterior fusion, instrumented posterior fusion, 
various interbody fusion techniques, and minimally invasive techniques 
using these same strategies to the newest technologies for motion preser-
vation such as artificial disc replacement or posterior ligamentous tether-
ing devices. A prospective randomized trial looking at chronic low back 
pain treatment demonstrated the effectiveness of surgery compared with 
nonoperative treatment,35 indicating that surgery is an option in patients 
with persistent disabling pain who have exhausted nonoperative measures.

 II. DEFORMITIES OF THE SPINE. There are three basic types of spinal defor-
mity: scoliosis, kyphosis, and lordosis.

A. Scoliosis
1. Scoliosis is a side-to-side curvature when the spine is viewed in the 

coronal plane. This deformity may be flexible and reactive, or fixed 
and structural. In the former, there is no structural change, and the 
deformity is correctable. There are three causes of a flexible scoliosis: 
postural, compensatory (to another curve, pelvic tilt, or short leg), and 
sciatic. In structural scoliosis, there is a three-dimensional deformity. 
The vertebrae are deformed and are rotated toward each other. The re-
sulting rotation of all the attachments and appendages of the vertebrae, 
such as ribs and processes, results in asymmetry of the body, waistline, 
and paravertebral prominences, as well as shoulder elevation.

2. The broad categories of structural scoliosis are as follows:
a. Idiopathic (infantile, juvenile, and adolescent)
b. Osteopathic (congenital)
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c. Neuropathic (cerebral palsy, poliomyelitis)
d. Myopathic (muscular dystrophies)
e. Connective tissue (Marfan syndrome, Ehlers-Danlos syndrome)
f. Neurofibromatosis

3. Scoliosis is also seen in other disease processes such as spinal cord inju-
ries, infections, metabolic disorders, and tumors.

4. Curve types
a. A structural curve is a segment of the spine with lateral curvature 

lacking normal flexibility.
b. A primary curve is the first or earliest of several curves to appear. A 

compensatory curve is a curve above or below a major curve. It may 
progress to become a fixed or secondary curve.

5. Adolescent idiopathic scoliosis. This is the most common type and 
has no known cause. It presents around puberty and may progress until 
skeletal maturity has been reached. There may be one, two, or three 
curves occurring most frequently in the thoracic and lumbar spine.
a. Risk factors for progression of adolescent idiopathic scoliosis. 

Progression is related to the size of the curve, the area of the spine 
involved, and the physiologic age of a patient. Large thoracic curves 
progress to a greater degree than single lumbar or thoracolumbar 
curves. The younger the skeletal age, the more likely the curve pro-
gression. Progression is less likely to progress in boys than in girls.

6. Clinical findings. Presentation of a painless deformity occurs between 
10 and 15 years of age. If severe and persistent pain is present, the pos-
sibility of a tumor (most commonly osteoid osteoma), sciatic scoliosis, 
or spondylolysis should be considered. The rotational deformity is more 
noticeable on forward flexion, creating a paravertebral prominence. 
Other clinical features include shoulder elevation, neckline prominence 
on side asymmetric waistline, or prominent hip. The term spinal imbal-
ance refers to the head or the trunk being off-center with respect to the 
pelvis. Clinically, this can best be measured by dropping a plumb line 
from the base of the skull. Any deviation of the line from the gluteal cleft 
measures the amount of spinal imbalance to the left or right. A complete 
history and physical examination is performed to exclude other causes of 
scoliosis.
a. The history of a patient with spinal deformity should include age 

when the deformity was first noted, the perinatal history, age at 
menarche, and the family history of scoliosis. In children and adoles-
cents, scoliosis is generally not painful. If persistent pain is present, 
appropriate diagnostic tests should be performed to exclude bony or 
spinal tumor, herniated discs, or other abnormalities. The patient 
is examined undraped, except for undershorts, and asymmetries in 
the shoulder, scapular, waistline, and pelvic region are identified. 
The balance of the thoracic area over the pelvis is assessed. The C7 
plumb line test is used to evaluate the balance of the head over the 
pelvis and the range of motion of the spine in flexion and extension. 
Side bending is also observed. The patient should also be inspected 
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from the side for the evaluation of kyphosis or lordosis. The forward 
bend test is useful to identify areas of asymmetry in the paravertebral 
areas. Prominence of the scapula or rib on one side is called a “rib 
hump.” A complete neurologic examination should be performed. 
Pubertal stages in girls and boys are assessed. Leg length from the 
anterior-superior iliac spine to the medial malleoli is measured. The 
lower extremities are evaluated for deformities or contractures.

7. Radiographic evaluation includes full length views of the entire spine 
in a standing position. The angle of curvature is measured. The size of 
the curve is measured by the Cobb method. The upper and lower end 
vertebrae are identified. These are the vertebrae that are maximally tilted 
into the curve. A line is drawn along the superior end plate of the upper 
end vertebra, and a second line is drawn parallel the inferior end plate of 
the lower end vertebra. Perpendicular lines are drawn from these lines. 
The intersection of the two perpendicular lines is the Cobb angle. Ra-
diographs are also used to evaluate the degree of skeletal maturity. The 
Risser classification measures skeletal maturity based on the degree of 
iliac apophysis ossification from anterolateral to posteromedial.

8. Treatment. The natural history of these curves varies. Some curves re-
main the same, others progress, and yet others progress relentlessly. The 
goal of treatment is to prevent curve progression. Serial radiographs are 
obtained every 4 months until skeletal maturity. Risk of curve progres-
sion is greatest in younger patients with larger curves.
a. Bracing is indicated in the growing patient with curves of 20° to 40°. 

Bracing the body and torso indirectly exerts forces on the spine (e.g., 
pressure pads on ribs attached to convex vertebrae) and may prevent 
further curve progression, but does not straighten the curvature.

b. Surgery is indicated for curves greater than 40° in the skeletally im-
mature patient who has failed conservative treatment. Anterior or 
posterior instrumentation is performed to correct the curvature and 
stabilize the spine. Bone grafting is added to achieve spinal fusion.

B. Kyphosis

1. The gentle posterior curvature of the normal thoracic spine when 
viewed from the side (sagittal plane) is kyphosis. The normal range is 
20° to 40°. Excessive posterior curvature beyond normal is also referred 
to as kyphosis.

2. Adolescent round back (postural kyphosis) is a flexible deformity 
evenly distributed throughout the thoracic spine and without any struc-
tural changes. It may be due to lax ligaments or poor muscle tone and is 
associated with other postural defects such as flat feet. Treatment is the 
same as for Scheuermann kyphosis.

3. Structural kyphosis refers to stiff curves with vertebral wedging. It is 
seen in Scheuermann disease and osteoporosis (round back of old age). 
This type of kyphosis has underlying structural change and usually has 
a local sharp posterior angulation, also termed kyphus, which may also 
be seen in fracture or infection.
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4. Classification
a. Postural kyphosis
b. Scheuermann disease
c. Myelomeningocele
d. Traumatic kyphosis
e. Postsurgical kyphosis
f. Postradiation kyphosis
g. Metabolic disorders
h. Skeletal dysplasia
i. Tumors

5. Scheuermann disease (adolescent kyphosis). This is a growth disorder 
of uncertain etiology involving the vertebral growth plates.
a. Clinical findings

 i. There are two types based on location. The classic form of 
Scheuermann disease occurs in the thoracic spine. Criteria for 
diagnosis include wedging of at least 5° of three adjacent verte-
brae and end plate irregularity. This type is twice as common in 
girls as in boys. The painless deformity is usually first noticed 
by parents. Pain may occur, but is a rare symptom. Onset is 
usually around 10 years of age. A distinct hump at the apex 
of the kyphosis is frequently noted. The deformity is accentu-
ated on forward flexion, and its rigidity prevents correction on 
extension.

 ii. The lumbar form of Scheuermann disease occurs more com-
monly in adolescent boys. They present with chronic mechanical 
lumbar pain, which may improve with maturation.

 iii. The Cobb method of measuring kyphosis is used to measure the 
degree of angulation, and a value greater than 45° to 50° in the 
thoracic spine is significant.

6. Treatment. A progressive kyphosis of the thoracic spine in a skeletally 
immature patient is treated with a Milwaukee brace until maturity. Sur-
gery is reserved for cases with curves greater than 75° that have pain or are 
unresponsive to bracing. Lumbar Scheuermann disease is not responsive 
to bracing. It is treated by exercises and anti-inflammatories if painful.
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14
 I. GENERAL INFORMATION

A. Anatomy, epidemiology, and mechanism. The clavicle is the main stabi-
lizer between the axial (via the sternoclavicular joint) and the appendicular 
(via the acromioclavicular joint) skeleton. It has a unique S-shaped curve 
as seen in an axial X-ray projection, but is flat in the anteroposterior plane. 
Any force absorbed by the upper extremity transmits to the thorax through 
the clavicle. This fact, in addition to its superficial location, explains why 
it is vulnerable to injury. It has been estimated to be one of the most com-
monly fractured bones, at 3.8% of all fractures.1

Classic articles2,3 on clavicle fractures indicated that nonunion after frac-
ture occurred approximately 0.1% to 0.8% of the time; however, nonunion 
rates in contemporary series are higher. A systematic review of 2,144 clavicle 
fractures by Zlowodzki et al.4 detailed a 15.1% nonunion rate in displaced 
clavicle fractures. Risk factors for nonunion include advancing age, female 
gender, completely displaced clavicle fractures with bony no contact, distal 
clavicle fractures, and comminuted fractures.5 These variables do not pro-
vide absolute indications for surgery, but should be taken into consideration 
for treatment decision making.

Most often, clavicle fractures result from a blow to the shoulder region, 
such as during a fall to the turf, although they may also result from a direct 
hit to the collarbone. These fractures are most commonly seen in children 
and young adults, but are diagnosed with increasing frequency in later de-
cades, when lifestyles are more active, and in the context of the  osteoporosis 
epidemic.

B. Classification. Allman6 classified these fractures according to whether 
they were proximal, middle, or distal one-third injuries and noted that the 
middle one-third fracture was by far the most common. Approximately 
15% of clavicle fractures are in the distal one-third, 5% in the proximal 
one-third. The distal one-third clavicle fracture should be distinguished 
further as to whether it is intraarticular or extraarticular and whether or 
not it is displaced, which would imply disruption of the coracoclavicular 
ligaments.2,7

 II. DIAGNOSIS

A. History and physical examination. Pain and deformity localized to the 
clavicle provide the most typical presentation. Frequently, ecchymosis and 
tenting of the skin are recognized. The typical deformity in the common 
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middle third fracture is caused by the proximal (medial) fragment being 
pulled by the sternocleidomastoid muscle. The deformity is accentuated by 
the weight of gravity on the upper extremity pulling downward on the distal 
(lateral) fragment.

Physical examination will frequently detect bony crepitus and should 
include inspection of the skin for punctures or lacerations consistent 
with an open fracture. As the clavicle is directly anterior to the brachial 
plexus and the subclavian artery, examination should also include neuro-
vascular assessment, particularly in injuries associated with high-energy 
mechanisms.

B. Radiographs. A standard anteroposterior view of the clavicle usually con-
firms the diagnosis of a fracture. Adding 15° of tube tilt (caudad for PA; 
cephalad for AP) aids fracture visualization by limiting surrounding struc-
tures in the X-ray field.

Radiographic protocols need to be defined to better describe displace-
ment. At our institution, we use a bilateral panoramic view of both shoul-
ders to measure clavicular shortening (Fig. 14-1). Additionally, supine and 
upright AP views of the shoulder are obtained to better assess instability 
(Fig. 14-2). Many times greater displacement and angulation manifest in 
the upright films; thus, this X-ray is the more relevant position for measure-
ment. Fracture location, degree of comminution, and displacement (both 
vertical translation and medialization) should be assessed. These factors are 
used to determine how the patient will be managed. Often, in the setting 
of polytrauma, a chest X-ray provides the initial radiographic diagnosis. 
Surrounding structures such as the scapula and ribs should be inspected 
for injury as well.

Repeat X-rays of the shoulder are warranted on a weekly basis for the 
first 3 weeks if nonoperative treatment is chosen, because clavicle frac-
tures have a propensity to displace and shorten in the early peri-injury 
period.8

Figure 14-1. Panoramic clavicle view of a midshaft clavicle fracture. Two methods of mea-
suring shortening are illustrated. Measuring the difference in clavicle length has been shown to 
have a high interreader reliability; however, it is imperative that the X-ray technician ensures 
proper patient position when taking the X-ray. In this particular view, the lengths of the 
injured and uninjured clavicle are almost equivalent, while there is clearly enough fragment 
medialization to consider operative management. Comparing pedicle and glenoid fossa sym-
metry are helpful in assessing the presence of rotation in the patient or shoulder.
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Figure 14-2. A: AP clavicle view with patient upright at the time of X-ray. There is marked 
medialization and vertical displacement of the clavicle fracture. B: AP clavicle view was 
obtained the same day with the patient supine. The fracture is minimally displaced in this 
position. Obtaining both upright and supine views is helpful to appreciate fracture stability as 
well as the amount of displacement.

 III. TREATMENT

A. Nonoperative. Extraarticular fractures displaced less than 1 cm should be 
treated with a simple sling or sling-and-swathe immobilizer for comfort. 
A figure 8 strap may be used to maintain the shoulder in a retracted posi-
tion to theoretically improve alignment. This technique may be most useful 
for children, in which case care must be taken not to snug it too tightly, 
which can compromise the skin and compress the brachial plexus. There 
is, however, no evidence suggesting either technique is superior, in terms of 
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radiographic and functional outcomes,9 so sling treatment today is favored 
by most clinicians. Evidence also suggests that patient satisfaction is higher 
with simple sling treatment.10

Intraarticular distal clavicle fractures most often warrant nonoperative 
treatment if the coracoclavicular ligaments are intact and there remains 
some cortical apposition between fragments. In the case of intraarticular 
clavicle fractures, the patient should be warned of the possibility of arthritic 
symptoms if there is stepoff or comminution at the acromioclavicular joint. 
This outcome can be treated on a delayed basis with distal clavicle resection. 
In children, a couple of weeks of relative immobilization is all it takes before 
callus begins to provide the splinting necessary for healing of the bone ends. 
Despite displacement, preadolescents should be treated nonoperatively in 
all cases on account of their remodeling potential. In adults, 3 to 4 weeks of 
such immobilization will provide the same relief. Patients can then begin to 
advance their motion and shoulder use as allowed by symptoms.

B. Operative. There are several indications for operative management of 
clavicle fractures.
1. The clearest indication is the case of an open fracture, which requires 

irrigation, debridement, and stabilization. The most common form of 
internal fixation is with plate and screws.

2. Fractures lateral to the coracoid may be associated with torn coraco-
clavicular ligaments, in which case the shaft of the clavicle tends to 
displace proximally. This injury variant is associated with a higher rate 
of nonunion. Conservative management should be discussed with the 
patient and placed in the context of the patient’s activity level, hand 
dominance, age, and comorbidities. If this lateral fracture variant is 
displaced more than 1 cm, strong consideration should be given to 
openly reduce and fix the fracture. Numerous fixation techniques  
exist; however, the optimal technique is highly dependent on the size 
of lateral fragment, intraarticular extension, and presence of associated 
ligament injury. There are several choices of technique and implant for 
treating distal clavicle fractures. Two novel implants include the Hook 
Plate (Synthes USA, Paoli, PA), and the Endo Button (Arthrex, Naples, 
FL), but simple tension band wiring techniques can also be successfully 
used. Distal clavicle locking plates from several manufacturers that are 
precontoured and have the capacity for locking screws to capture the 
small or comminuted distal fragments are widely available.

3. Another relative indication for surgery is medialization more than 
2 cm, as determined by the amount of overriding of the clavicle shaft 
fragments (Figs. 14-1 and 14-3). McKee et al.11 documented poorer 
performance on endurance testing, and DASH scores in patients with 
more than 2 cm of shortening. Additionally, McKee et al has shown that 
corrective osteotomy for symptomatic malunions can improve function 
and strength.12

4. If the neck of the scapula (glenoid) is fractured along with the clavicle, 
this is also a relative indication for surgery. In such a circumstance, 
a displaced clavicle fracture should be fixed to stabilize the “floating 
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shoulder.” This injury complex implies that the glenohumeral joint has 
no support and is one type of a double disruption of the superior shoul-
der suspensory complex.13 Other authors have suggested the alternative 
of scapula fixation in that setting instead, and yet others have advocated 
fixation of both injuries.14–18 Minimally displaced double lesions should 
be treated nonoperatively.

C. Follow-up. Patients should be followed weekly for the first three weeks 
after injury to monitor healing and ensure further displacement has not oc-
curred. Patients need reassurance that discomfort, crepitus, and deformity 
are expected during this phase of healing. After this juncture, passive and 
gentle active range of motion should be encouraged, as well as light lifting, 
guided by the patient’s symptoms. Most often, good function has been 
restored by 3 months postinjury, at which time restrictions can be lifted 
except perhaps for high contact sports in the postadolescent ages. Radio-
graphic healing should be nearly complete by this juncture but can take 
months, particularly in the elderly.

D. Complications. Complications do occur following operative and non-
operative intervention. Rates of nonunion and symptomatic malunion 
following nonoperative treatment may be higher than previously thought. 
A meta-analysis of recent studies showed that the rate of nonunion of 
displaced midshaft clavicular fractures was 15.1% after nonoperative care 
compared with 2.2% after plate fixation.4 Intrinsic risk factors for non-
union include advancing age and female gender. Extrinsic factors include 
lack of cortical apposition and presence of comminution. In addition, 
 patients should be counseled from the beginning that they should antici-
pate a lump in the region of the fracture if treated nonoperatively. Opera-
tive complications are predominately related to implant irritation requiring 
hardware removal; however, infection, nonunion, and implant failure have 
all been reported. In addition, there is a remote potential for catastrophic 
complications, such as pneumothorax or neurovascular injury.

Figure 14-3. Postoperative X-rays of fracture illustrated in Fig. 14-1. A 2.7 LCDC plate with 
six locking screws was used. At least six cortices of fixation should be attained for adequate 
stability. Either precontoured plates can be used or 3.5 LCDC plates for larger patients and 
2.7 dynamic compression plates for small patients and adolescents.
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Regions Hospital and The University of Minnesota 
Recommendations

Clavicle Fractures

Diagnosis: Supine and upright 15° cephalad oblique view, and a  panoramic 
anteroposterior view of both shoulders to measure shortening on both 
sides

Nonoperative treatment: Sling for comfort: 2–4 wk, institute range-of-motion 
exercises at 2 wk. Advance motion, strengthening, and function as allowed 
by symptoms. Begin removal of all restrictions after 3 mo, depending on 
age and radiographic evidence for healing

Indications for surgery: Open fractures, vascular injuries, nonunions, or initial 
displacement of greater than 2 cm. Relative indications are displaced 
distal fractures, comminuted fractures, and simple fractures with no bony 
contact

Recommended technique: Anteroinferior plate of the clavicle after open 
 reduction, in slender patients, patients with simple transverse or short 
oblique patterns, or patients who use packs or straps over their shoulder. 
Superior plating is used in larger patients, comminuted fractures, and for 
nonunions, owing to the biomechanical advantage on the tension side of 
this bone. Either precontoured plates can be used or 3.5 LCDC plates for 
larger patients and 2.7 dynamic  compression plates for small patients and 
adolescents
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15
 I. STERNOCLAVICULAR INJURIES

A. General information
1. Anatomy and mechanism. The sternoclavicular joint is a diarthro-

dial joint between the medial clavicle and the clavicular notch of the 
sternum. Although there is little intrinsic osseous stability, the sterno-
clavicular ligaments are reinforced by the costoclavicular (rhomboid) 
ligaments, intraarticular disc ligament, interclavicular ligament, and 
joint capsule. Because of strong ligamentous support, injuries to the 
sternoclavicular joint are rare, representing only 3% of shoulder girdle 
injuries.1

The sternoclavicular joint is the only true articulation between the 
axial and appendicular skeleton, and allows for motion in all planes. The 
majority of scapulothoracic motion occurs through the sternoclavicular 
joint, which is capable of approximately 35° of upward elevation, 35° 
of combined anterior–posterior motion, and 45° of rotation around its 
long axis.

The clavicle is the first long bone to ossify (fifth week in utero), 
however, the medial epiphysis is the last long bone ossification center to 
appear (18 to 20 years) and the last epiphysis to close (23 to 25 years).2

A sternoclavicular injury is always a high-energy event, and, there-
fore, other injuries should be expected. Owing to the posterior prox-
imity of critical structures such as the great vessels, phrenic and vagus 
nerves, trachea, and esophagus, associated injuries should be diagnosed 
promptly.

The mechanism of injury can either be from a direct or indirect 
force applied to the shoulder. A direct blow to the anteromedial clavicle 
can result in a posterior dislocation behind the sternum. In an indirect 
mechanism, a medial force vector compresses the shoulder and loads the 
sternoclavicular joint. If the medial force drives the scapula posteriorly 
(retracted) along the thorax, the sternoclavicular joint dislocates ante-
riorly, and if driven anteriorly (protracted), the sternoclavicular joint 
dislocates posteriorly.

2. Classification. Sternoclavicular joint injuries can be classified by several 
ways including the degree of instability, timing, direction, and cause.1 
The sternoclavicular joint may sustain a simple sprain that is stable 
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but painful, joint instability and subluxation, or frank dislocation, 
depending on the degree of ligament disruption.3 More importantly, 
sternoclavicular dislocations are described according to the direction of 
dislocation, anterior or posterior dislocation. Anterior dislocations are 
more common.

An important point to distinguish is the possibility of a medial cla-
vicular physeal fracture that can displace anteriorly or posteriorly as well, 
thus mimicking a dislocation. This should be suspected in patients with 
sternoclavicular joint injuries under the age of 25. Most of these injuries 
heal and remodel without surgical intervention.1

As an aside, there is an atraumatic type of dislocation due to liga-
mentous laxity, but emphasis in this chapter will remain on the trau-
matic variety.

B. Diagnosis
1. History and physical examination. The history is always significant 

for a high-energy mechanism. The patient should be asked about the 
presence of shortness of breath and difficulty breathing or swallow-
ing, particularly upon recognition of a posterior dislocation. Hoarse-
ness, persistent cough, and stridor should be documented. Patients 
may have distended neck veins secondary to local venous congestion. 
Pain is well localized and associated with swelling and ecchymosis. 
There is usually a palpable and mobile prominence just anterior and 
lateral to the sternal notch in the case of an anterior dislocation, or 
perhaps a puckering of the skin with a sense of fluctuance due to 
a posterior dislocation. Chest auscultation and a thorough neuro-
vascular examination to the ipsilateral extremity are important to 
 document early.

2. Radiographs. Anteroposterior radiographs of the chest or clavicle are 
often of limited usefulness when assessing for sternoclavicular joint 
injuries. A serendipity X-ray view of the shoulder is a 40° cephalic tilt 
view centered on the manubrium.2 In this view, an anterior dislocation 
will be manifested with a superior appearing clavicular head.

Once suspected, a computed tomography (CT) examination with 
2-mm interval cuts should also be obtained to visualize the location 
and extent of dislocation, evaluate the retrosternal region for soft tissue 
injury, physeal injury. If a vascular injury is suspected, the CT scan can 
be combined with an arteriogram of the great vessels.

An MRI can be considered to further evaluate the sternoclavicular 
joint anatomy and location of critical soft-tissue structures. An MRI 
may be helpful in distinguishing between a dislocation and physeal 
injury in children and young adults.

C. Treatment
1. Nonoperative. Most sternoclavicular injuries are anterior disloca-

tions, and these should be treated nonoperatively with the expectation 
of potential cosmetic asymmetry associated with good functional re-
sults and usually with complete resolution of pain.4 Closed reduction 
can be attempted; however, the joint usually will not remain reduced, 
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and no brace has been proven to be efficacious in this regard. This 
expectant result also holds true for the growth plate injuries that are 
displaced anteriorly.

2. Operative. It is mostly agreed upon that surgical intervention of an-
terior sternoclavicular joint dislocations is unwarranted, with the risks 
outweighing the benefits of an open reduction.3 A posterior dislocation 
should undergo a manipulative reduction to unlock the retrosternal 
clavicular head. The rationale for the need for closed reduction relates 
to the concern that impingement on critical structures may yield late 
sequelae from erosion or irritation.5

A pointed bone tenaculum may be useful to grab the head of the 
clavicle and pull it back to its proper relation to the manubrium. A roll 
between the shoulder blades while the patient is supine, in combina-
tion with lateral traction of the abducted arm, is a helpful adjunctive 
maneuver. A closed reduction maneuver is not always successful. Due 
to possible violation of critical structures in the mediastinum, anesthesia 
should always be on hand to manage the airway, and a thoracic surgeon 
should be on standby during the procedure. Performing the reduction 
maneuver under general anesthesia with optimum airway control should 
be considered.

Many authors have described techniques for stabilization of the 
unstable sternoclavicular joint using various tendon reconstructions, 
medial clavicle osteotomy or resection, and/or Kirschner wire fixation 
with mixed results.6 A warning against the use of any transfixing wires 
across the sternoclavicular joint is restated throughout the literature due 
to the reported problem of wire migration. In the patient with an open 
physis, sometimes a reduction of the dislocated distal fragment can be 
reinforced with heavy braided suture through drill holes in the distal 
fragment.

3. Follow-up. A sling with an abduction pillow may be used for 1 month 
to support the extremity during the acute phase of pain during a pe-
riod of relative immobility. Motion and function should be allowed 
to advance as discomfort allows. The patient may need reassurance for 
months during a period of gradually resolving symptoms.

4. Complications. Retrosternal dislocations are frequently missed, likely 
due to the lack of physical examination findings in the context of a 
multiply injured patient.7 Missed or late diagnosis of associated injuries 
of the mediastinum and brachial plexus are well documented. With 
nonoperatively treated anterior dislocations, the patient should antici-
pate a significant prominence, which is a significant cosmetic concern 
for some patients. Failure of fixation, hardware migration, and redis-
location have also been reported after operative stabilization and are 
likely due to the high forces acting on this main articulation between 
the upper extremity and the axial skeleton.8 Lastly, arthritic symptoms 
of the sternoclavicular joint are not uncommon, and many authors 
have described resection of the clavicular head to address refractory 
pain.9
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 II. ACROMIOCLAVICULAR INJURIES

A. General information
1. Anatomy and mechanism. The acromioclavicular joint is a synovial, 

diarthrodial joint that contains a small, round meniscus composed of fi-
brocartilage much like the knee. The static linkage of the lateral clavicle 
to the upper extremity is via the coracoclavicular and acromioclavicular 
ligaments as well as the joint capsule. The acromioclavicular AC joint 
capsule is strongest at its superior and posterior margin.10 The scapula 
is suspended from the clavicle via the coracoclavicular ligaments, which 
run from the base of the coracoid to the undersurface of the clavicle 
(Fig. 15-1).

The acromioclavicular dislocation is commonly referred to as a 
shoulder separation. Owing to its vulnerable position on the lateral 
aspect of the shoulder, an acromioclavicular dislocation is a common 
injury that occurs as the joint absorbs the direct forces generated with 
a blow to the shoulder. The most common mechanism is a fall directly 
onto the shoulder with the arm adducted.

Figure 15-1. This illustration highlights the anatomy of the acromioclavicular joint. The joint 
capsule as well as the conoid and trapezoid portions of the coracoclavicular ligament are all static 
stabilizers of the acromioclavicular joint. (From Hansen ST, Swiontkowski MF. Orthopaedic 
Trauma Protocols. New York, NY: Raven Press; 1993:80, with permission.)
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2. Classification (Fig. 15-2). Tossy et al.11 and Allman12 originally developed 
classification systems for acromioclavicular joint dislocations based on the 
degree of ligament injury and radiographic displacement, and graded 
these Types I to III. Rockwood modified this classification by adding 
three more types (IV, V, and VI), based on directions of displacement.13 
The joint may sustain a simple strain with no displacement referred to as 
a Type I. The Type II injury is described as being displaced superiorly 
less than the diameter of the clavicle and is thought to be associated with 
complete tearing of the acromioclavicular ligaments but relative sparing of 
the coracoclavicular ligaments. The Type III dislocation represents com-
plete disruption of the coracoclavicular and acromioclavicular ligaments 
with superior displacement. A Type IV acromioclavicular dislocation is 
complete and displaced posteriorly; whereas a Type V is an extreme varia-
tion of Type III, where the clavicle buttonholes through the trapezius into 
the subcutaneous tissue and thus is associated with much more stripping 
of trapezius and deltoid. A Type III dislocation can be differentiated from 
a Type V based on the inability to reduce the acromioclavicular joint in 
a Type V dislocation. The Type VI dislocation is an inferior dislocation 
under the coracoid process.

B. Diagnosis
1. History and physical examination. The history usually details a fall 

to the shoulder, and it is associated with well-localized pain. The ac-
romioclavicular joint is typically swollen and point tender. If a visual 
or palpable step off exists, or the distal clavicle feels reducible, there is 
at least a Type II injury. In Types III to VI, the physical findings are 
generally dramatic.

2. Radiographs. Typically, an anteroposterior X-ray of the shoulder re-
veals the injury, although imaging of the joint can be enhanced with 
a 10° cephalic tilt centered on the shoulder, known as the Zanca view. 
Although the absolute distance from the superior coracoid to the in-
ferior clavicle (coracoclavicular distance) has a normal range of 1.1 to 
1.3 cm, it can vary radiographically.14 Visualization of both acromio-
clavicular joints on the same large X-ray cassette helps to understand 
relative displacement. An increase in coracoclavicular distance of 5 mm 
or greater than 25% usually indicates a complete tear of the coracocla-
vicular ligaments.15 Weighted stress radiographs taken with the patient 
hanging weights in each hand are no longer routinely obtained because 
it is painful and rarely provides any new information that would change 
management.

C. Treatment
1. Nonoperative. Type I and II acromioclavicular injuries should be 

treated nonoperatively with the expectation of good functional results 
and usually with complete resolution of pain.16 Ice should be provided 
in the acute setting to relieve swelling, as well as a sling to support the 
arm against gravity. As is the case for the sternoclavicular dislocation, a 
closed reduction will not remain reduced, and no brace has been proven 
to be efficacious in this regard.
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Conjoined tendon of
biceps and coracobrachialis

Figure 15-2. Schematic drawings of the classification of ligamentous injuries that can occur to the 
acromioclavicular ligament. Type I: A mild force applied to the point of the shoulder does not disrupt 
either the acromioclavicular or the coracoclavicular ligaments. Type II: A moderate-to-heavy force 
applied to the point of the shoulder will disrupt the acromioclavicular ligaments, but the coracocla-
vicular ligaments remain intact. Type III: When a severe force is applied to the point of the shoulder, 
both the acromioclavicular and coracoclavicular ligaments are disrupted. Type IV: In this major 
injury, not only are the acromioclavicular and coracoclavicular ligaments disrupted but also the distal 
end of the clavicle is displaced posteriorly into or through the trapezius muscle. Type V: A violent 
force has been applied to the point of the shoulder, not only rupturing the acromioclavicular and 
coracoclavicular ligaments but also disrupting the deltoid and trapezius muscle attachments and creat-
ing an irreducible separation between the clavicle and the acromion. Type VI: Another major injury 
is an inferior dislocation of the distal end of the clavicle to the subcoracoid position. The acromio-
clavicular and coracoclavicular ligaments are disrupted. (From Rockwood CA, Williams GR, Young 
DC. Injuries to the acromioclavicular joint. In: Rockwood CR, Green DP, Bucholz RW, et al., eds. 
Fractures in Adults. 4th ed. Philadelphia, PA: Lippincott–Raven; 1996:1354, with permission.)
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As for Type III dislocations, clinical studies comparing operative ver-
sus nonoperative treatment seem to indicate that there is no benefit from 
surgical treatment,16–19 although some experts believe that the overhead 
throwing athlete and manual laborer should undergo reconstruction.13

2. Operative. Many surgical procedures have been described to repair an 
acromioclavicular dislocation with the goal of obtaining and maintain-
ing acromioclavicular joint reduction. The strategy is either to provide 
primary fixation of the acromioclavicular joint or to augment the 
coracoclavicular ligaments to maintain a reduced joint. Some surgeons 
advocate a combination of these two strategies to maintain the reduction 
against the great forces acting to displace the clavicle. Although each 
strategy can be employed in the acute or delayed setting, if a ligament 
reconstruction is done late, it is usually combined with a distal clavicle 
resection.

The most widely known procedure is the Weaver–Dunn,20 and 
many surgeons augment some variation of this repair with fixation 
across the clavicle, into the coracoid, or around the base of the coracoid 
and clavicle like a sling. The Weaver–Dunn itself involves bringing 
up the coracoclavicular ligament through the end of a resected distal 
clavicle.

The Hook-Plate (Synthes USA, Westchester, PA) has become an 
increasingly popular option for acute acromioclavicular joint disloca-
tions.13,21 The plate is fixed to the cephalad border of the distal clavicle, 
and a terminal hook sweeps under the acromion so the clavicle is re-
duced and restrained from springing superiorly. This can be employed 
alone or in conjunction with coracoclavicular ligament augmentation. 
The plate is routinely removed at 3 months. Some damage to the AC 
joint meniscal cartilage with this implant is unavoidable. An attempt 
to repair the acromioclavicular joint as well as the coracoclavicular liga-
ments should augment the use of the Hook-Plate.

A new suture-button construct called The Tightrope (Arthrex, 
Naples, FL) is being used by some surgeons as a minimally invasive 
 option for fixation.22,23 This provides fixation between the coracoid pro-
cess and the clavicle and can be performed arthroscopically or through a 
mini-open approach. Although this technique shows promise, sufficient 
clinical data do not yet exist to strongly support the technique.

3. Follow-up. As is the case with the sternoclavicular dislocation, a sling 
may be used for a few weeks to support the extremity during the acute 
phase of pain, whether treated with or without surgery. A period of 
relative immobility is instituted, but motion is advanced as discomfort 
allows. Shorter or longer periods with relative rest are required accord-
ing to which Type (I to III) of injury is present. Often the Type I and 
II injuries cause pain for a longer period than the Type III injuries due 
to partial communication of the joint surfaces and tethering of partially 
torn ligamentous structures. The patient may need reassurance for 
months during a period of gradually resolving symptoms. Patients who 
undergo surgery with the use of a Hook-Plate should be aware that the 
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plate should be removed at approximately 3 months postop to prevent 
erosion of the acromion, which results from the motion which occurs at 
the AC joint.

4. Complications. Occasionally, symptomatic posttraumatic osteolysis 
or arthritis of the acromioclavicular joint develops. An arthroscopic or 
open resection of the distal clavicle (i.e., Mumford procedure) can be 
done with results that have generally been favorable.24 However, this 
should be reserved for those patients without evidence of coracocla-
vicular ligament insufficiency or acromioclavicular joint instability, as 
resection may further destabilize the distal clavicle.

Most of the complications related to surgery relate to failure of fixa-
tion causing chronic symptomatic instability. Hardware failure such as 
slippage of Kirschner wires or cutout of coracoclavicular screws, as well 
as graft or suture cutting through the distal clavicle, are not uncom-
mon events and underscore the technically demanding nature of the 
reconstruction.
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 I. GENERAL PRINCIPLES

A. Anatomy. The shoulder is the most mobile joint in the body, allowing 
the hand and upper extremity a broad range of motion and function.The 
larger humeral head articulates with a relatively small glenoid, and this 
bony anatomy provides little constraint for the glenohumeral joint. It is 
this articulation that allows for the shoulder’s extreme range of motion. 
Static and dynamic stabilizers provide additional constraint. The labrum 
acts to increase the depth of the glenoid concavity and provide additional 
stability. The glenohumeral ligaments (superior, middle, and inferior) act 
to stabilize the joint in variable shoulder positions. The supraspinatus, in-
fraspinatus, subscapularis, and teres minor, which make up the rotator cuff, 
act as important dynamic shoulder stabilizers and play a very important 
role in the mobility of the glenohumeral joint. The parascapular muscles 
are equally essential to normal shoulder function as these muscles function 
to position the scapula and glenoid appropriately in space. If the scapula is 
not stabilized by these muscles, the glenoid cannot act as a stable base with 
which the humeral head may articulate. It is the complexity of this joint 
that provides great mobility, although such extreme mobility may at times 
place the shoulder at increased risk for injury.

B. Differential diagnosis. The most common findings in acute shoulder in-
juries include glenohumeral dislocation, rotator cuff injury, and fractures. 
However, it remains essential to consider other possible etiologies in a  patient 
presenting with acute shoulder pain including cervical disc disease (C5 nerve 
root), brachial neuritis, pleural irritation, tumors, and cardiac disease.

 II. SHOULDER DISLOCATIONS

A. Classification. Shoulder instability is classified by the position of the hu-
meral head with respect to the glenoid (anterior, inferior, posterior, or mul-
tidirectional). Shoulder dislocations typically include cases documented 
radiographically or those involving a formal manipulative reduction. Dislo-
cations are further characterized by timing or chronicity (acute, recurrent, 
chronic), and by etiology (traumatic or atraumatic). Anterior dislocations 
are by far the most common. Patient age at the time of the first dislocation 
is a significant predictor of both accompanying injury and the patient’s risk 
of recurrent dislocation. The risk of recurrent dislocation has been shown 
to be inversely proportional to age; the classic article found that one-third 
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of patients 20 years of age or younger at the time of the initial dislocation 
went on to require surgery for recurrent dislocation.1

B. Anterior dislocations
1. Mechanism of injury. Anterior dislocations may occur in various mech-

anisms. Traumatic anterior dislocations classically result when the arm 
is forced into an abducted, externally rotated position at the extreme 
range of motion. In patients with multidirectional instability (MDI), 
ligamentous laxity, or multiple recurrent instability (especially includ-
ing bone loss), an anterior dislocation may occur with little trauma in a 
broad range of shoulder positions.

2. Examination. A thorough examination of the shoulder is essential in 
the patient sustaining an acute shoulder injury. The appearance of the 
shoulder in the setting of an anterior dislocation is squared off with 
prominence of the posterolateral acromion and a hollow appearance of 
the posterior shoulder. The patient typically holds the arm in an adducted 
position, and attempts at range of motion of the shoulder that are extremely 
painful and mechanically limited. A thorough neurovascular examination 
of the upper extremity is essential before any reduction attempts are made 
because axillary nerve injuries are commonly seen in glenohumeral disloca-
tions and must be documented before manipulation of the shoulder. One 
prospective study found that as many as 54% of patients with glenohumeral 
dislocations had an axillary nerve injury, and neurologic complications were 
more common in patients 50 years or older.2

3. Imaging. All patients with a suspected dislocation of the shoulder should 
have a complete series of shoulder X-rays. This should include an an-
teroposterior (AP), true AP in the plane of the scapula (Grashey view), a 
transscapular (“Y”) view, and an axillary view. The combination of these 
orthogonal views will not only clearly demonstrate the direction of the 
dislocation but also allow for the recognition of any associated fractures.

4. Initial treatment
a. Reduction without general anesthesia. Prompt reduction of the 

dislocation is important not only to relieve the patient’s pain but 
also to minimize the risk of associated neurologic injuries, as this 
risk increases in shoulders that remain dislocated over 12 hours.3 To 
achieve a gentle and pain-free reduction, muscle relaxation and pain 
relief are required. The patient may be provided IV pain medication 
and sedation, although an intraarticular lidocaine block is equally 
effective as well.4 For this block, 10 to 20 cc of 1% plain lidocaine is 
injected into the glenohumeral joint. Multiple methods of reduction 
can then be effective when applied correctly.
i.  Prone reduction (Stimson technique). The patient is placed 

prone on the examination table or stretcher with the involved arm 
and shoulder hanging over the edge of the table. A 10-lb weight is 
suspended from the patient’s wrist or may be held in the patient’s 
hand. If good analgesia and relaxation are present, the shoulder 
may reduce in this position without further manipulation.
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 ii. Reduction by traction. The patient is positioned supine 
and  additional intravenous (IV) sedation is administered. An 
 assistant provides countertraction while the physician grasps the 
forearm of the involved shoulder and gently pulls in a line of 30° 
of  abduction and 20° to 30° of forward flexion. Countertraction 
may be effectively applied by placing a folded sheet around the 
thorax and applying linear traction in the opposite direction of 
the reduction force. Sustained traction for 5 minutes may be 
necessary. Vigorous and forceful attempts at reduction should 
be avoided. Firm, constant pressure is often effective in reducing 
the joint as long as the patient is adequately sedated.

b.  Reduction under anesthesia. If the aforementioned methods fail or 
if a proximal humerus fracture (other than a tuberosity fracture) is 
present, a reduction under general anesthetic with complete muscle 
relaxation is indicated. The shoulder typically reduces easily with 
little risk of further damage to the glenohumeral joint or its sur-
rounding structures.

5. Postreduction treatment. The length of immobilization has not been 
shown to have any effect on the incidence of redislocation.5 The shoul-
der should only be immobilized for 1 to 2 weeks as needed for pain 
control after a dislocation or subluxation episode. A range-of-motion 
and rotator cuff strengthening program is initiated early, avoiding the 
extremes of external rotation and abduction. Patients are allowed to 
return to sports and other activities when the shoulder has normal range 
of motion and strength.

6. Recurrent dislocations or subluxations. The same standards for exam 
and imaging should be applied in cases of recurrent instability. It re-
mains important to rule out any accompanying injury, particularly to 
the bony constraints of the glenoid and humerus. Occasionally, if the 
event is witnessed and the evaluation suggests a recurrent dislocation 
without fracture, then an attempt for reduction can be made before ra-
diographic imaging. For patients with recurrent instability, these events 
can have significant effects on the quality of life. For these patients, 
surgical intervention is often appropriate.

7. Accompanying injuries
a. Bankart lesions. In 1923, Bankart described a lesion (now referred 

to as the Bankart lesion) seen in concert with shoulder dislocations 
in which the anterior capsule and labrum are avulsed from the gle-
noid.6 In some cases, the capsule and labrum remain attached to a 
bony fragment which fractures off the glenoid (bony Bankart). One 
classic study found a Bankart lesion in 97% of patients younger than 
24 years who were treated surgically for their first-time dislocation.7 
This same study identified a 90% recurrence rate for instability in 
this same patient population treated nonoperatively. These findings 
led the authors to suggest a strong association between the Bankart 
lesion and recurrent instability.
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b. Hill-Sachs lesion. When the humeral head dislocates anterior to the 
glenoid fossa, a compression fracture may occur on the posterolateral 
humeral head (Hill-Sachs lesion) from impaction of the head on the 
anterior edge of the glenoid. When this fracture leads to significant 
bone loss of this portion of the humeral head, the shoulder is at in-
creased risk of recurrent dislocation as the region of bone impaction 
engages the glenoid.

c. Rotator cuff tears. Rotator cuff tears are occasionally found in as-
sociation with glenohumeral dislocation, typically in patients older 
than 40 years,8 with the incidence of rotator cuff tear after acute 
dislocation in patients over 40 reported to be in the range of 35% to 
86%. For patients over age 40 in whom range of motion and strength 
do not improve within 2 to 4 weeks after the injury, magnetic reso-
nance imaging (MRI) or ultrasound is indicated to assess for rotator 
cuff tear.

d. Neurologic injury. Neurologic injuries are frequently seen in as-
sociation with shoulder dislocations. The axillary nerve and muscu-
locutaneous nerve are most commonly injured, although complete 
brachial plexopathies have been described. Most injuries represent 
a neuropraxia, and a return to pre-injury motion and strength is 
typical in these cases. However, multiple  studies have documented 
permanent nerve injuries in association with shoulder dislocation.2,9

8. Surgical management. There are many different approaches to surgi-
cal management of anterior shoulder instability. As mentioned previ-
ously, recent literature would suggest that surgical management may 
be indicated for repair of Bankart lesions in younger patients (less 
than 24) after a first-time traumatic dislocation.7 More debate exists 
regarding operative versus nonoperative management in older individu-
als. Certainly for patients with recurring instability episodes, surgical 
management is a very reasonable treatment. Shoulder stabilization may 
be performed either open or arthroscopically. Recent techniques have 
demonstrated equivalent results for open and arthroscopic manage-
ment with no difference in outcomes at 2 years, a finding that has been 
supported by numerous randomized trials.10–12 A recent meta-analysis 
comparing open versus arthroscopic Bankart repair found the rate of 
recurrent instability was 6% for arthroscopic management and 6.7% 
with open repairs.13

C. Posterior dislocations
1. Mechanism of injury. Posterior instability results from a fall on an ad-

ducted and forward flexed arm, although it may also occur in sporting 
events in which a posteriorly directed force is applied to the outstretched 
elevated arm. A compression fracture of the anterolateral aspect of the 
humeral head may also occur (reverse Hill-Sachs lesion). As with ante-
rior shoulder instability, in younger individuals, an avulsion of the pos-
terior labrum with a small fragment of the posterior glenoid rim (reverse 
Bankart lesion) may occur. Seizures or electrocution are more frequently 
reported as a mechanism for posterior instability.
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2. Examination. Many posterior dislocations are misdiagnosed or missed 
acutely, especially when a humeral neck fracture allows the arm to 
“derotate” through the fracture site. It is particularly important to rec-
ognize the examination and radiographic hallmarks of a posterior dis-
location. Patients with a posterior shoulder dislocation classically hold 
the arm in extreme internal rotation with severe pain with attempted 
external rotation. The coracoid is also very prominent anteriorly in 
these patients.

3. Roentgenograms. The AP view is often incorrectly interpreted as 
normal but one should recognize the classic marked internally rotated 
position of the proximal humerus. The true AP will often also reveal the 
classic finding of overlap of the humeral head on the glenoid (Fig. 16-1). 
A transscapular “Y” view and an axillary view will clearly demonstrate 
the posterior position of the humeral head (Fig. 16-2).

4. Treatment. Adequate muscle relaxation via IV sedation is essential. Re-
duction is most easily achieved by translating the humerus posteriorly 
followed by lateral translation of the proximal humerus with gentle, 
controlled manipulation of the humerus anteriorly to the reduced posi-
tion. Postreduction treatment is similar to that for anterior dislocation 
(see B.5.) except that internal rotation and adduction extremes are 

Figure 16-1. True AP of the shoulder revealing the classic finding of overlap of the humeral head 
on the glenoid (or “double density”) found with posterior dislocations of the glenohumeral joint.
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avoided. If the shoulder dislocates immediately after being reduced, the 
arm should be placed in external rotation and abduction to maintain 
stability. Some posterior dislocations (particularly those that result from 
seizures) may have large reverse Hill-Sachs lesions that cause further 
instability episodes.

5. Recurrent dislocations. Recurrent posterior instability is most com-
monly seen in collision athletes, and rarely includes recurrent locked 
dislocations. In this setting, arthroscopic posterior labral repair is the 
treatment of choice. When recurrent locked dislocations occur, they 
are often secondary to large reverse Hill-Sachs lesions and/or posterior 
bony Bankart lesions. Nonoperative management is rarely effective in 
stabilizing these shoulders and surgical management to reconstruct 
the bone loss or repair a large labral repair may be necessary. In some 
cases, particularly with large bone defects, or in the revision setting, 
glenoid osteoplasty or bone block capsulorrhaphy may be necessary. 
For patients with atraumatic recurrent posterior instability, treatment 
should involve physical therapy and activity or lifestyle restrictions with 
consideration given to surgical management if nonoperative treatment 
is ineffective.

Figure 16-2. An axillary view clearly demonstrating the posterior position of the humeral 
head.
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D. Multidirectional instability
1. Mechanism of injury. MDI is diagnosed when there is clinical evidence 

that the shoulder is unstable and symptomatic in two or more direc-
tions. The initial instability event is atraumatic and the patient may 
actually be able to voluntarily dislocate the shoulder.

2. Examination. The typical patient is often young, with MDI seen regu-
larly in adolescent athletes. Seventy-five percent of patients with MDI 
are ligamentously lax14 and a sulcus sign is often seen. These patients 
will, on examination, have evidence of instability in both the anterior 
and posterior directions.

3. Imaging. Often, radiographs are normal given the atraumatic nature of 
these instability events. The presence of a Hill-Sachs, reverse Hill-Sachs, 
or Bankart lesions is rare.

4. Treatment. Nonoperative treatment is strongly advised and has been 
found to be effective for 88% of patients with MDI.15 Thermal capsul-
lorrhaphy intended to shrink the redundant capsule has not been found 
to be effective and has been associated with complications such as cap-
sular necrosis and chondrolysis.

E. Inferior dislocations. Inferior dislocations (also called luxatio erectae) are 
rare. The patient’s arm is locked in an overhead position (Fig. 16-3A, B). 
 Reduction is obtained by IV sedation and relaxation. The arm is then re-
duced with lateral distraction while it is brought out of an abducted position.

 III. ACUTE ROTATOR CUFF TEARS

A. Mechanism of injury. Acute tears of the rotator cuff are rare, but typically 
occur in young patients with significant trauma or patients over age 40 in 
the setting of a shoulder dislocation (see 7.c). Age-related degenerative rota-
tor cuff tears are much more common (see Chapter 17).

B. Examination (see Chapter 17).
C. Imaging. It is important to evaluate the patient for a greater tuberosity frac-

ture as avulsion of a fragment of the tuberosity may be pulled off with the 
rotator cuff. This is best addressed with a complete series of shoulder X-rays 
(see B.3). Young individuals who are suspected of having a rotator cuff tear 
on history or examination should undergo an MRI scan or an ultrasound 
evaluation to assess the status of their rotator cuff.

D. Treatment. In young or active patients with a true acute rotator cuff tear, 
early operative repair is indicated. Early repair is also indicated in those 
cases associated with a displaced avulsion fracture of the greater tuberosity.16

 IV. RUPTURES OF THE LONG HEAD OF THE BICEPS BRACHII

A. Mechanism of injury. Injuries of the long head of the biceps (LHB) tendon 
may occur with forceful elbow flexion or forearm supination. Many cases 
are associated with ongoing rotator cuff problems and age-related tendon 
degeneration. Steroid use for body conditioning is another etiology.
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Figure 16-3. A, B: Inferior dislocation (luxatio erectae). The patient’s arm is locked in an 
overhead position.



Chapter 16 • Acute Shoulder Injuries  3 0 1

B. Examination. A visible asymmetry of the injured versus noninjured upper 
arm is evident when the patient flexes the biceps muscle. This deformity is 
referred to as a “Popeye” sign. In the acute setting, swelling may obscure this 
deformity. Over time, ecchymosis often arises, although it may take time to 
become visible on the skin. It is often dependent and can go all the way to 
the wrist.

C. Treatment. Ruptures of the LHB tendon are treated nonoperatively. The 
indications for repair are cosmetic as rupture or tenotomy of the LHB ten-
don results in little functional loss except in patients who have avocational 
or vocational need for maximal supination strength or endurance.
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 I. ROTATOR CUFF DISORDERS

A. Anatomy. The rotator cuff is made up of the subscapularis, supraspina-
tus, infraspinatus, and teres minor muscles. The spectrum of rotator cuff 
disorders is broad, ranging from rotator cuff tendinopathy to massive full-
thickness tears. What many refer to as “impingement” is also commonly 
included within this spectrum, although the relationship between impinge-
ment and the subacromial space and rotator cuff disease is hotly debated 
within the orthopaedic surgery field. Some propose that narrowing of the 
subacromial space leads to rotator cuff injury,1 while others believe there is 
no causal relationship between the two.2 The subacromial space involves the 
area from the undersurface of the acromion and the acromioclavicular (AC) 
joint superiorly to the coracoacromial ligament and coracoid anteriorly, to 
the humeral head inferiorly. The subacromial bursa exists within the sub-
acromial space above the rotator cuff, but underneath the acromion.

B. Mechanism of injury. Proponents of impingement pathology put forth 
that narrowing of the subacromial space may lead to compression of the 
rotator cuff against the overlying acromion and to eventual tearing of the 
rotator cuff. Thickening of the bursa, undersurface spurring of the AC 
joint, instability of the glenohumeral joint, or changes in the shape of 
the acromion are suggested as the most common reasons for rotator cuff 
compromise. The subacromial space narrowing from these causes and the 
patient’s symptoms that may result from this narrowing are referred to as 
impingement syndrome. The earliest form of rotator cuff disease involves 
bursitis and tendinosis and in some patients may progress to full-thickness 
cuff pathology. Others discard the concept of impingement and argue in-
stead that intrinsic components such as age-related degeneration or dimin-
ished blood supply to the tendon are the primary etiology for rotator cuff 
disease. It is likely a combination of many of these factors that leads to the 
development of rotator cuff disease.

C. History. The typical patient with cuff disease is over age 40 and reports 
anterolateral shoulder or arm pain that is worse with overhead activities and 
while lying flat at night.

D. Examination. As with every shoulder examination, one begins with visual 
inspection. One significant finding for rotator cuff disease includes visible 
atrophy of the supraspinatus or infraspinatus fossa. Either a chronic massive 
rotator cuff tear or suprascapular nerve entrapment can cause atrophy of the 
muscle bellies that may be visible on inspection. Active and passive shoulder 
motion must be assessed, in addition to rotator cuff strength. Supraspinatus 
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weakness may be present with rotator cuff tears, and significant external 
rotation weakness often indicates that a large rotator cuff tear is present. 
Evocative maneuvers such as Neer and Hawkins tests are often referred to 
as impingement tests and may give some indication of rotator cuff disease.

E. Imaging. A complete series of shoulder radiographs should be obtained. 
Cystic changes within the greater or lesser tuberosity may be suggestive 
of chronic rotator cuff disease. If rotator cuff disease is suspected with 
symptoms persisting despite nonoperative treatment or if a sizeable full 
thickness rotator cuff tear is suspected, an MRI is an appropriate next step 
in patient evaluation. For patients in whom an MRI is contraindicated, a 
CT arthrogram or ultrasound is the best manner to image the rotator cuff. 
In the hands of an experienced ultrasonagrapher, ultrasonagraphy can also 
provide visualization of rotator cuff pathology, and even assess the level of 
atrophy of the rotator cuff musculature.

F. Diagnosis. As previously mentioned, rotator cuff disease represents a wide 
spectrum of pathology from bursitis and tendinopathy to full-thickness 
rotator cuff tears. Diagnosis of a particular patient’s rotator cuff injury is 
made based on history, symptoms, response to nonoperative treatment, 
and finally additional imaging in the form of MRI, CT arthrogram, or 
ultrasound.

G. Treatment
1. Bursitis/tendinopathy/impingement.

a. Nonoperative treatment.
 i. Physical therapy. The mainstay of treatment for patients with-

out rotator cuff tears is physical therapy (PT). PT is typically the 
first line of treatment for patients with bursitis or rotator cuff 
tendinopathy, adhesive capsulitis, scapulothoracic dysfunction, 
and most nonacute shoulder pathology. The focus of treatment 
for these nonacute disorders includes regaining the patient’s 
normal range of motion first through a stretching program. This 
sometimes includes using modalities in order to diminish pain. 
Once range of motion is normalized, patients can be taught 
home exercises to improve strength and shoulder biomechanics. 
A focus on scapular stabilization is an essential component of 
rehabilitation for patients with chronic shoulder problems as this 
encourages healthy mechanics through the shoulder’s range of 
motion. A trial of several months of dedicated PT is very reason-
able before considering surgery in the setting of many nonacute 
shoulder disorders.

 ii. Injections. Injections may be effective in the treatment of 
 nonacute shoulder disorders. For example, a subacromial in-
jection with a corticosteroid and an analgesic is frequently 
beneficial in this population. Of note, a prospective random-
ized clinical trial has not shown that inclusion of steroid in the 
injection solution improves outcome.3 Resolution of a patient’s 
pain or improvement in rotator cuff strength after the injection 
provides important information about the potential etiology of 
the patient’s symptoms. In addition, injections are often most 
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important for patients with nonacute shoulder pathology who 
are otherwise unable to perform PT on account of pain. For 
many patients, this is also an effective long-term treatment op-
tion in the resolution of the patient’s symptoms.

b. Operative treatment is a reasonable option for patients who fail a 
minimum 6-month course of nonoperative treatment. Surgical man-
agement may include a bursectomy, recession of the coracoacromial 
ligament, and/or an anterior acromioplasty. These procedures may 
be completed through either open or arthroscopic techniques. Rota-
tor cuff repair is extremely effective at providing improvements in 
pain and function and has been shown to be cost-effective as well.4 
Arthroscopic techniques have the benefit of allowing a thorough 
examination of the glenohumeral joint for any concomitant pathol-
ogy and improved cosmesis, and may provide quicker pain relief and 
return to activity postoperatively.

2. Rotator cuff tears
a. Nonoperative management. Although rotator cuff tears do not 

heal without surgery, some patients may not require surgical repair.  
Nonsurgical management is typically indicated for older, more 
 sedentary patients or those whose activities do not demand normal 
shoulder strength. These patients may have improvement in their pain 
and function with PT alone. It is also important to note that some 
rotator cuff tears are not reparable based on the size of the tear, retrac-
tion of the tendon, or advanced atrophy of their rotator cuff muscles.5

b. Operative management. For most patients, rotator cuff repair of-
fers the best chance at long-term improvement in shoulder pain and 
function.6 This can be achieved both open and arthroscopically.7 A 
recent study suggests that arthroscopic repair allows for a delayed 
rehabilitation program and potentially increased rates of tendon 
healing.8

3. Calcific tendinitis. This disorder involves consolidation of calcium 
within the substance of a rotator cuff tendon. This condition may be 
extremely painful, particularly when or if the calcium leaks out of the 
tendon as it causes an acute inflammatory bursitis. This disorder is 
treated symptomatically and a subacromial injection with corticosteroid 
and lidocaine may diminish acute symptoms and allow the patient to 
participate in PT. “Needling” the deposit (which in some cases is pal-
pable) with an 18G needle and providing a subacromial injection may 
help to diminish the size of the deposit.9 This technique may also be 
done under ultrasound guidance. If needling or subacromial injections 
are ineffective in controlling the patient’s symptoms, the calcific deposit 
can be excised arthroscopically.

4. Long head of biceps (LHB) tendinitis often accompanies rotator 
cuff disease and frequently responds to bicipital groove injections or 
PT. If nonoperative treatment does not provide lasting relief, surgical 
treatment in the form of a tenotomy or tenodesis of the LHB may be 
indicated.
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5. SLAP tears. Superior labrum anterior to posterior (SLAP) tears are 
common, particularly in older populations. Initial treatment should 
include an appropriate trial of nonoperative management.10 When 
 nonoperative management is ineffective in controlling symptoms, 
 surgical intervention may be considered. For the young patient, a SLAP 
repair may represent a reasonable option. However, there is concern 
surrounding the outcomes of SLAP repairs, particularly in overhead ath-
letes.10–12 For many patients, this lesion may also be successfully treated 
with a biceps tenotomy or tenodesis, particularly if the SLAP tear is 
addressed concomitantly with a rotator cuff repair.13

 II. GLENOHUMERAL DISORDERS. There are many causes for a loss of gleno-
humeral range of motion. The most common are glenohumeral arthritis or 
shoulder stiffness. Both of these disorders are characterized by a loss of not 
only active range of motion, but also passive range of motion. This differs from 
other disorders such as rotator cuff disease in which passive range of motion is 
typically more normal, even when active range of motion is limited by pain or 
weakness.

A. Glenohumeral arthritis
1. Etiology. Loss of the normal articular surface (arthritis) may be due to 

degeneration (osteoarthritis) and rheumatoid disease, or secondary to 
previous trauma. Osteoarthritis is by far the most common etiology.

2. History. Patients with glenohumeral arthritis very often report signifi-
cant pain at night, either owing to increased pain while lying flat or in 
difficulty lying on the shoulder. Most patients also present with signifi-
cant stiffness, and losses of internal/external rotation can be particularly 
dramatic.

3. Examination. These patients most often exhibit a loss of active and 
passive range of motion although strength is frequently normal. The 
change in the articular surface geometry, coupled with capsular con-
tracture, causes a mechanical block to motion in these patients. Some 
patients exhibit crepitus, particularly in the midrange of motion. It is 
extremely important to make note of any neurovascular deficits as these 
are unlikely due to the shoulder arthritis and should be further evaluated 
for an additional etiology. The age group and demographic group that 
have shoulder arthritis and many other shoulder problems can also have 
cervical spine disease, which can cause similar symptoms.

4. Imaging. Radiographic examination must include a complete shoulder 
X-ray series (AP, Grashey, Y view, and axillary view). Narrowing of the gle-
nohumeral joint space is best seen on the Grashey and axillary views and 
gives an indication of the severity of arthritis. Preferential posterior glenoid 
wear, or “biconcavity” and a “ring osteophyte,” typically forms around the 
humeral head in the setting of osteoarthritis, whereas periarticular erosions 
and central glenoid wear are more common in rheumatoid arthritis. An 
MRI scan is indicated to assess rotator cuff integrity and glenoid version 
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preoperatively. In cases of severe glenoid bone loss, a CT scan with or 
without 3D reconstructions may be helpful for surgical planning.

5. Treatment
a. Nonoperative treatment. Nonoperative treatment is indicated for 

early or moderate osteoarthritis. Nonsteroidal anti-inflammatory 
medications are effective in many cases, especially when coupled with 
activity modification. Viscosupplementation has not been approved 
by the FDA for use in the shoulder, although it may represent an 
option for those patients with moderate arthritis or those patients 
wishing to defer surgical treatment.14 Infrequent corticosteroid injec-
tions are a reasonable treatment for patients with moderate to severe 
arthritis for whom surgical treatment is not an option, although 
repeat cortocosteroid injections should not generally be used as a 
long-term treatment unless surgical remediation is impossible. PT 
directed at gentle range of motion may be beneficial in the early 
stages of arthritis, although these exercises generally exacerbate pain 
in patients with advanced disease.

b. Operative treatment. In early stages of arthritis an arthroscopic 
capsular release may provide some relief of symptoms. For the very 
young patient (<50) with arthritis, a humeral resurfacing with or 
without allograft resurfacing of the glenoid is a reasonable option. 
A hemiarthroplasty is typically indicated primarily for patients 
who wish to continue heavy manual labor (repetitive lifting >50 lb, 
impact activities). For almost all other patients, a total shoulder ar-
throplasty is the best surgical option for glenohumeral arthritis. Total 
shoulder replacement results in greater range of motion and pain 
relief compared with hemiarthroplasty.15,16

B. Shoulder stiffness (adhesive capsulitis/frozen shoulder)
1. Etiology. Shoulder stiffness can be either primary or secondary. Primary 

etiologies include idiopathic shoulder stiffness from capsular fibrosis. 
This disorder is more common in patients with endocrine disorders 
such as thyroid abnormalities or diabetes mellitus, although the exact 
pathologic mechanism is not well understood. Secondary stiffness can 
result after a period of disuse following shoulder injury or after surgery.

2. History. These patients typically report aching pain in the shoulder that 
may be constant, but is also frequently exacerbated by activities, espe-
cially those at the extremes of motion. Some patients report a very acute 
onset of pain that may then be followed by the loss of shoulder motion.

3. Examination. Both active and passive range of motion are diminished, 
and internal/external rotation as well as forward elevation may be dimin-
ished. Rotator cuff strength is frequently normal but it can be very dif-
ficult to determine true rotator cuff function secondary to the patient’s 
limited and frequently painful range of motion.

4. Imaging. Imaging should be normal in this setting but a complete 
4-view shoulder series is necessary to rule out other disorders that may 
cause pain and stiffness (such as arthritis or calcific tendinitis).
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5. Treatment
a. Nonoperative. PT accompanied by a dedicated home-based stretch-

ing program is effective for 90% of patients.17 It is essential to edu-
cate the patients that symptoms can take a very long time to resolve, 
even up to 18 months. A glenohumeral corticosteroid injection can 
be very effective for patients in whom pain prevents their full partici-
pation in PT, but these injections have not been shown to speed the 
resolution of this disorder.

b. Operative treatment. Surgery involves capsular releases to im-
prove range of motion. Again, this can be done either closed or 
arthroscopically. A subacromial bursectomy typically accompanies a 
capsular release in this setting. Operative intervention is typically not 
employed until the patient fails 12 months of a dedicated stretching 
program.

 III. ACROMIOCLAVICULAR JOINT DISORDERS

A. Arthritis
1. Etiology. AC joint osteoarthritis is a very common finding, particularly 

in individuals older than 50 years. Most are asymptomatic. Although 
osteoarthritis is most common, posttraumatic AC arthritis is seen after 
distal clavicle fractures and AC separations. AC joint pain is also seen 
in young patients who participate in regular weight lifting, although the 
radiographic changes in these patients are more subtle.

2. History. Patients typically point directly to the superior aspect of the 
AC joint when localizing their pain. Activities reproducing cross-
body adduction or internal rotation behind the back may also aggra-
vate the patient’s symptoms. Some patients report pain with weight 
on the superior part of the AC joint (straps from purses or bags, or 
brassieres).

3. Examination. The patients have tenderness on palpation at the site of 
the AC joint. Cross-body adduction, internal rotation up the back, and 
extreme forward elevation are often painful. The active-compression test 
is also often positive.18

4. Imaging. The typical complete 4-view shoulder X-ray series is recom-
mended. The AC joint is typically seen best in profile on the AP view. 
Osteophyte formation and joint space narrowing may be seen in osteo-
arthritis, whereas lytic changes in the distal clavicle are often seen in 
younger patients (distal clavicle osteolysis). These lytic changes are often 
best seen radiographically with a Zanca view.

5. Treatment. Management of AC arthritis is based primarily on symptom 
management and typically involves oral analgesics and, if necessary, a 
corticosteroid injection into the AC joint. If nonoperative treatment 
does not provide long-term relief of symptoms, a distal clavicle resection 
is indicated and may be done either arthroscopically or open.19



3 0 8   M A N U A L  O F  O R T H O PA E D I C S

 IV. SCAPULOTHORACIC DISORDERS

A. Scapulothoracic bursitis (snapping scapula)
1. Etiology. The scapula glides along the posterior chest wall, thereby 

acting to increase the range through which the arm or hand can be 
positioned. The bursa between the scapula and the thorax assists in 
allowing this gliding motion. Rarely inflammation of this bursa or 
variable scapular anatomy causes scapulothoracic motion to become 
painful.

2. History. These patients may localize their pain to the posterior medial 
border of the scapula and describe crepitus with scapulothoracic motion.

3. Examination. Typically, the patient will demonstrate crepitus about the 
medial border of the scapula that may be palpable or even audible to the 
examiner.

4. Imaging studies are rarely diagnostic, but should include a shoulder 
series and complete imaging of the scapula to rule out any other pathol-
ogy, including bone or soft tissue tumors such as osteochondroma and 
elastofibroma dorsi.

5. Treatment. Management of this disorder involves dedicated PT to 
include parascapular strengthening and improved glenohumeral and 
scapulothoracic mechanics. For patients who are very symptomatic, a 
corticosteroid injection into the scapulothoracic bursa can be effective. 
Very rarely, if nonoperative methods do not provide long-term relief, an 
arthroscopic or open bursectomy and excision of the superior medial 
border of the scapula may be considered.20

B. Winging of the scapula
1. Etiology. Scapular winging may result from dysfunction of the 

muscles that control the position of the scapula against the chest 
wall, involving the serratus anterior (innervated by the long thoracic 
nerve) or the trapezius (innervated by the spinal accessory nerve). 
Most often, this form of scapular winging involves some form of 
injury to the nerves innervating these muscles. Fascioscapulohumeral 
muscular dystrophy is a rare cause of scapular winging. It is a form of 
muscular dystrophy that results in weakness of the facial and upper 
trunk muscles. Patients characteristically cannot whistle, and it can 
and may lead to unilateral or bilateral winging. Because of the auto-
somal dominant inheritance, it is frequently seen in families, albeit 
with variable penetrance. Scapular dyskinesia is a common finding in 
patients with glenohumeral dysfunction, but does not represent true 
scapular winging.

2. History. Patients typically report shoulder dysfunction in the form of 
weakness and a loss of active shoulder motion. Many patients also report 
the acute onset of shoulder pain at the same time. Some patients have a 
history of surgery or trauma in the region of the nerve affected, but most 
patients do not have a cause for their dysfunction. In these patients, the 
etiology may be a form of neuritis.
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3. Examination. Involvement of the long thoracic nerve or serratus ante-
rior produces medial scapular winging, whereby the scapula is translated 
medially and superiorly (Fig. 17-1). This can be best visualized by hav-
ing the patient raise the affected arm to the horizontal and push against 
the wall or the examiner’s hand. Involvement of the spinal accessory 
nerve, trapezius, and rhomboids produces lateral scapular winging, in 
which the scapula elevates off the thorax and translates laterally. This is 
most commonly iatrogenic and can result from a biopsy or other surgi-
cal procedure that injures cranial nerve XI. In this form of injury, the 
shoulder may be found to have a more drooping posture and the patient 
may have a significant loss of shoulder abduction.

4. Treatment involves dedicated PT focused on parascapular strengthening 
and maintaining glenohumeral motion. Scapular winging due to neuro-
muscular dysfunction frequently takes 12 months or more to recover. If 
no recovery is seen after 12 to 24 months, surgical management may be 
considered. Operative treatment is complex, however, involving either 
tendon transfers or a scapulothoracic fusion.21

Figure 17-1. Position of the scapula with primary scapular winging due to serratus anterior 
palsy. The scapula pulls away from the back and does not protract on arm elevation. (From 
Kuhn JE, Hawkins RJ. Evaluation and treatment of scapular disorders. In: Warner JJP, Ian-
notti JP, Gerber C, eds. Complex and Revision Problems in Shoulder Surgery. Philadelphia, PA: 
Lippincott-Raven; 1997:357–375.)
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 I. FRACTURES OF THE PROXIMAL HUMERUS

A. Mechanism. Proximal humerus fractures are seen in all age groups, but 
are more common in the elderly. In young adults, they are a result of high-
energy trauma. In older patients, they often result from low-energy falls.1

B. Physical examination. Bruising and swelling about the shoulder and 
pain and crepitus with passive motion of the glenohumeral joint suggest a 
proximal humerus fracture. A careful neurologic examination is essential, as 
proximal humerus fractures and fracture–dislocations can be accompanied 
by axillary nerve and brachial plexus injuries.

C. Radiographs. Evaluation should include anteroposterior, true anteroposte-
rior, and axillary lateral shoulder radiographs, as well as anteroposterior and 
lateral films of the humerus. Pain may limit motion, making obtaining an 
axillary lateral difficult. Assisting the patient by slowly and gently elevating 
the arm while they lie in a supine position can achieve sufficient elevation 
for axillary radiographs. Alternatively, a Velpeau view, obtained with the 
patient’s arm resting at their side and their forearm across their chest can 
also demonstrate fracture alignment.

D. Treatment. Neer divides proximal humeral fractures into six groups, as 
shown in Fig. 18-1, on the basis of the number of fracture fragments and 
the degree of displacement.In order to be considered a displaced fragment, 
the fragment must be displaced more than 1 cm or angulated more than 
45° (thus a nondisplaced fracture is a Neer one-part fracture, no matter 
the number of fracture lines). Although studies have shown a lack of inter-
rater reliability in interpreting radiographs to accurately classify proximal 
humerus fractures,4 the Neer classification remains the most often utilized.
1. Fractures with minimal displacement and displaced anatomic neck 

fractures (Neer one-part fractures). Approximately 85% of all fractures 
of the proximal humerus fall into this category. These fractures are typi-
cally managed nonoperatively with a sling and early motion. Stability is 
usually afforded by some impaction at the fracture site and the preserva-
tion of soft-tissue attachments. Elbow, wrist, and hand range of motion 
exercises should begin immediately. Shoulder circumduction exercises 
(aka pendulum exercises) are initiated as soon as they can be tolerated, 
generally within 5 to 7 days. The patient is instructed to bend to 90° at the 
waist, allowing the arm to either hang or swing in a gentle circle and avoid 
active contraction of the shoulder muscles.2 Assisted forward elevation and 
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assisted external rotation exercises in the supine position can generally be 
started approximately 10 to 14 days after injury. Some form of protection 
may be needed for 6 to 8 weeks; then more vigorous physical therapy may 
be prescribed, including wall climbing, overhead rope-and-pulley, passive 
range of motion, and rotator cuff strengthening exercises.3

2. Displaced surgical neck fractures. The fracture generally occurs with 
the arm in abduction. The rotator cuff is usually intact. Undisplaced 
linear fractures that extend into the humeral head can occur. The 
fracture site is often angulated more than 45° or malrotated. Neurovas-
cular injury can occur in this type of fracture because the shaft may be 
displaced into the axilla. This is more common in elderly patients with 
atherosclerotic (less compliant) arteries.

2 Part

Anatomic neck

Surgical neck

Greater tuberosity

Lesser tuberosity

Fracture dislocation

Anterior
Posterior

3 Part 4 Part

Displaced fractures

A

B

C

Figure 18-1. Neer’s anatomic concept for standardizing the terminol-
ogy of fractures of the proximal humerus. (From Neer CS II. Displaced 
proximal humeral fractures. Part I. Classification and evaluation. J Bone 
Joint Surg Am. 1970;52:1077–1089, with permission.)
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a. Treatment is by closed reduction under general or supraclavicular 
regional anesthesia. Align the distal fragment to the proximal one, 
usually by abducting and flexing the distal fragment. Reduction of 
the fracture depends on an intact posteromedial periosteal sleeve in 
younger patients. The fracture may be stable enough to permit im-
mobilization of the arm at the side in a sling-and-swathe, but may 
require a spica cast or abduction pillow splint to hold the arm in 
the reduced position. As soon as the immobilization is concluded, 
generally in 2 to 3 weeks, a program to regain shoulder motion is 
started as for fractures with minimal displacement and anatomic 
neck fractures.

Unstable reductions may necessitate percutaneous pin or screw 
fixation. In unreliable patients, the fixation may need to be protected 
with a shoulder spica cast for 3 weeks. With reliable patients, gentle 
circumduction exercises can be started immediately after pinning, 
and the exercise program can be advanced as described at 4 to 
6 weeks after surgery for pin removal.

b. If closed reduction is impossible, consideration is given to open re-
duction and plate fixation or tension band wiring. A low-profile plate 
such as the AO/ASIF (Association for the Study of Internal Fixation) 
cloverleaf small fragment plate or proximal humeral locking plate is 
preferred. The locking plates are particularly useful in patients with 
osteopenia.

3. Displaced greater or lesser tuberosity fracture, or both. Rarely, a 
three-part fracture is encountered involving the lesser or greater tuberos-
ity as well as the surgical neck. If the fracture is displaced, the rotator 
cuff function is compromised and open reduction of the fracture is 
indicated. The fracture should be anatomically reduced and held firmly 
with tension band wiring or screw fixation. It is also possible to fix these 
fractures percutaneously, but this will not address a rotator cuff tear. The 
rotator cuff tear can be addressed later if pain and weakness remain after 
the rehabilitation program is implemented.

4. A fracture–dislocation of the shoulder, whether anterior or posterior, 
may be reduced by a closed method under general anesthesia. If closed 
reduction fails, open reduction with internal fixation or prosthetic re-
placement (in older patients) is indicated.

5. Neer (see Selected Historical Readings) states that open reduction is 
indicated for any displaced three-part fracture and that prosthetic re-
placement is preferable treatment for any displaced four-part fracture. 
This is due to the high rate of posttraumatic humeral head osteonecrosis 
in four-part fractures. We believe that, at best, these are difficult frac-
tures to treat and that operative treatment should be undertaken only by 
surgeons with special expertise in managing shoulder trauma.

E. Complications.
1. The most common complication is loss of some glenohumeral mo-

tion, especially internal rotation and abduction. This often occurs as 
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a result of malposition of the greater tuberosity. The best way to reha-
bilitate the glenohumeral joint is to start motion early and to achieve 
primary fracture union. Careful attention to starting an early physical 
therapy program can markedly improve the end result. Home programs 
where exercises are performed by a motivated patient two to three times 
per day with weekly physical therapy monitoring seem to produce the 
best results. Open treatment may be indicated to achieve adequate sta-
bility of displaced fractures to allow early motion.

2. Delayed union or nonunion is not uncommon with displaced frac-
tures, especially surgical neck fractures. When it occurs, some loss of 
joint motion generally results, regardless of subsequent treatment. If 
the patient experiences pain and loss of motion in association with the 
nonunion, the treatment is either replacement arthroplasty or internal 
fixation with bone grafting.

3. Associated nerve and vascular damage is not rare with displaced frac-
tures and should be identified early so that prompt, effective treatment 
can be instituted. Involvement of the axillary, median, radial, and ulnar 
nerves is reported with nearly equal frequency.

4. Osteonecrosis. Avascular necrosis of the humeral head is more likely to 
occur after three- or four-part fractures or fracture–dislocations, but can 
follow even innocuous appearing fractures. If symptomatic, osteonecro-
sis is often managed with shoulder arthroplasty in older patients.

 II. PROXIMAL HUMERAL EPIPHYSEAL SEPARATION

A. Anatomy. The proximal humeral remains open until 14 to 18 years of 
age, and accounts for about 80% of the length of the humerus. In younger 
children, significant angulation at the fracture site is well tolerated because 
of the remodeling potential of the growing proximal humerus.

B. Radiographs. Anteroposterior and axillary lateral radiographs typically il-
lustrate the fracture. The most common pattern is a Salter–Harris type 2 
injury, but numerous variations have been reported (see Chapter 2 for de-
scription of the Salter–Harris classification). Salter–Harris type 1 injuries 
are seen in neonates and in very young children.

C. Treatment. This fracture can often be reduced by closed methods with ap-
propriate anesthesia. Reduction requires aligning the distal fragment to the 
proximal one, usually by abduction and external rotation of the distal frag-
ment. As long as the rotation of the two fragments relative to one another 
is correct, up to 70° of angulation can remodel to produce normal shoulder 
function up to 7 years of age. Up to 11 years in a girl and 12 years in a boy, 
50% apposition is acceptable, but varus malalignment should not exceed 
45° and rotary deformity must be minimal.5,6 Treatment is then carried out 
in a sling with circumduction exercises. Open reduction is rarely indicated, 
but closed manipulation and percutaneous pin fixation should be consid-
ered if closed reduction fails to achieve an acceptable degree of correction 
and stability. The mature adolescent should be treated as an adult.
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 III. DIAPHYSEAL HUMERUS FRACTURES

A. Mechanism. Diaphyseal humerus fractures can be the result of high-energy 
trauma in young patients, or much lower energy mechanisms in the elderly. 
The incidence of this fracture is bimodal occurring at the highest rates in 
young adults and individuals of age 60 and older.7,8 Although the fracture 
may occur in any part of the diaphyseal bone, the middle third is the most 
commonly involved.

B. Physical examination should be thorough to rule out any nerve or vascular 
damage. The time of onset of any nerve involvement must be accurately 
documented. The radial nerve travels through the spiral groove directly 
on the humeral shaft and is injured in approximately 11% of diaphyseal 
humerus fractures.8 If the radial nerve is intact, the patient will be able to 
extend the wrist against gravity and extend the fingers as well as the thumb. 
If the radial nerve is not functioning, the patient will still be able to use the 
hand intrinsics to extend the fingers with the wrist in flexion. Do not be 
fooled.

There are three separate mechanisms by which the radial nerve may be 
injured.
1. Damage at the time of injury usually produces a neurapraxia, less 

commonly an axonotmesis or traction injury, and rarely a neurotmesis. 
Neurotmesis is most commonly associated with open fractures.9

2. During the process of manipulation and immobilization, neura-
praxia can occur, and if the pressure is not relieved, it can become an 
axonotmesis. This is usually a result of the nerve being trapped between 
the fracture fragments.

3. During the process of internal fixation, neurapraxia or axonotmesis 
can develop from manipulation of the nerve.

C. Treatment. Initial fracture treatment includes immobilizing the arm against 
the chest with plaster coaptation splints, as shown in Fig. 18-2. The patient 
should begin hand and wrist range of motion exercises immediately to 
 prevent stiffness. Two to three weeks after injury, the splint can be removed 
and the patient placed into a snug-fitting commercial or custom frac-
ture.10,11 Shoulder and elbow motion is then initiated. Bayonet apposition 
is acceptable as long as angular alignment is good. Distraction should be 
avoided and is generally a harbinger of nonunion.

Open reduction and internal fixation is indicated for open fractures, 
fractures with associated vascular injuries, Holstein fractures (an oblique 
distal third fracture with radial nerve injury where the nerve can be trapped 
in the fracture), bilateral fractures, in the setting of massive obesity (where 
closed reduction and effective orthotic treatment is not possible), and for 
patients with polytrauma.12 Plates and screws, reamed intramedullary (IM) 
nails, and flexible IM nails seem to be equally efficacious. IM nails can 
be placed without opening the fracture site, but they do result in a 20% 
to 30% incidence of postoperative shoulder pain and stiffness.13 For this 
reason, plate fixation is the preferred method of operative stabilization in 
most settings.
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D. Treatment of an associated radial nerve injury.
 Nerve involvement at the time of injury should be managed with observa-

tion, passive range-of-motion exercises of the wrist and fingers, and use of 
a radial nerve splint for the wrist and fingers. The prognosis for recovery is 
excellent, with 80% or more patients regaining full function, although recov-
ery may take 1 year or longer. Based on a meta-analysis, Shao et al.8 provided 
a treatment algorithm for humeral shaft fractures with radial nerve injuries  
that recommends observation as the initial treatment in most cases.

If radial nerve function is present after the injury, but lost after closed 
reduction, the nerve should be explored in the operating room. Late nerve 
involvement is also an indication for exploration and neurolysis.

E. Complications. Delayed unions and nonunions do occur and are best 
treated with compression plating and a cancellous bone graft. If nonunion 
occurs after IM nailing, plate fixation with bone grafting results in healing 
in approximately 90% of cases; repeat IM nailing is generally not advisable.

 IV. SUPRACONDYLAR HUMERUS FRACTURES—PEDIATRIC

A. Mechanism. Pediatric supracondylar humerus fractures most commonly 
result from a fall on an outstretched arm. The fracture propagates through 
the thin bone of the distal humerus between the olecranon fossa and the 
coronoid fossa.

Figure 18-2. Treatment of the humeral shaft fractures. A: The first step is to apply coapta-
tion splints to the arm and then to apply a commercial collar and cuff or one made of muslin. 
Stockinet should not be used because it stretches. The neck and wrist are padded beneath the 
collar and cuff with felt. B: After adequate padding in the axilla and beneath the forearm, the 
arm and forearm can be immobilized against the thorax with a swathe.
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B. Physical examination. The elbow is typically markedly swollen and tender. 
Associated vascular and nerve injury is common, and the examiner must 
carefully document function of the radial, median, ulnar, posterior interosse-
ous, and anterior interosseous nerves, as well as the quality of the radial pulse 
and capillary refill of the hand. Vascular damage, nerve damage, or marked 
displacement constitutes a surgical emergency. In addition, the examiner 
should carefully examine the wrist and shoulder for tenderness or deformity, 
and palpate the forearm compartments for signs of compartment syndrome.

C. Radiographs. Anteroposterior and lateral radiographs of the elbow and 
forearm should be obtained. The numerous growth plates at the elbow and 
their changing appearance during growth make interpreting pediatric elbow 
radiographs challenging. In some cases, radiographs of the opposite elbow 
can be helpful in making a diagnosis. In rare instances, an MRI may be nec-
essary to determine the presence and character of an injury. However, MRI 
should be used sparingly in young children because of the need for sedation 
and/or general anesthesia so as to obtain an adequate examination.

D. Treatment.
Because of the seriousness of the potential complication of compartment 
syndrome with a supracondylar fracture, nearly all children with a dis-
placed fracture are admitted to the hospital to facilitate close monitoring 
of the neurovascular status. Displaced fractures are typically treated with 
closed reduction and percutaneous pinning. As soon as the condition of 
the patient allows, a definitive reduction under general anesthesia is at-
tempted. The technique of reduction is illustrated in Figs. 18-3 and 18-4. 
Pin configuration is controversial. Traditionally, crossed K-wires (one 
from the medial side and one from the lateral side) were the predominant 
configuration. However, the use of several lateral pins has been shown to 
be equally efficacious at maintaining reduction while avoiding ulnar nerve 
injuries from the medial pin.14 If the patient is seen late and the swelling 
is massive, an alternative is the use of Dunlop traction until the swelling 
resolves (see Fig. 10-5). In the child with a suspected nondisplaced fracture 
and normal radiographs, immobilization for 2 to 3 weeks in a long-arm cast 
with follow-up X-rays at that time is appropriate.

In the younger child, there is some latitude in anteroposterior angulation or 
displacement. The direction of the initial displacement provides a clue for 
the proper forearm position after reduction. If the initial displacement is 
medial, placing the forearm into pronation tightens the medial hinge, closes 
any lateral gap in the fracture line, and helps prevent subsequent cubitus 
varus. If the initial displacement is lateral, placing the forearm in supination 
tightens the lateral soft-tissue hinge, closes the medial aspect of the fracture 
line, and helps prevent cubitus deformity.

The use of Baumann angle to guide treatment was described in the Ger-
man literature in 1929. To use this technique, bilateral radiographs of the 
distal humerus are necessary. A line is drawn down the center of the diaphy-
sis of the humerus, and another is drawn across the epiphyseal plate of the 
capitellum. If the angle is 5° different from the unaffected side, the reduction 
is not complete and a significant abnormality in the carrying angle, such as 
cubitus varus, may result. The reduction is generally off in rotation. On the 
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Figure 18-3. Reduction technique for supracondylar humeral fractures that occur with the 
elbow in flexion. A: Distal fragment is displaced posteriorly. B: The brachial artery may become 
entrapped at the fracture site. C: Restore length by applying traction against countertraction.  
D: With pressure directed anteriorly on the distal fragment, provide reduction. E: The reduction 
is generally stable with the elbow in flexion with the forearm pronated.
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lateral radiograph, the anterior humeral line must pass through the capitel-
lum to ensure that there is not a malreduction with rotation or extension.

Open reduction may be necessary if repeated attempts at closed reduc-
tion fail. Small incisions are recommended to place the pin starting from 
the medial side to be sure the ulnar nerve is not injured.14 An anterior or 
lateral incision may be used to expose the fracture. The anterior incision 
may provide the easiest direct exposure because of the generally extensive 
damage to the brachial muscle by the fracture displacement. Splint the el-
bow in 20° to 30° of flexion after pinning the fracture to allow for swelling. 
This is only possible when the fracture has been stabilized by pin fixation. 
The patient must be observed with frequent neurovascular checks for at 

Figure 18-4. Reduction technique for supracondylar fractures that occur with the elbow in 
extension. A: The distal fragment is displaced anteriorly relative to the proximal fragment.  
B: Restore length by applying traction against countertraction. C: With pressure directed pos-
teriorly on the distal fragment, the fracture is reduced. The elbow is then extended to enhance 
stability of the reduction in most circumstances.
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least 24 hours for the signs and symptoms of compartment syndrome. 
The pins are removed after 3 to 4 weeks, and intermittent active motion is 
started out of cast or splint. The splint is discarded 4 to 6 weeks after the 
injury. Stiffness may result from overzealous attempts of family, friends, and 
therapists to aid the child in regaining motion quickly. The child should be 
allowed to use the elbow, and the family should be reassured that he or she 
will gain extension of the joint with time and growth.

Distal humeral epiphyseal slips in younger children are rare, but when 
they occur, they should be treated as supracondylar fractures.

E. Complications.
1. Cubitus varus and valgus (varus is far more common)
2. Loss of elbow motion
3. Tardy ulnar nerve palsy

 V. SUPRACONDYLAR AND INTERCONDYLAR FRACTURES—ADULTS

A. Mechanism of injury. Distal humerus fractures often result from low-
energy falls in elderly patients, or high-energy trauma in young adults.

B. Physical examination. The elbow is swollen, and the patient is unable to 
move the elbow actively in most cases. A careful neurologic examination 
should be documented. Ulnar nerve dysfunction is especially common with 
high-energy distal humerus fractures.

C. Radiographs. Anteroposterior and lateral elbow and humerus radiographs 
should be obtained. A traction anteroposterior radiograph can help char-
acterize comminuted fractures. Fractures vary from simple transverse su-
pracondylar fractures to severely comminuted intraarticular fractures. CT 
imaging of the elbow may be helpful for operative planning in cases with 
significant comminution.

D. Treatment. Elbow stiffness develops rapidly in adults; therefore, early elbow 
and hand motion is the key to a good functional result. At the initial pre-
sentation, the fractured extremity should be placed in a well-padded poste-
rior splint. Open reduction and internal fixation is the treatment of choice 
for most fractures.15 Most fractures are visualized through an olecranon 
osteotomy, paratricipital or triceps splitting approach. The configuration of 
plates depends on the fracture pattern and surgeon preference, but fixation 
must be secure enough to allow early motion. Highly comminuted fractures 
should be referred to experienced fracture surgeons to prevent the situation 
of open reduction and unstable fixation.

Patients undergoing internal fixation should be started on active range-
of-motion exercises within 3 to 5 days of the procedure. Tenderness usually 
disappears in 4 to 6 weeks; the splint is then discarded, and further active 
elbow movement is encouraged. In the most comminuted fractures in el-
derly individuals, total elbow replacement is an excellent option.

E. Complications.
1. Heterotopic ossification can lead to elbow stiffness and limited mo-

tion. Risk factors for heterotopic ossification include concomitant head 
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injury, delay in operative intervention, and repeated surgeries. At this 
time, there is no evidence that routine heterotopic ossification prophy-
laxis in the form of indomethacin or radiation is indicated.16

2. Loss of motion is common after these fractures, especially if the fracture 
is comminuted and extends into the joint.

3. Ulnar nerve dysfunction can occur at the time of injury or due to 
manipulation of the nerve or swelling intraoperatively. Some surgeons 
routinely transpose the ulnar nerve at the time of operative fixation, 
but studies report conflicting evidence about the benefits of routine 
transposition.16

 VI. LATERAL CONDYLE FRACTURES—PEDIATRIC

A. Mechanism. The lateral condyle fracture may result from a fall on an 
 outstretched hand. Alternatively, the fracture may recur as a result of the 
common extensor origin avulsing the bone fragment. These fractures typi-
cally occur in young children, with the peak incidence occurring at age 6.

B. Radiographs. Routine anteroposterior and lateral elbow radiographs are 
obtained, but oblique films and films of the uninjured elbow are often 
needed to define the injury accurately. Occasionally, an MRI may be neces-
sary to further delineate the injury.

C. Treatment. Nondisplaced fractures can be managed in a long-arm splint or 
cast for 4 weeks. Close follow-up is necessary, with repeat films 3 to 5 days 
after the initial injury. If the fracture is displaced, the treatment of choice 
has traditionally been open reduction and fixation with Kirschner wires. 
However, closed reduction and percutaneous pinning in experienced hands 
may produce equivalent results.17

D. Complications.
1. Failure to achieve accurate reduction of the fracture results in cubitus 

valgus, late arthritic changes, nonunion, and/or a tardy ulnar nerve palsy.
2. When the epiphysis is open, overgrowth of the lateral condyle occa-

sionally occurs, with a resulting cubitus varus.
3. Osteonecrosis of the lateral condyle can occur after open reduction, 

especially if the soft tissues containing the vascular supply are stripped 
off of the posterior aspect of the condyle.

 VII. MEDIAL EPICONDYLE FRACTURES

A. Mechanism of injury. The center of ossification of the medial epicondyle 
of the humerus appears at 5 to 7 years of age. Medial epicondyle fractures 
most commonly result from an elbow dislocation with avulsion of the frag-
ment. The medial ligament of the elbow maintains its inferior attachment 
and pulls the medial epicondyle from the humerus. This fracture is most 
common in children of ages 9 to 14, but it can occur in adults.

B. Physical examination. The patient often presents with medial elbow pain 
and swelling, and some patients have associated ulnar nerve dysfunction.
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C. Radiographs. Anteroposterior and lateral elbow radiographs are used to iden-
tify the position of the medial epicondyle. Radiographs of the normal elbow 
for comparison can be helpful. If the elbow was dislocated and spontaneously 
reduces, the medial epicondyle fragment can become entrapped in the joint.

D. Treatment. Reduce any elbow dislocation by linear traction with sedation 
and assess the position of the fragment radiographically. If the fracture is 
less than 2 mm displaced, the injury can be managed with immobilization 
for 7 to 10 days, followed by early active motion.

Indications for surgery include bony fragments in the joint, valgus insta-
bility, or a fracture displaced more than 5 mm. The medial epicondyle may be 
trapped within the joint, causing incomplete motion. The medial epicondyle 
fracture can be reduced and held by pin fixation. In adults, consider small or 
mini fragment screws for fixation (Fig 18-5). If open reduction is undertaken, 
the ulnar nerve must be protected but need not be transposed anteriorly.

E. Complications are largely those of an elbow dislocation. If the medial 
epicondyle remains displaced, ulnar nerve problems are not uncommon.

Figure 18-5. A: Anteroposterior elbow radiograph of a 16-year-old adolescent boy who injured 
his elbow while playing football demonstrates a displaced medial epicondyle fracture. B: Anatomic 
alignment following open reduction internal fixation with a small fragment screw and washer.
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HCMC Treatment Recommendations

Humeral Shaft Fractures

Diagnosis: Anteroposterior and lateral humeral radiographs, physical exami-
nation. Be sure to check radial nerve function.

Treatment: Closed reduction and application of coaptation splints—convert 
splints to functional brace and begin range-of-motion exercises for shoul-
der and elbow 2 wk after injury.

Indications for surgery: Multiply injured patient or extremity, open fractures, 
nonunion.

Recommended technique: 4.5-mm large fragment low contact dynamic com-
pression plate, explore and protect radial nerve. Alternatively, use an ante-
grade interlocking humeral nail but expect shoulder pain in 20% to 30% 
of individuals.

HCMC Treatment Recommendations

Proximal Humerus Fractures

Diagnosis: Anteroposterior shoulder radiograph with axillary view and trans-
scapular lateral (shoulder trauma series) view. Consider computed tomog-
raphy scan with reconstructions if a displaced three- or four-part fracture 
is noted on plain radiographs and the patient is a surgical candidate.

Treatment: Be sure that the humeral head is located. If the fracture is im-
pacted or minimally displaced, apply sling for comfort and begin assisted 
range-of-motion exercises at 7–14 d.

Indications for surgery: Marked (.1 cm) displacement of tuberosity frag-
ments, varus angulation of head, dislocated humeral head, head-splitting 
fracture, or open fractures.

Technical options: On the basis of age of the patient, type of fracture, and 
bone quality:

•	 Greater	tuberosity	fractures:	open	reduction	and	screw	or	tension	
band fixation.

•	 Two-part	surgical	neck	fractures:	closed	reduction	and	percutane-
ous pinning in pediatric fractures, plate or intramedullary nail fixa-
tion in adults.

•	 Three-part	fractures:	closed	reduction	and	pinning	vs.	open	reduc-
tion and internal fixation.

•	 Four-part	fractures,	head-splitting	fractures:	prosthetic	replacement	
is advisable for elderly patients with markedly comminuted fractures 
or those associated with humeral head dislocation.
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 I. RUPTURES OF THE DISTAL BICEPS BRACHII

A. Anatomy. Rupture of the distal biceps may occur at the muscle tendon junc-
tion or more commonly at its tendinous insertion into the radial tuberosity.

B. Mechanism of injury. This injury typically occurs in men 30 to 60 years 
old. Most patients report pain or a tearing sensation in the antecubital fossa 
after elbow flexion against resistance.

C. Examination. In a normal elbow, the biceps tendon should be easy to 
identify and palpate. Inability to “hook” the finger under the lateral edge of 
the biceps tendon strongly suggests biceps tendon rupture.1 Because other 
muscles contribute to elbow flexion, the patient demonstrates minimal el-
bow flexion weakness, but does have weakness to forearm supination. With 
an intact biceps tendon, squeezing the biceps muscle belly in the upper arm 
should produce supination of the forearm. Absence of supination with the 
“squeeze test” suggests distal biceps tendon rupture.2

D. Radiographs. Routine elbow radiographs occasionally reveal small bony 
avulsions from the radial tuberosity, but most often show no abnormalities. 
If the diagnosis is not clear clinically, MRI of the elbow can identify biceps 
tendon rupture (Fig. 19-1).

E. Treatment. Treatment of distal tendon tears is controversial. The biceps 
functions as a weak elbow flexor and a strong forearm supinator, and pa-
tients who do not have the tendon repaired do lose some forearm supina-
tion strength.3 Active, otherwise healthy, individuals may wish to undergo 
surgical repair. Tendon repair is technically easier, and results are better if 
performed within 3 weeks of the injury. Therefore, patients who may be op-
erative candidates should be referred promptly to an orthopaedic surgeon. 
Surgeons employ various tendon repair techniques, typically followed by 6 
to 8 weeks of rehabilitation.4

F. Complications. Complications of surgical repair include heterotopic os-
sification and synostosis, loss of forearm rotation, and nerve injury.

 II. DISLOCATION OF THE ELBOW JOINT accounts for 20% of all dislocations, 
second only to glenohumeral and interphalangeal joint dislocations.

A. Anatomy. Dislocation of the ulnohumeral joint most commonly occurs in 
a posterior direction and can result in disruption of the elbow capsule, the 
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medial and collateral ligaments, and the muscles originating from the me-
dial and lateral epicondyles. O’Driscoll et al.5 has described the mechanism 
of the typical elbow dislocation as starting with disruption of the lateral 
collateral ligament complex, extending through the anterior and posterior 
capsule, and only disrupting the medial collateral ligament in the most 
severe cases (the circle of Horii).

B. Mechanism of injury. Elbow dislocation usually results from a fall on an 
outstretched arm.

C. Examination. The elbow typically appears very swollen, and the patient 
is unable to actively move the joint. In the examination of an injured 
elbow, there may be confusion about whether the deformity arises from a 

Figure 19-1. Sagittal section MRI of the elbow of a 64-year-old man who had pain and swell-
ing at the elbow after tripping over a treadmill. The arrow indicates the distal end of the biceps 
tendon (black) that has retracted surrounded by fluid.
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dislocation of the elbow or from a supracondylar fracture, but this can be 
resolved clinically by comparing the relative positions of the two epicon-
dyles and the tip of the olecranon by palpation. These three bony points 
form an isosceles triangle. The two sides remain equal in length in a supra-
condylar fracture. If the elbow is dislocated, however, the two sides become 
unequal (Fig. 19-2). The position of the proximal radius can be palpated on 
the lateral surface of the elbow to rule out radial head dislocation. The func-
tion of the peripheral nerves and the state of the circulation to the hand, 
including capillary refill and presence of radial pulse, should be carefully 
noted. Nerve injuries, most commonly involving the ulnar nerve, occur in 
1% to 17% of elbow dislocations.6 Brachial artery injury is rare, but can 
have devastating consequences if not promptly recognized and treated.

D. Radiographs. Radiographs should include anteroposterior and lateral views  
of the elbow, an anteroposterior view of the humerus, and an anteroposterior 
view of the forearm. Imaging of the elbow demonstrates whether the displace-
ment is directly posterior (Fig. 19-3), posterolateral, or posteromedial. Fractures 
of the coronoid process have been identified in 10% to 15% of elbow disloca-
tions. Fractures involving the distal humerus, proximal ulna, or radial head 
signify a more complex injury that typically requires operative intervention.

Figure 19-2. The two epicondyles and the tip of the olecranon form an isosceles triangle. This 
triangle is maintained with a supracondylar humeral fracture, but with an elbow dislocation, the 
two sides of the triangle become unequal or distorted.

Lateral
epicondyle

Medial
epicondyle

Olecranon
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Figure  19-3. A: This lateral radiograph of the elbow of a 21-year-old man demonstrates a 
posterior dislocation of the elbow following a snowboarding injury. B: The elbow is concentric 
following closed reduction. The patient started elbow motion 5 days after injury, and ultimately 
obtained motion from 0° to 145° of flexion.

E. Treatment. All elbow dislocations should be initially managed with closed 
reduction, which can often be performed in the emergency room setting. 
Sedation may be necessary for proper muscle relaxation. Reduction can usu-
ally be achieved by exerting gentle traction on the slightly flexed elbow while 
applying countertraction to the humeral shaft. Postreduction AP and lateral 
elbow radiographs are mandatory to confirm congruent reduction. After 
reduction, the examiner should document the arc of flexion through which 
the elbow remains stable. This can be determined by examining the elbow 
fluoroscopically throughout flexion and extension and determining at what 
degree of extension the joint begins to subluxate. Alternatively, the elbow 
can be gently taken through flexion and extension, and the patient asked 
to report when they feel the joint becoming unstable (apprehension). The 
elbow should be placed in a posterior splint in 80° to 90° of flexion with the 
forearm in neutral. The patient should be seen within 3 to 5 days with repeat 
radiographs to confirm reduction and to initiate range of motion exercises.7

A
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If the elbow joint cannot be reduced, there may be interposed soft-tissue 
or bone fragments and open reduction and ligament repair will be neces-
sary. Combination elbow fracture/dislocations almost always require open 
reduction with internal fixation (ORIF).

F. Complications
1. Limited range of motion. Early initiation of active range of motion 

(within 5 days) has been shown to improve final range of motion.7

2. Heterotopic ossification can develop, and its treatment should follow the 
guidelines in Chapter 3, I. Posttraumatic elbow stiffness can be successfully 
treated by open release.8 If associated with postresection instability, a hinged 
external fixator can be used with good results in motivated patients.9

3. Recurrent instability can be difficult to diagnose; when recognized, 
surgical reconstruction can be successful.5

Figure 19-3. (Continued)

B
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 III. FRACTURES OF THE OLECRANON

A. Anatomy. Olecranon fractures may be simple transverse, comminuted, 
displaced, or nondisplaced. The triceps tendon inserts into the proximal 
olecranon, and displaced fractures of the olecranon result in inability to 
actively extend the elbow.

B. Mechanism of injury. Olecranon fractures can occur as the result of a fall 
directly onto the elbow or activation of the triceps against resistance.

C. Physical examination. There is often swelling and ecchymosis over the 
fracture site. If the fracture is not displaced on radiographs and nonopera-
tive treatment is a consideration, the patient’s ability to actively extend the 
elbow should be assessed. Associated neurovascular injuries are uncommon.

D. Radiographs. AP and lateral radiographs of the elbow typically demon-
strate the fracture.

E. Treatment.
1. Nondisplaced fractures with intact triceps function should be treated in 

a posterior splint with the elbow flexed 90°. Pronation and supination 
movements are started in 2 to 3 days, and flexion–extension movements 
are started at 2 weeks. Protective splinting or a sling is used until there is 
evidence of union (usually around 6 weeks). Close clinical and radiographic 
follow-up is essential to ensure full ROM and to identify any displacement.

2. Displaced fractures should be reduced anatomically and fixed internally 
with tension band wiring or plate fixation. Fixation should be secure enough 
to allow early motion. In some instances where the proximal fragment is 
small, fragment excision and triceps advancement can be considered.

F. Complications.
1. Symptomatic hardware. Regardless of whether a plate or tension band 

wiring is used for fixation, the hardware is often prominent in the sub-
cutaneous tissue overlying the olecranon.

2. Loss of motion. Even patients with simple fractures fixed anatomically 
often lose 10° to 15° of extension. Functional range of motion from 30° 
to 110° of flexion meets the needs for ADLs for most patients.

 IV. EPIPHYSEAL FRACTURES OF THE PROXIMAL RADIUS

A. Anatomy. Ossification of the radial head epiphysis typically appears around 
the age of 5.

B. Mechanism of injury. These injuries result from a fall on the outstretched 
hand in children and adolescents ages 6 to 16.

C. Examination. Pain, occasionally swelling, and tenderness are usually pres-
ent over the proximal end of the radius. There is also limitation of elbow 
motion. The wrist should also be carefully examined for evidence of injury 
to the distal radius and/or distal radioulnar joint.

D. Radiographs: AP and lateral radiographs of the elbow often demonstrate 
the abnormality. Radiographs of the forearm and/or wrist should be 
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obtained in children to rule out any associated injuries. However, due to 
the differing appearance of elbow epiphyses as the skeleton matures, im-
ages of the contralateral uninjured elbow may be helpful in cases where the 
diagnosis is not clear.

E. Treatment.
1. Fractures with less than 15° of angulation are immobilized in a long-

arm splint for 1 to 2 weeks. Active exercise is then initiated while the 
arm is protected in a sling.

2. Angulation of greater than 15° calls for manipulation under anes-
thesia. If this fails, operative reduction is required. These fractures can 
often be reduced with the aid of an intramedullary wire as described 
by Metaizeau.10 After reduction, the intramedullary pin is left in place 
for about 8 weeks, although active motion exercises for the elbow can 
begin 2 weeks after surgery. The radial head should never be removed in 
children.

 V. FRACTURES OF THE RADIAL HEAD AND NECK IN ADULTS

A. Anatomy. The radial head articulates with both the capitellum of the dis-
tal humerus and the proximal ulna. It also contributes to elbow stability 
against valgus loads.

B. Mechanism of injury. This common injury should be suspected following 
a fall on the outstretched hand whenever there is swelling of the elbow joint, 
tenderness over the head of the radius, and limitation of elbow motion 
(especially painful pronation and supination).

C. Physical examination. Patients with radial head fractures typically present 
with tenderness directly over the radial head and limited elbow motion. 
More comminuted or displaced radial head fractures may cause crepitus 
with pronation and supination. The examiner should document any other 
areas of elbow tenderness, as medial elbow tenderness may indicate a more 
severe elbow injury with instability. Be careful to also examine the wrist and 
forearm for tenderness, as radial head fractures are associated with Essex-
Lopresti injuries (disruption of the interosseous membrane of the forearm).

D. Radiographs. If the fracture is not apparent on anteroposterior and lateral 
elbow radiographs, a radial head view may demonstrate the injury. A pos-
terior and/or large anterior fat pad sign, indicative of an elbow effusion, 
should raise suspicion of a radial head fracture. Fractures are often described 
using the modified Mason classification.
•	Mason 1: Nondisplaced fracture of the radial head.
•	Mason 2: Partial articular fracture with greater than 2 mm of displacement.
•	Mason 3: Fracture involving the entire radial head, splitting into two or 

more fragments. In the Hotchkiss11 modification of the Mason classifica-
tion, type 3 fractures are defined as head fractures too comminuted to 
allow for open reduction internal fixation.

•	Mason 4: Fracture of the radial head associated with an elbow disloca-
tion. The Mason 4 is an additional category proposed by Johnston12 and 
utilized by some practitioners.
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E. Treatment.
1. Minimally displaced (<1 mm) fractures of the head (Mason 1) or im-

pacted fractures of the radial neck may be placed in a posterior splint 
for comfort at the time of injury, but elbow motion exercises should be 
initiated within 3 to 5 days. Early active motion increases the final range 
of motion (particularly elbow extension) and improves outcome.

2. Management of Mason 2 fractures of the radial head depends on the 
size and number of the fracture fragments, the degree of displace-
ment, associated injuries, and the patient’s elbow range of motion. 
Fractures involving less than one-third of the articular surface can be 
managed with early motion if the patient is able to move through a 
full arc of pronation and supination. If the patient cannot pronosu-
pinate because of pain, aspiration of the elbow effusion and injection 
of 5 mL of 1% lidocaine can relieve pain and allow better assessment 
of true range of motion.

Open reduction internal fixation should be considered for dis-
placed fractures involving more than 30% of the articular surface. 
Hardware can be placed in a “safe zone” on the radial head that 
corresponds to the 90° arc between the radial styloid and Lister’s tu-
bercle.13 Fixation should be secure enough to allow early postoperative 
motion. Results of ORIF of radial head fractures with two or three 
fragments are superior to results of internal fixation of more com-
minuted fractures.14

3. Isolated comminuted or displaced fractures of the head that involve 
more than one-third of the articular surface (Mason 3) and displaced 
or unstable fractures of the neck can be treated by early excision of the 
radial head with or without placement of a metal prosthesis. If the radial 
head fracture is part of a more complex injury such as an elbow  fracture/
dislocation (Mason 4), the radial head should be fixed or replaced and 
not simply excised. Radial head excision in such cases will lead to recur-
rent elbow instability. Radial head excision in the setting of an Essex-
Lopresti injury (rupture of the interosseous membrane) will lead to 
proximal migration of the radius and wrist pain.

 VI. MONTEGGIA FRACTURE–DISLOCATION OF THE ELBOW

A. Anatomy. A Monteggia fracture is a dislocation of the radial head and a 
fracture of the proximal ulna. There are four types, as described by Bado 
(see Selected Historical Readings), depending on the direction of radial 
head dislocation and associated ulna fracture. Anterior dislocation of the 
radial head (Bado Type 1) is the most common pattern.

B. Mechanism of injury. This injury typically results from a fall on an outstretched 
arm, but may also be caused by an anteriorly or posteriorly directed blow.

C. Physical examination. The elbow and proximal forearm are often swollen, 
and the patient has limited active motion. The wrist should also be exam-
ined, as distal radius and distal radioulnar joint (DRUJ) injuries have been 
reported in conjunction with Monteggia fractures.
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D. Radiographs. Anteroposterior and lateral views of the elbow and forearm 
should be obtained. In a normal elbow film, the center of the radial head 
should line up with the capitellum on all views (Fig. 19-4). In the case of a 
Monteggia fracture/dislocation, the line bisecting the radial head does not 
intersect the capitellum. In children, there may be plastic deformation of 
the ulna rather than a true fracture, making the injury pattern less obvious 
on radiographs. The appearance of any “isolated” ulna fracture, especially 
in a child, should prompt a careful evaluation of radial head alignment.

E. Treatment.
1. Children. Closed reduction of the ulna is carried out. If the radial head 

has not been indirectly reduced by realigning the ulna, reduction of the 
radial head is attempted by supination of the forearm and direct pres-
sure on the radial head, which is usually successful. When the radial 
head cannot be anatomically reduced, removal of the interposing joint 
capsule with repair of the annular ligament is advisable. Close follow-up 
is necessary to assess for redisplacement.

2. Adults. Operative treatment is recommended.15 Open reduction with 
compression plate fixation of the ulna is generally followed by indirect 
reduction of the radius. If the radial head remains subluxed after ulnar 
fixation, the forearm should be supinated while applying pressure over 
the radial head. If closed reduction of the radial head is unsuccessful, an 
open reduction must be performed. If the radial head is unstable, cast 
for approximately 6 weeks in supination, then start active exercises. If 
the radial head is stable after closed reduction or open repair, start early 
active motion with a hinged elbow orthosis, maintaining the forearm in 
supination. Protect the arm until the fracture is healed. With anterior 
dislocation and an unstable closed reduction, the arm may be immobi-
lized in 100° to 110° of elbow flexion, which relaxes the biceps and helps 
maintain reduction of the radial head.

 VII. DIAPHYSEAL FRACTURES OF THE RADIUS AND ULNA16,17

A. Anatomy. The radius and ulna articulate at the proximal radioulnar joint 
and the DRUJ and are connected by the strong interosseous membrane 
throughout the forearm. These structures behave as a ring; thus, a break in 
one portion of the ring often results in a break elsewhere in the ring.

B. Mechanism of injury. In children, these fractures typically result from a fall on 
an outstretched arm. In adults, high-energy mechanisms are more common.

C. Physical examination. The forearm is typically swollen, and there is pain 
and crepitus over the fracture. The wrist and elbow should be examined for 
tenderness, as multilevel injuries are not uncommon. A careful neurologic 
examination should be documented.

D. Radiographs. Anteroposterior and lateral radiographs of the wrist, forearm, 
and elbow should be obtained. Of all upper extremity fractures, this type 
best exemplifies the need for visualizing the joint above and below fractures 
of long bones (elbow and wrist), as diaphyseal fractures of the radius and/
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or ulna can be associated with disruption of the ligaments of the elbow (see 
Monteggia above) and wrist (see Galeazzi below).

E. Treatment.
1. Children. Most of both bone forearm fractures in children are success-

fully managed with closed reduction and casting. Even with consider-
able displacement of the fracture fragments, a dense periosteal sleeve 
ordinarily remains. This sleeve is usually sufficient to make satisfactory 
closed reduction possible. In addition, the bone remodeling that occurs 
during normal growth allows for correction of some residual deformity. 
Closed reduction can generally be performed under conscious sedation 
in the emergency room or with a brief general anesthetic.

Following reduction, the child should be placed in a well-molded 
long-arm splint or long-arm cast and followed within 1  week with 
repeat radiographs. Greenstick fractures (incomplete fractures) tend to 
redisplace unless the fracture is overreduced, that is, unless the opposite 
cortex has been fractured with the reduction. In the adolescent, failure 
to obtain a satisfactory closed reduction is an indication for open reduc-
tion and treatment as for the adult.

2. Adults. It is difficult to achieve a satisfactory closed reduction of dis-
placed fractures of the forearm bones, and, if achieved, it is hard to 
maintain. Unsatisfactory results of closed treatment have been reported 
to range from 38% to 74%.18 For this reason, ORIF of both bone fore-
arm fractures is routine in the skeletally mature except in rare cases of 
truly undisplaced fractures.16 Open reduction internal fixation of closed 
both bone forearm fractures can be performed on a semielective basis. 
Bone grafting should not be performed routinely.19 At a minimum, 
there must be screws engaging six cortices above and below the fracture 
site. Great care must be exercised to restore the length and curvature of 
the radius relative to the ulna to prevent loss of pronation and supina-
tion.17,18 Reliable patients may be placed in a removable splint and early 
motion started as soon as wound healing is complete.

F. Complications.
1. Loss of motion. Restoration of the normal anatomy of the radius is 

associated with better forearm rotation.
2. Synostosis. The radius and ulna should be approached through separate 

incisions to decrease the chance of bone growth across the interosseous 
membrane.

3. Refracture. Plates should not be routinely removed from healed adult 
diaphyseal forearm fractures, as there is a significant risk of refracture 
following hardware removal.

 VIII. GALEAZZI FRACTURE/DISLOCATION OF THE RADIUS

A. Anatomy. This pattern of injury comprises a fracture of the radial shaft 
combined with instability of the DRUJ. The classic Galeazzi fracture is a 
break at the junction of the middle and distal one-third of the radial shaft.
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B. Mechanism of injury. Galeazzi fractures usually result from a fall on an 
outstretched hand.

C. Physical examination. The patient typically has tenderness directly over 
the DRUJ, although swelling and deformity in that region may be minimal.

D. Radiographs. Anteroposterior and lateral radiographs of the wrist, 
forearm, and elbow should be obtained. Identification of an “isolated” 
radial shaft fracture should raise suspicion of a possible DRUJ disruption. 
Dorsal dislocation of the ulna (with respect to the radius) is the most 
common pattern.

E. Treatment. Galeazzi fractures should be managed with an open reduc-
tion internal fixation of the radial shaft fracture.20 Typically, anatomic 
reduction of the radial shaft results in anatomic reduction of the DRUJ. 
If the DRUJ is stable in supination (position of stability following dorsal 
DRUJ dislocation) after radial shaft fixation, the forearm is placed in a 
sugar tong splint in 45° of supination. If the DRUJ cannot be reduced, 
there may be interposed soft tissues in the joint, or, more often, the 
radius has not been anatomically reduced. If an open reduction of the 
DRUJ is performed, or the DRUJ is unstable in all positions of forearm 
rotation, soft-tissue repair (TFCC repair) or temporary pinning of the 
DRUJ may be performed.

 IX. ISOLATED ULNA FRACTURES

A. Anatomy. The subcutaneous location of the ulna makes the bone prone to 
fracture from a direct impact.

B. Mechanism. This fracture frequently occurs as a result of a blow across the 
subcutaneous border of the bone, thus the term nightstick fracture.

C. Physical examination. The patient is generally tender directly over the 
fracture site. Carefully inspect the skin to rule out any opening that may 
communicate with the fracture. Also, examine the elbow and wrist to rule 
out any associated injury.

D. Radiographs. Anteroposterior and lateral radiographs of the forearm and 
elbow should be obtained to rule out any associated radial head dislocation 
(see Monteggia fracture/dislocation above).

E. Treatment. Minimally displaced isolated ulnar shaft fractures can be treated 
in a short-arm cast or fracture brace. Immobilization in a long-arm cast 
tends to lead to elbow stiffness and should be avoided. Fractures displaced 
greater than 50% of the width of the ulnar shaft or angulated more than 
10° should be treated with open reduction and internal fixation.21

 X. DISTAL RADIUS FRACTURE—ADULTS

A. Anatomy. The distal radius typically fractures through the softer metaphy-
seal bone. The most common pattern is a dorsally angulated extraarticular 
fracture, also known as a Colles fracture after Abraham Colles. In his 
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1814 paper, Colles differentiated this injury from the rare dislocation of 
the wrist on clinical grounds without the aid of roentgenograms. In more 
severe injuries, fracture lines may extend into the radiocarpal joint or into 
the sigmoid notch (the radial articulation of the DRUJ). Associated ulnar 
styloid fractures are seen in approximately 55% of distal radius fractures, 
but typically do not require any additional treatment. (22-May reference).

B. Mechanism. The most common mechanism is a fall from a standing height 
onto an outstretched hand in a woman older than 55 years. 

C. Examination. In the classic Colles fracture, the wrist and hand are dis-
placed dorsally in relation to the shaft of the radius (Fig. 19-5A) to form the 
classic dinner fork deformity. The distal radius and distal ulna are tender to 
palpation. A careful neurologic examination should be performed, as these 
fractures are often associated with median nerve neuropraxia.

D. Radiographs. Anteroposterior and lateral wrist radiographs are essential 
and should be evaluated for comminution of the dorsal cortex, the degree 
of angulation of the articular surface, radial shortening, loss of radial in-
clination, and intraarticular extension of the fracture lines. Normally, the 
articular surface of the distal radius is tilted volarly 11°, and the radius and 
ulna are of the same length (ulnar neutral). Radial inclination is usually 
19° to 21°. Acceptable alignment criteria are 0° to 20° of volar tilt, 15° to 
25° of radial inclination, less than 3 to 5 mm of radial shortening, and no 
intraarticular stepoff more than 1 mm.

Other patterns. A Smith fracture is an extraarticular metaphyseal distal 
radius fracture where the distal fragment is displaced volarly (Fig.  19-5B).   

Figure 19-5. A: Colles fracture. B: Smith fracture (reversed Colles fracture). C: Barton fracture 
(causes displacement of the anterior portion of the articular surface).
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These fractures are often less stable than their dorsally displaced counter-
parts. Closed reduction is performed by supinating the forearm and push-
ing dorsally on the distal fragment. The fracture should be immobilized 
with the forearm positioned in supination and the wrist in slight extension. 
Loss of reduction is common, and these fractures are often managed with 
open reduction internal fixation.

Barton fractures are shear fractures of the articular surface of the distal 
radius (Fig. 19-5C). There is a coronal fracture line in the articular surface, 
and the carpus remains attached to and moves with the fracture fragment 
(usually the volar lip). Alignment may be improved with closed reduction, 
but these fractures require open reduction internal fixation to restore joint 
congruity and function.

E. Treatment must be directed as vigorously toward maintaining hand, elbow, 
and shoulder function as toward obtaining good wrist motion. A patient 
with a stiff wrist and supple fingers is much more functional than a patient 
with perfect wrist motion and stiff fingers.
Reduction

 Fractures that are displaced (do not meet the radiographic criteria above) 
should initially be managed with closed reduction and placement in a sugar 
tong splint. Reduction can typically be performed in the emergency room 
with the combination of a hematoma block and IV pain medication or 
sedation.

Following hematoma block, the patient’s fingers are placed in finger 
traps, the elbow is bent to 90°, and 5 to 10 lb of weight is hung from a 
strap over the upper arm. After 5 to 10 minutes in fingertrap traction to 
disimpact the fracture, a manual reduction is then performed. While trac-
tion is maintained, pressure is applied to the dorsal aspect of the distal frag-
ment and to the palmar aspect of the proximal fragment to correct dorsal 
displacement and rotation. Pressure is applied on the radial aspect of the 
distal fragment to correct radial deviation.
Immobilization
The forearm is then placed in a well-molded sugar tong splint that 
extends just to the distal palmar crease (Fig.  19-6), allowing full mo-
tion of the MP and PIP joints. Extension of splinting material beyond 
the distal palmar crease limits finger motion and rapidly leads to finger 
stiffness, especially in elderly patients with underlying osteoarthritis. 
The wrist may be immobilized in slight flexion (up to 15°), but more 
severe flexion can cause acute carpal tunnel syndrome and should be 
avoided. Postreduction radiographs (AP and lateral of the wrist) should 
be obtained.
Follow-up care. If the patient’s fracture is well reduced, the patient should 
be instructed to elevate the affected arm and perform active motion of the 
digits, and gentle pendulum exercises for the shoulder. Repeat radiographs 
should be obtained on a weekly basis for 3 weeks to confirm that reduction 
is maintained. Typically, the patient is immobilized in a splint or cast for 
approximately 6 weeks.
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If the fracture cannot be well reduced, or the fracture displaces after 
reduction, the patient may be a candidate for operative intervention. Percu-
taneous pinning, external fixation, or open reduction internal fixation with 
plates may be utilized depending on the fracture characteristics, surgeon 
experience, and patient demands. Treatment should be tailored to fit the 
patient’s general health and functional level, as distal radius malunions tend 
to be better tolerated in the elderly population.

F. Complications.
1. The most frequent complication is stiffness of the finger joints and 

shoulder, which can have devastating effects on hand function. Careful 
attention to splint/cast placement (see above) and patient instruction on 
early digital motion and edema control minimizes stiffness.

2. Acute carpal tunnel syndrome is rare, but can result in permanent 
median nerve dysfunction if not identified and treated promptly. It 
typically occurs within the first 24 to 48  hours following an injury 
and is marked by progressive pain and loss of median nerve function. 
Close observation and serial neurologic examinations are warranted 
for any patient with median nerve dysfunction after distal radius 
fracture reduction. Compartment syndrome, although even less com-
mon, often presents with similar symptoms. In addition, the patient 
will have a tense swollen forearm and pain with passive stretch of the 
digits.

3. Extensor pollicis longus rupture can occur even in minimally dis-
placed fractures. The tendon usually ruptures by attrition in the area 
around Lister’s tubercle 2 to 3  weeks after the initial injury. Tendon 
transfer (typically of the extensor indicis proprius) restores thumb 
extension.

 XI. DISTAL RADIAL AND ULNAR FRACTURES IN CHILDREN

A. Anatomy. These fractures occur in the metaphysis just proximal to the 
physis in the radius, ulna, or both bones.

B. Mechanism. These fractures typically occur after a fall on an outstretched 
hand.

C. Radiographs. AP and lateral radiographs of the wrist and forearm are 
mandatory. Radiographs of the elbow should also be obtained if there is 
any swelling, tenderness, or limited motion at the elbow. Be certain that the 
fracture is not one of the types of epiphyseal slips described below.

D. Examination. Tenderness and swelling occurs directly over the fracture site, 
but the remainder of the extremity, including the elbow, should be carefully 
examined to rule out other injuries.

E. Treatment. Minimally displaced (aka “buckle”) fractures do not require 
reduction. When more significantly displaced, these fractures can be 
difficult to reduce, particularly when the fracture is 100% displaced and 
shortened and involves only the radius. Manipulation should be done 
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with the patient anesthetized or under conscious sedation, and the rule 
“one doctor, one manipulation” applies. Manipulative reduction consists 
of either.
1. Traction in line with the deformity until the bone ends can be “locked 

on,” followed by correction of the deformity.
2. Increasing the angulation of the distal fragments by manipulation 

(recreating the deformity) until the bone ends can be “locked on,” fol-
lowed by alignment of the distal fragment to the proximal fragment to 
correct the deformity.
If reduction can be achieved, it is usually stable, and treatment then 
consists of immobilization in a long-arm splint with the elbow at 90°. 
The patient should be seen within 5  days with repeat radiographs to 
confirm maintenance of alignment. Casting is typically continued for 
about 6 weeks.

 XII. DISTAL RADIAL EPIPHYSEAL SEPARATION

A. Anatomy. The distal radius epiphysis first appears around age 14 months 
and may not fully close until age 19. The distal radius physis contributes 
about 75% of the total growth of the radius.

B. Mechanism of injury. The usual mechanism of injury is a fall on the 
outstretched hand with a forced rotation of the wrist into dorsiflexion, 
resulting in dorsal displacement of the distal radius through the epiphyseal 
plate.

C. Physical examination. The patient is usually tender and swollen over the 
wrist. The elbow and forearm should also be examined to rule out associ-
ated injuries.

D. Radiographs: Anteroposterior and lateral radiographs of the wrist and fore-
arm identify the injury. The most common pattern is a Salter Harris Class 
1 or 2 fracture.

E. Treatment. The younger the child, the more angulation and displacement 
can be accepted with assurance of normal subsequent function and cosme-
sis. In a child of any age, angulation exceeding 25° or displacement exceed-
ing 25% of the radial height should be reduced. A less-than-automatic 
reduction is preferable to repeated manipulations, as multiple reduction at-
tempts can damage the growth plate. The manipulation and postreduction 
treatment are the same as for a Colles fracture. If an acceptable reduction 
cannot be obtained in the emergency room, the surgeon should consider 
reduction and percutaneous pinning in the operating room. The patient 
should be immobilized in a long-arm cast for 3 to 4 weeks, followed by a 
short-arm cast for 2 to 4 weeks.

F. Complications.
1. Growth arrest. As with any fracture involving the growth plate, early 

physeal arrest can occur.
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HCMC Treatment Recommendations

Elbow Dislocations

Diagnosis: Anteroposterior and lateral radiographs of the elbow, physical 
examination.

Treatment: Reduction under sedation in the emergency department— 
longitudinal traction with the elbow slightly flexed—postreduction stability 
examination and radiographs are essential for planning. If the elbow has 
good stability, start ROM exercises at 3–5 d.

Indications for surgery: Unstable elbow after reduction, intraarticular frag-
ments, associated fractures, especially of the coronoid process or radial 
head/neck.

HCMC Treatment Recommendations

Olecranon Fractures

Diagnosis: Anteroposterior and lateral elbow radiographs, physical 
examination.

Treatment: Splint initially, then generally ORIF.

Indications for surgery: Displacement of fracture of more than 2 mm or any 
persistent angulation, inability to extend elbow.

Recommended technique: Posterior approach, ORIF with tension band wire or 
plate fixation.

HCMC Treatment Recommendations

Radial Head Fractures

Diagnosis: Anteroposterior and lateral elbow radiographs, physical 
examination.

Treatment: Early ROM (especially pronation and supination) of the elbow.

Indications for surgery: A markedly displace d (>3–4 mm) Mason 2 fracture 
that inhibits pronation and supination or a Mason 3 fracture.

Recommended technique: ORIF wherever technically possible using minifrag-
ment screws or plates, or various customized. Excision of radial head 
where reduction is not possible using metallic spacer where there is an 
associated elbow injury or an ipsilateral wrist injury.
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HCMC Treatment Recommendations

Forearm Shaft Fractures

Diagnosis: Anteroposterior and lateral radiographs of the forearm, physical 
examination.

Treatment: ORIF with 3.5-mm plates and screws for any displaced  forearm 
shaft fracture in an adult. The exception is the isolated ulna fracture with 
minimal shortening (<1–2 mm) and at least 50% apposition of bone 
 fragments. Generally, use eight-hole plate length or longer; plates should 
be left in wherever possible.

•	Galeazzi	variant—fixation	of	radius	as	described,	with	examination	of	
distal radioulnar joint. If stable in supinated position, hold forearm in 
supinated position for 6 weeks; if joint is unstable, apply temporary 
K wire fixation or repair TFCC.

•	Monteggia	variant—fixation	of	ulna	fracture	as	described,	examina-
tion (radiographic and clinical) of radiocapitellar joint. If not reduced, 
check ulna reduction for anatomicity and, if perfect, undertake open 
reduction of radius.

•	Isolated	ulna—ORIF	with	technique	described	for	fractures	with	
 significant displacement and shortening.

•	Isolated	radius—ORIF	with	technique	described	for	fractures	with	
significant displacement (>2–3 mm of shortening) or loss of radial 
bow.

HCMC Treatment Recommendations

Distal Radius Fractures

Diagnosis: Anteroposterior and lateral radiographs of the forearm, physical 
examination. Computed tomography scan can be helpful for intraarticular 
fractures.

Treatment:

•	Extraarticular	variant—closed	reduction	under	intravenous	regional	
or hematoma block. Follow-up radiographs in 3–7 d to be sure that 
reduction is maintained. Comminution at the fracture site makes re-
displacement likely.

•	ORIF	or	closed	reduction	with	percutaneous	pinning	for	fractures	
with	inadequate	reduction.

Recommended technique: Percutaneous pinning with K wires, or ORIF, typi-
cally with volar approach and specialized volar distal radius plates.



Chapter 19 • Elbow and Forearm Injuries  3 4 5

REFERENCES

 1. O’Driscoll SW, Goncalves LB, Dietz P. The hook test for distal biceps tendon avulsion. Am 
J Sports Med. 2007;35:1865–1869.

 2. Ruland RT, Dunbar RP, Bowen JD. The biceps squeeze test for diagnosis of distal biceps 
tendon ruptures. Clin Orthop Relat Res. 2005;(437):128–131.

 3. Freeman CR, McCormick KR, Mahoney D, et al. Nonoperative treatment of distal 
biceps tendon ruptures compared with a historical control group. J Bone Joint Surg Am. 
2009;91:2329–2334.

 4. Miyamoto RG, Elser F, Millett PJ. Current concepts review: distal biceps tendon injuries. 
J Bone Joint Surg Am. 2010;92:2128–2138.

 5. O’Driscoll SW, Morrey BF, Korinek S, et al. Elbow subluxation and dislocation. A spec-
trum of instability. Clin Orthop Relat Res. 1992;(280):186–197.

 6. Martin BD, Johansen JA, Edwards SG. Complications related to simple dislocations of the 
elbow. Hand Clin. 2008;24:9–25.

 7. Mehlhoff TL, Noble PC, Bennett JB, et al. Simple dislocation of the elbow in the adult. 
Results after closed treatment. J Bone Joint Surg Am. 1988;70:244–249.

 8. Husband JB, Hastings H II. The lateral approach for operative release of post-traumatic 
contracture of the elbow. J Bone Joint Surg Am. 1990;72:1353–1358.

 9. Morrey BF. Post-traumatic contracture of the elbow. Operative treatment, including dis-
traction arthroplasty. J Bone Joint Surg Am. 1990;72:601–618.

 10. Metaizeau JP, Lascombes P, Lemelle JL, et al. Reduction and fixation of displaced radial 
neck fractures by closed intramedullary pinning. J Pediatr Orthop. 1993;13:355–360.

 11. Hotchkiss RN. Displaced fractures of the radial head: internal fixation or excision? J Am 
Acad Orthop Surg. 1997;5:1–10.

 12. Johnston, GW. A follow-up of one hundred cases of fracture of the head of the radius with 
a review of the literature. Ulster Med J. 1962;31:51–56.

 13. Caputo AE, Mazzocca AD, Santoro VM. The nonarticulating portion of the ra-
dial head: anatomic and clinical correlations for internal fixation. J Hand Surg Am. 
1998;23:1082–1090.

 14. Ring D, Quintero J, Jupiter JB. Open reduction and internal fixation of fractures of the 
radial head. J Bone Joint Surg Am. 2002;84-A:1811–1815.

 15. Ring D, Jupiter JB, Simpson NS. Monteggia fractures in adults. J Bone Joint Surg Am. 
1998;80:1733–1744.

 16. Chapman MW, Gordon JE, Zissimos AG. Compression plate fixation of acute fractures of 
the diaphysis of the radius and ulna. J Bone Joint Surg Am. 1989;71:159–169.

 17. Schemitsch EH, Richards RR. The effect of malunion on functional outcome after plate 
fixation of both bones of the forearm in adults. J Bone Joint Surg Am. 1992;74:1068–1078.

 18. Sarmiento A, Ebramzaden R, Brys D, et al. Angular deformities and forearm function. J 
Orthop Res. 1992;10:121–133.

 19. Wei SY, Born CT, Abene A, et al. Diaphyseal forearm fractures treated with and without 
bone graft. J Trauma. 1999;46:1045–1048.

 20. Moore TM, Klein JP, Patzakis MJ, et al. Results of compression plating of closed Galeazzi 
fractures. J Bone Joint Surg Am. 1985;67:1015–1021.

 21. Atkin DM, Bohay DR, Slabaugh P, et al. Treatment of ulnar shaft fractures: a prospective, 
randomized study. Orthopedics. 1995;18:543–547.

Selected Historical Readings
Bado JL. The Monteggia lesion. Clin Orthop Relat Res. 1967;50:71–86.
Burwell HN, Charnley AD. Treatment of forearm fractures in adults with reference to plate 

fixation. J Bone Joint Surg Br. 1964;46:404–425.



3 4 6   M A N U A L  O F  O R T H O PA E D I C S

Fowles JV, Sliman N, Kassab MT. The Monteggia lesion in children. Fracture of the ulna and 
dislocation of the radial head. J Bone Joint Surg Am. 1983;65:1276–1282.

Fuller DJ, McCullough CJ. Malunited fractures of the forearm in children. J Bone Joint Surg 
Br. 1982;64:364–367.

Knirk JL, Jupiter JB. Intraarticular fractures of the distal end of the radius in young adults. J 
Bone Joint Surg Am. 1986;68:647–659.

Linscheid RL, Wheeler DK. Elbow dislocations. JAMA. 1965;194:1171–1176.
Mason ML. Some observations on fractures of the head of the radius with a review of one 

hundred cases. Br J Surg. 1954;42:123–132.
Monteggia GB. Instituzione chirugiche, 2nd. Milan, Italy: G. Maspero; 1814.
Morrey BF, Chao EY, Hui FC. Biomechanical study of the elbow following excision of the radial 

head. J Bone Joint Surg Am. 1979;61:63–68.
Taylor TK, O’Connor BT. The effect upon the inferior radio-ulnar joint of excision of the end 

of the radius in adults. J Bone Joint Surg Br. 1964;46:83–88.



3 4 7

 I. BASIC PRINCIPLES AND DATA. Acute injuries to the hand and wrist 
are common. Obvious reasons for this fact stem from use of the hand as a 
working tool in sometimes dangerous environs (e.g., as an object holder im-
mediately adjacent to a power tool) and the all too frequent use of the arm as 
brake (fall onto an outstretched arm). A patient’s general health characteristics 
may play an important role in determining the frequency and outcome from 
such accidents (e.g., diabetics with originally reduced sensation and ongoing 
reduced blood supply/immune function and osteoporosis with reduced skeletal 
strength). There are several issues to be considered with all patients.

A.  Date of last tetanus immunization. One should consider the possibility of 
skin compromise with injuries to the hand and wrist. Even without obvious 
laceration, penetration of infectious organisms into the subcutaneous tissue 
has been known to occur. The effects of infection from one such organism 
(tetanus) are largely preventable. Consequently, verify the status of tetanus 
immunization in all patients whom you are treating for hand or wrist 
trauma. Do not assume that this has been resolved by a prior examiner.

B. Injury site characteristics. These may alter your treatment choices. For 
example, a fracture with a nearby clean laceration from a sharp object can 
often be managed as though the skin had remained closed, whereas the same 
fracture associated with a minimal but contaminated (farmyard or sewage) 
puncture into the fracture hematoma must first be thoroughly irrigated. 
Thus, the first key characteristic is to establish the extent of the skin injury 
and to specifically determine whether any external injection of organisms deep 
into the skin surface is likely to have occurred. In the case of burns (cold or 
hot), knowledge of the depth of the skin injury is important. It is important 
to be specific when describing wounds. Adjectives used to modify estab-
lished terminology (e.g., “severe,” “bad,” or “not bad”) should be avoided. 
Use phrases or classification with known meaning whenever possible.

Helpful adjectives used in characterizing a wound include the following:
1. Open or closed: Used most commonly in association with a fracture. If 

the skin is open to a fracture, it is considered open. This same phraseol-
ogy is important in treating lacerations close to joints and some tendon 
injuries.

2. Clean or contaminated: Generally, a kitchen knife would be consid-
ered clean as compared with a saw blade picked up from a farmyard 
workbench.

20 Acute Wrist and Hand 
Injuries
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3. Tidy or untidy: The margin of a laceration can be so ragged as to 
prevent repair. In the hand (the same applies to the foot and face), this 
can preclude tensionless wound closure and thus necessitate advanced 
wound management methods.

4. The Gustilo classification specifies soft-tissue injury severity in conjunc-
tion with an open fracture and is as follows.1,2

Type I represents a low-energy injury with an open lesion of less than 1 cm.
Type II represents an open laceration greater than 1 cm with moder-

ate soft-tissue injury.
Type III represents an open laceration greater than 1 cm with exten-

sive soft-tissue damage and is further subdivided into three types:
Type IIIA: adequate soft-tissue coverage
Type IIIB: inadequate soft-tissue coverage
Type IIIC: associated with arterial injury

C. Patient’s habits and addictions. Without doubt, the most important 
habit to be aware of is the patient’s habit of following medical advice. 
This is particularly important in children, and the emergently consulted 
physician has a known responsibility to enable timely follow-up care. 
Most hand and wrist injuries requiring consultation from an orthopaedic 
specialist will need early (2 to 14 days) follow-up, and failure to ensure 
this care may result in disability. Other habits of importance include the 
following:
1. Tobacco use disorder. In addition to being an established diagnosis 

(ICD-9 = 305.12), this problem will impact bone healing (known) as 
well as other tissues (skin, tendon, nerve) (suspected).

2. Recreational drug use. Impaired patients will place stresses on casts 
and dressings such that the medical repairs may fail. In some circum-
stances, hospital admission with appropriate consults is required.

D. Systemic illness. Illness that compromises immune function is a common 
reason for delayed recovery after hand/wrist injury. In addition, diseases 
such as rheumatoid arthritis or advanced osteoporosis will impact the result 
from injury and the type of treatment that can be chosen.

 II. HISTORY

A. Where and how did the injury occur? As noted earlier, record the location 
of the injury and its mechanism. This is important for two basic reasons. 
First, you need to know the cleanliness of the wound and how much energy 
was applied to the tissues. Second, you need to record the where (work, 
home, motor vehicle accident, etc.) and how (an allegedly defective tool, a 
reported assailant, etc.) because the first examining document will be used 
henceforth as the “truth.” Thus, your written history should contain few adjec-
tives and only known facts.

B. How did the patient become aware of the injury? Some injuries will 
present after the suspected injury occurred. In these instances, recording 
additional facts related to the patient’s presentation is important.



Chapter 20 • Acute Wrist and Hand Injuries  3 4 9

C. Pain
1. Location. Be specific. Use anatomic descriptors. Try to avoid use of “medial 

and lateral” and numbering the digits (due to misinterpretations). The sec-
ond finger is not the index but the middle. Thus, do not use number refer-
ences for fingers as too many physicians and most lay people mistake the 
index for the second finger (which it is not). Use the following terms: radial 
and ulnar; dorsal and volar; thumb, index, middle, ring, and small finger.

2. Qualities. Phrases such as “really bad pain” are meaningless. Words such 
as burning, radiating, and tingling may be helpful in detecting/isolating 
a nerve injury, whereas words such as deep, constant, and throbbing may 
be associated with an infection.

D. Numbness
1. Location (similar to C.1). Describe the anatomic location of the numb-

ness using precise words (e.g., the radial border of the ring finger). These 
phrases will hopefully be anatomically possible and serve to isolate the 
nerve difference. Patients describing anatomically unlikely numbness 
are occasionally seeking secondary gain. In the presence of lacerations 
or acute injuries, nerve dysfunction should be evaluated by assessment 
of 2-point discrimination and documentation of same. Patients may not 
appreciate lack of sensation until later; it is important to document sen-
sory disturbance prior to initial treatment. Too often “sensation intact” 
means the examiner did not perform a detailed examination.

2. Qualities. As in C.2, specificity is important. In addition, record fre-
quency and inciting factors (e.g., the numbness occurs when I am driv-
ing for 20 minutes or more).

E. Range of motion. Specific ranges to be recorded are demonstrated in 
Fig. 20-1 and summarized in Table 20-1.

Idealized numbers are inserted. The key to a successful examination is 
to measure both sides in the affected areas.
1. Active. Active motion helps to document the integrity of tendons and 

the stability/congruity of joints.
2. Passive. Differences and similarities between active and passive motions 

can help to document/differentiate several conditions, for example, 
disrupted tendons (active will be low/absent and passive will be high/
normal) and stiff joints (active will be low and passive will be low).

F. Strength. Generally, the international classification for muscle strength is 
used. Thus, a muscle can be graded from 0 (flaccid and no evidence of in-
nervation) to 5 (normal). However, specific strengths are often measured in 
the hand and forearm and compared over time.
1. Pinch strength. Measured with a “pinch gauge” and recorded in pounds 

or kilograms.
a. Key. Thumb to side of index or middle finger (strong, used for 

rotation).
b. Chuck. Thumb to pulp of two fingers (strong and moderately precise).
c. Tip. Thumb to one finger pulp (weakest and most precise).
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2. Grip strength. Measured with a “dynomometer” and recorded in pounds 
or kilograms.
a. Can be recorded in several setting diameters and useful to “quantify” 

malingering as well as recovery over time. Normal grip strength 
follows a bell-shaped curve due to use of intrinsics, both extrinsic 
and intrinsic motors, and finally extrinsic muscular function as the 
dynomometer setting is increased from lower to higher settings.

 III. PHYSICAL EXAMINATION

A. General
Beyond skin, the hand has three primary functions: sensation, movement, and 
cosmesis. Nerves, bones and joints, and tendons and muscles all play an impor-
tant role in determining the outcome after injury and care.

TABLE 20-1 Normal Hand and Wrist Motion

Motion: Active (passive)  Right  Left
Supination (occurs at distal radioulnar 
joint)

90 (90) Same

Wrist flexion (occurs at radiocarpal 
and midcarpal joints)

70 (90) Same

Wrist extension (occurs at radiocarpal 
and midcarpal joints)

70 (90) Same

Wrist radial deviation (occurs at 
radiocarpal and midcarpal joints)

20 (30) Same

Wrist ulnar deviation (occurs at 
radiocarpal and midcarpal joints)

40 (50) Same

Finger abduction and adduction 
(occurs at MCPJ, index to small)

20 (20) Same

Finger base extension and flexion 
(occurs at MCPJ, index to small)

10 (30) Same

Thumb and finger individual joint 
extension and flexion

0–90 (10, extension 
to 100, flexion)

Same

Thumb palmar abduction 45 (45) Same

Thumb opposition (how close to small 
finger base)

0 cm; able to touch 
base of small finger

Same

Thumb radial (planar) abduction 45 (45) Same
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B. Region specific examination
1. Distal radioulnar joint. This joint works in combination with the 

proximal radioulnar joint to guide the rotation of the distal radius 
around the ulnar head (distal portion of the ulna). Fig. 20-2 demon-
strates this important motion.
a. Muscle. The pronator quadratus muscle originates immediately 

proximal to the distal radioulnar joint (DRUJ). It has a deep and 
superficial head and helps to stabilize and pronate the forearm. The 
muscle is innervated by the terminal branch of the anterior interos-
seous nerve. The muscle can be injured in conjunction with distal 
radius fractures.

Figure 20-2. The axis of rotation of the radius with respect to the ulna, with the center of the 
axis of rotation being aligned beginning at the center of the radial head and ending near the center 
of the distal part of the ulna. Rotation is guided by the interosseous membrane and the trian-
gular fibrocartilage. (From Peimer CA, ed. Surgery of the Hand and Upper Extremity. New York,  
NY: McGraw-Hill; 1996, with permission.)



Chapter 20 • Acute Wrist and Hand Injuries  3 5 3

b. Tendon. The extensor carpi ulnaris (ECU) (sixth dorsal extensor 
compartment) and the extensor digiti minimi (fifth dorsal extensor 
compartement) tendons run alongside and dorsal to the ulnar head. 
Occasionally, the tendon sheath will tear, and the ECU tendon can 
become unstable. Also, a lax or irregular DRUJ can damage the ex-
tensor digit minimi tendons, such as in the setting of Vaughn Jackson 
ruptures with rheumatoid arthritis. Otherwise, no direct attachment 
of tendon to the joint occurs.

c. Joint/bone. The DRUJ is interesting. It is a “roll and slide” joint. 
Considerable variance in design occurs. What is universally true is 
that an unstable DRUJ is uncomfortable or painful. When the joint 
does not work well, it usually results in a loss of supination. An un-
usual but possible injury to the joint would be dislocation without 
fracture in either the volar or the dorsal direction. Twenty percent of 
the stability of this joint is conferred by the bony congruency.3

d. Triangular fibrocartilage complex (TFCC). First described in 
1981, the TFCC is the major ligamentous stabilizer of the distal 
radioulnar joint and the ulnar-carpus joint.4

Within this triangular complex is cartilaginous material that may 
be injured either acutely (e.g., from a fall onto an outstretched hand) 
or chronically (e.g., from overuse with the wrist in an ulnar-deviated 
position such as with the use of a computer mouse). Patients with 
ulnar-sided wrist pain that is made worse with compression (analo-
gous to hyperflexion of the knee when assessing for meniscal tears) 
may have a TFCC injury.

e. Nerve and vessel. A rare but reported injury is entrapment of the 
ulnar nerve and/or ulnar artery after reduction of a completely dislo-
cated DRUJ. This would generally require a complete separation to 
occur between the radius and the ulnar head, but could also occur in 
a young child who could fracture through the physeal plate and in 
combination with a fracture just proximal to the ulnar head. In any 
event, the important point is to carefully assess nerve function before 
and after reduction maneuvers and carefully account for any change 
in function after reduction.

2. Wrist
a. Muscle. Indirectly and directly, muscles arise from the wrist. Specifi-

cally, the thenar and hypothenar muscles arise from the transverse 
carpal ligament (thenars) or the hook of hamate and the pisiform 
(hypothenars). Function of these muscles can be reduced in com-
bination with injuries to their attachments. This would include an 
indirect injury to the attachments of the transverse carpal ligament 
such as would occur with a trapezial fracture, scaphoid tubercle frac-
ture, or pisiform fracture.

b. Tendon. Tendons do not attach directly to any of the main seven 
carpal bones (the pisiform is a sesamoid and not a true carpal bone; 
the flexor carpi-ulnaris does surround the pisiform). However, the 
flexor carpi-radialis does appear to attach indirectly by way of a 
sheath to the scaphoid tubercle and consequently transfer a flexion 
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vector to the scaphoid. Also, the wrist and its adjacent soft tissues act 
as a guide for both the flexor and the extensor tendons. Specifically, 
the carpal canal guides the thumb and finger flexors as well as the 
median nerve. The extensor retinaculum (Fig. 20-3, the wrist exten-
sor compartments one to six) stabilizes the finger extensors immedi-
ately proximal to the radio-carpal joint and acts as both a pulley for 
these motors both in extension as well as radial and ulnar deviations. 
Fractures or lacerations affecting tendons in this area often result in 
significant stiffness. This may be the result of many structures being 
injured as well as a consequence of tendons in this area possessing a 
large excursion. Thus, any loss of tendon glide will be noticeable.

c. Joint/bone. Motion of wrist depends upon ligament control of two 
rows of bones affected by muscles attaching to bones at varying dis-
tances distal to the wrist. This arrangement is similar to the ankle. 
However, nonobvious ligament tears (normal X-rays and nonspecific 
magnetic resonance imaging [MRI] scans) can significantly disable 
the normal wrist. This is often the result of a disconnection occurring 
between the proximal and the distal carpal rows. This type of disconnec-
tion can occur without obvious bone injury. Usually, injury to the 

Figure  20-3. Arrangement of extensor tendons at the wrist into six compartments: dor-
sal and cross-sectional views. (From Seiler JG III. Essentials of Hand Surgery. Philadelphia,  
PA: Lippincott Williams & Wilkins; 2002, with permission.)
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scapholunate interosseous ligament is the cause of such an injury. 
However, bone injury can produce the same effect upon the wrist, 
and the most common fracture causing wrist instability is a scaphoid 
waist fracture. Finally, although not frequently causing wrist instabil-
ity, distal radius fractures can cause ligament injury in addition to 
causing joint surface irregularity and/or poor fit with resultant joint 
capsular stiffness.

d. Nerve and vessel. Close proximity of three sensory (radial, median, 
and ulnar) and two motor (median and ulnar) nerves can result in 
nerve compression symptoms. Actual direct injury to the nerves is rare.

3. Proximal hand
a. Muscle. The base of the hand is the site of attachment for extrinsic 

(muscles originating from the forearm) wrist extensors, flexors, and 
deviators as well as the thumb abductor. Also, the hand base is the 
origin of the hand intrinsics. Destabilization by fracture of the hand 
base or metacarpal shafts can be made significantly worse by muscle 
tone. Splinting attempts to neutralize these forces.

b. Tendon. The finger extensors are adjacent to the dorsal metacarpal 
bone surface. Thus, in addition to acting as a shortening force, the 
extensors can be injured or entrapped by displaced metacarpal frac-
tures. Tendons overlying dorsally angulated mid shaft fractures are 
the most at risk.

c. Joint/bone. Two joints are involved in the proximal hand separated 
by the metacarpal shaft. The proximal joint varies from the near 
universal motion thumb base to the effectively immobile second and 
third carpometacarpal (CMC) joints. The distal joint is remarkable 
for its unicondylar, multiaxial shape. Distally, the bone shape allows 
some radial-ulnar laxity that is reduced to none as the metacarpalpha-
langeal joint (MCPJ) moves into flexion and the collateral ligaments 
tighten. An interesting note: the metacarpal epiphyseal plate is distal 
in the second to fifth fingers and proximal in the thumb.

d. Nerve and vessel. Immediately distal to the volar aspect of CMC 
joints, the ulnar and the median nerve splits into its common digital 
nerve components. In this same region, interconnections between the 
radial and ulnar arteries through the deep and superficial arches occur. 
Significant swelling, displacement, or lacerations can result in loss of 
vascular injury.

4. Fingers
a. Muscle. The fingers do not contain any muscle tissue.
b. Tendon. The fingers are balanced by an intricate arrangement of 

flexor and extensor tendons. Fig. 20-4 depicts the complex balance 
achieved by the extrinsic and intrinsic extensors. The apparent key 
finger extension occurs at the proximal interphalangeal joint (PIPJ). 
At this level, the intrinsic tendons transit from volar to dorsal and 
rely upon thin, easily injured, retinacular structures to maintain their 
position. Closed injury to these structures with progressive loss of 
PIPJ and increasing fixed extension at the distal interphalangeal joint 
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are the hallmarks of the developing boutonniere deformity. Fig. 20-5 
illustrates the anatomy of the flexor pulleys. These pulleys guide the 
flexor tendon and its surrounding tenosynovial sheath during mo-
tion of the flexor tendons. Injuries involving the flexor pulleys can 
result in scarification to the tendons themselves even without tendon 
laceration. Perhaps more importantly, the pulleys enclose a space 
that is easily infected after a puncture wound and can serve as a path 

Figure 20-4. Extensor apparatus over the dorsum of the digits. (From Seiler JG III. Essentials 
of Hand Surgery. Philadelphia, PA: Lippincott Williams & Wilkins; 2002, with permission.)
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for infection into the palm and, in the case of the small finger and 
thumb, into the wrist and forearm (see V.A).

c. Joint/bone. Unlike the more proximal unicondylar MCPJs, the 
finger interphalangeal joints are bicondylar and uniaxial. This 
configuration results in a joint that is stable throughout the axis 
of rotation. Theoretically, this results in a more stable arrangement 
for pinch and grip activities. However, this lack of rotational toler-
ance also means that small changes in rotation of a finger may be 
easily noticed and interfere with adjacent digit function. Fig. 20-6 
illustrates the problem associated with rotational deformity of a 
finger. Thus, the key deformity to rule out when evaluating a fin-
ger fracture is rotational over- or underlap. Because one role of the 
fingers is grasp/pinch and release, it is apparent that stable joints 
are essential. But, ligament injuries to the fingers and thumb are 
common. One such injury is a “skier’s” or “game-keeper’s” thumb. 
As illustrated in Fig. 20-7, this injury may be a partial sprain or 
can result in complete disruption of the ulnar collateral ligament 
at the MCPJ and require surgical repair. Critical points to note on 
the physical examination include presence or absence of the “Stener 
lesion,” a palpable mass that represents the detached UCL, which 
has extruded through the aponeurosis and is unable to heal; absence 
of a firm endpoint suggesting complete tear. Integrity of the proper 
collateral ligament is assessed in 30° of flexion, whereas the integrity 
of the accessory collateral ligament is assessed in neutral. Similar 
injuries can occur at the PIPJ of the fingers and occasionally overlap 
with complete dislocations. In all such patients, three view X-rays 
of the digit (not just hand) should be obtained and a congruent 
joint reduction should be present.

Figure 20-5. The annular and cruciate pulleys of the flexor tendon sheath. (From Seiler JG 
III. Essentials of Hand Surgery. Philadelphia, PA: Lippincott Williams & Wilkins; 2002, with 
permission.)
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A

B
Figure 20-6. A: When the 
digit is flexed, the defor-
mity is quite apparent. B: 
Active finger flexion gen-
erates malrotation of ring 
finger with digital overlap-
ping. (From Seiler JG III. 
Essentials of Hand Surgery. 
Philadelphia, PA: Lippincott 
Williams & Wilkins; 2002, 
with permission.)
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Figure  20-7. Rupture of ulnar collateral ligament of the metacarpophalangeal joint of the 
thumb. (From Seiler JG III. Essentials of Hand Surgery. Philadelphia, PA: Lippincott Williams 
& Wilkins; 2002, with permission.)
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d. Nerve and vessel. The nerves and blood vessels are situated imme-
diately adjacent to the flexor tendons and maintained in position by 
dorsal (Cleland) and volar (Grayson) fascial “ligament-like” tissue. 
Isolated injuries to the nerve and vessel do occur and are sometimes 
described as cuts with excessive bleeding. However, restoring blood 
flow is almost never an issue because of sufficient redundancy from 
the remaining blood vessel, whereas single nerve injuries can be prob-
lematic and require repair when the injury involves pinch surfaces 
and or border digits. For central digits, nerve repair is elective and 
oftentimes performed only to manage painful neuromas.

 IV. SPECIFIC INJURIES

A. Wrist
1. Tendon and nerve. Nerve and tendon injuries in this region are uncom-

mon (flexor zone 5). Some of the injuries in this region are self-inflicted, 
and for this reason, the patient’s mental and psychological status should 
always be carefully evaluated. As long as blood flow to the hand is 
adequate, repair of nerve and tendon tissue in this region is urgent, but 
not emergent. Thus, initial care should focus on wound/tetanus status, 
skin closure, medical care, and mental health status clearance.

2. Joint. Patients with pain and a history of significant load (e.g., fall while 
rollerblading) whose X-ray are normal often have a real ligament injury. 
The most common of these is injury to the scapholunate ligament. Ob-
taining a PA or supinated anteroposterior (AP) X-ray with a “clenched 
fist” may demonstrate separation of these bones not seen on standard 
films; however, it is important to compare with the contralateral side 
films if an injury is suspected. Immobilization and close follow-up must 
be ensured for suspected injury. Early MRI or MR arthrogram might be 
valuable, but should be ordered only by the specialist. A specialist may 
be able to detect the ligament tear with less expensive tests (e.g., clinical 
examination, plain radiographs, or fluoroscopic examination).

3. Bone. Three bone injuries occur commonly.
a. Dorsal triquetral avulsion fractures. This may be the most com-

mon wrist fracture. Fortunately, treatment is symptomatic, and 
fractures that have not healed and remain painful can be excised. 
Radiographs should be inspected to ensure that carpal alignment is 
normal. Patients may be treated symptomatically in a cast or splint 
for a period (4 weeks) until they become asymptomatic.

b. Scaphoid fractures. Many scaphoid fractures are hard to “see” ini-
tially. Some of these fractures are actually related to serious ligament 
sprains. Regardless, all high-energy wrist injuries, without a clear 
diagnosis, should be immobilized, and follow-up should be arranged 
with a physician in 7 to 14 days. Original X-rays should include four 
views of the scaphoid (including a specific “scaphoid” or “navicular 
view” with the wrist in ulnar deviation to elongate the view of the 
bone). Follow-up X-rays would be similar. Continued pain without 
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diagnosis might warrant an MRI. Clinical findings concordant with 
a scaphoid fracture include pain at the anatomic snuffbox (high sen-
sitivity, low specificity), soft-tissue swelling, pain or tenderness over 
the scaphoid tubercle, and tenderness with longitudinal compression. 
Scaphoid waist fractures are the most common while proximal pole 
fractures have the highest risk of nonunion due to blood supply is-
sues. Immobilization should be in a thumb spica splint or cast. There 
is continued debate about whether the elbow should be immobilized 
as well in a long-arm thumb spica splint or cast; either seems to be 
acceptable. There is an increased emphasis on screw fixation of most 
displaced fractures.

c. Distal radius fractures. Most of these fractures are obvious. During 
initial evaluation, the function of the DRUJ and the median and 
ulnar nerve should be evaluated, as well as the status of the surround-
ing skin and soft tissue. Initial-care focus is to splint the fracture with 
sufficient alignment and stability so as to allow comfortable finger, 
elbow, and shoulder motion. The original splint should immobilize 
the wrist and the elbow with the forearm in neutral rotation and the 
wrist in neutral flexion/extension. The splint should not block fin-
ger or thumb flexion/extension and should end at the distal palmar 
crease. An ideal splint is the “sugar-tong” splint. This is a dorsal and 
volar splint fabricated with one continuous slab of material traversing 
from the distal palmar crease volarly across the wrist, forearm, and 
elbow and extending dorsally across the dorsal forearm and wrist, 
with opening at the side to allow for swelling. This type of splint 
immobilizes the wrist and forearm (pronation and supination), but 
allows some elbow flexion and extension and full digital range of mo-
tion. Patients who cannot be pain stabilized so that home discharge 
(prior to more definite care) can be accomplished may be developing 
compartment syndrome or acute carpal tunnel syndrome. In either 
case, emergent specialty consultation is needed.

4. Amputation. Fortunately, traumatic amputation at the wrist level is 
rare. Surprisingly, results of replantation at this level are better than 
those seen at the mid palm or with multiple digits. The keys to success-
ful management are as follows:
a. Cooling (floating) the injured part in ice water. Do not place the 

part directly onto ice
b. Antibiotics and tetanus administration
c. Systemic fluid balance
d. Transfer to a qualified specialist

B. Hand
 NOTE: USE ABSORBABLE SUTURES FOR SKIN CLOSURES ON 
CHILDREN, NAIL BED INJURIES, OR FINGERTIP INJURIES.

1. Skin. Surface burns from cold or heat exposure require tetanus and 
antibiotic treatment. All blisters should be left intact. In addition to 
sterile dressings, the hand should be splinted in a functional position. 
In the case of frostbite, current guidelines recommend rapid rewarming. 
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Evolving guidelines involve antithrombolytic agents, especially for 
frostbite.

2. Nail plate and pulp. Infections are common in the hand and fingernail. 
Do not confuse herpetic whitlow and its vesicles with actual paronychia 
and associated cellulitis. Drainage of a herpes infection can result in a 
superinfection with bacteria. When herpes is suspected in an individual 
in contact with others, the patient must be isolated until the lesions have 
resolved. Bacterial infection in this region is either around the nail or 
in the pulp tissues (felon). Felons are hardest to treat. Fig. 20-8 depicts 
a felon. The need to drain the entire pulp is emphasized. Noninfec-
tious problems in this area include simple subungual hematomas from 
trauma. Drainage of the hematoma through the nail plate usually results 
in complete and immediate relief of the pressure pain.

3. Tendon
a. Flexor. Flexor tendon lacerations are surgical urgencies. Diagnosis 

should be made based on functional loss after a trauma. Some  
important injuries (avulsion of the distal end of the flexor digitorum 
profundus) can occur without a laceration. This may occur when a 
grasping hand is suddenly pulled away from an object (jersey finger). 
Failure to make an early diagnosis of a flexor tendon injury may pre-
clude a good result. Thus, after a finger/hand laceration or a sud-
den pull-away injury, the key diagnostic step is an active motion 

Figure 20-8. Drainage of a felon using a midlateral incision. Complete division of the verti-
cal septae should be performed. (From Seiler JG III. Essentials of Hand Surgery. Philadelphia,  
PA: Lippincott William & Wilkins; 2002, with permission.)
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examination at all joint levels and not wound exploration. It is 
essential to test finger flexion with the nonaffected fingers in full 
extension. Then test the affected finger without further obstruc-
tion and with forced extension at the PIP so as to isolate both the 
profundus tendons and the superficialis tendons, respectively. Once 
a flexor tendon laceration is diagnosed or suspected, immediate refer-
ral to a hand specialist is recommended. A flexor repair should not 
be completed in the emergency department. Almost always, a skin 
laceration over or near a suspected tendon laceration should be closed 
before the patient is discharged from the emergency department. 
The patient should be referred to the specialist within 1 to 5 days for 
planning of the delayed tendon repair.

b. Extensor. Extensor tendon lacerations must be urgently managed if 
they involve the joint. Because of the close proximity of the MCPJ, 
PIPJ, and DIPJ to the tendon, it is possible to contaminate the joint 
while only partially disrupting the tendon’s function. Any laceration 
that may have contaminated the joint deserves a tourniquet-controlled 
examination and complete irrigation. Lacerations in the extensor region 
not involving the joint do not always require direct repair. Occasion-
ally, an extensor repair can be completed in the emergency department. 
Lacerations that can be seen to involve extensor tendon but do not 
alter active function (partial tendon lacerations) should be cleaned 
and closed without placement of sutures into tendon. If a definite 
(at least 10°) active extension loss distal to the observed laceration is 
documented, consultation with a specialist should be completed before 
discharge from the emergency department. Almost always, a skin lacera-
tion over or near a suspected tendon laceration should be closed before 
the patient is discharged from the emergency department.

4. Nerve. Nerve injuries in the distal arm region are common. Unless they 
are present in conjunction with a devascularized arm, nerve injuries 
can be managed on a delayed basis. The most common nerve injury by 
frequency is a digital nerve laceration. When these occur, the ipsilateral 
digital artery will often be damaged. In this situation, the volume of 
bleeding is often the concern. Do not attempt to cauterize or “tie 
off” the bleeding vessel. The close proximity of the artery to the nerve 
makes greater damage to the nerve almost a certainty. Thus, in the case 
of a finger laceration with bleeding uncontrolled by pressure and time 
expert exploration of the wound with proper lighting, instruments, and 
magnification is appropriate. The keys to satisfactory outcome after 
nerve injury in the finger are more related to not missing any associated 
flexor tendon lacerations and not over-managing initial bleeding thereby 
creating a larger nerve injury. Many digital nerve injuries are never re-
paired and yet the patient functions satisfactorily.

5. Joint. An overlap between ligament and joint injuries in the fingers ex-
ists. The small size of the joints accounts for this fact. Fig. 20-9 depicts a 
common fracture pattern in the DIPJ of a finger. However, in this injury, 
the fracture fragment is large enough so as to destabilize the joint. This 
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destabilization is obvious because a line drawn through the diaphyses of 
one phalanx no longer bisects the adjacent phalanx. In this example, the 
fragment must be reduced to achieve a congruent and stable joint. A simple 
and universal rule is that the joint surface must have equal space between 
the bony elements at any joint at any location in both a true AP and lat-
eral X-ray. If the distance between bone elements is not equal, the joint is 
unstable. One common exception to this statement does exist: This is the 
bony mallet deformity. Such an injury is similar to Fig. 20-9 in that a por-
tion of the distal phalanx is fractured. However, mallet deformities (with or 
without a bony fragment) differ from Fig. 20-9 because they do not result 
in volar or dorsal migration of the remainder of the phalanx. Initial treat-
ment of all mallet deformities is a neutral extension splint (Fig. 20-10).

6. Bone. Overlap between bone and joint injuries is common as men-
tioned above. One further overlap is discussed below (fight bites in V.B). 
Four more common fracture conditions exist.
a. Boxer’s fracture. Fig. 20-11 depicts a common result of pugilistic ac-

tivity. The fracture shown is at the proximal margin of the metacarpal 
neck and is almost a diaphyseal fracture. This is an important point. 
Because boxer’s fractures occur in the neck (immediately proximal to 
the metacarpal head/joint), significant flexion deformity can be ac-
commodated. The exception to this is in the rare cases when the digits 
involved are the index or middle fingers (typically the small finger is 
affected). Thus, open operative treatment is rarely indicated. There 
are two keys for successful outcome when managing a boxer’s fracture:

 i. Do not overlook a puncture wound/open fracture.
 ii.  Do not miss a rotational deformity. To exclude rotational defor-

mity, the finger must be gently flexed at the MCPJ, and grip flex-
ion posture must be examined and compared with the adjacent 
digits and the contralateral hand.

Figure 20-9. Bony mallet fracture with joint subluxation that will require reduction and stabi-
lization. (From Seiler JG III. Essentials of Hand Surgery. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2002, with permission.)
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b. Thumb base fracture and small finger base fracture. Axial load applied 
to the border of the hand can result in fracture subluxation at the finger 
base. Any such fracture is unstable. Almost all such fractures require op-
erative stabilization. The key to successful treatment is early recognition. 
When treated early, a closed reduction and pinning is usually sufficient. 
Delay in treatment by as little as 1 week can necessitate open reduction 
and a more complicated management program. Thus, the first examiner’s 
job is diagnosis. In the case of the thumb, it is easier to obtain a revealing 
X-ray. Along the ulnar border of the hand, it is usually necessary to obtain 
several oblique X-rays before a diagnosis can be made or excluded.

c. Phalangeal fractures. Fractures at the base or in the mid shaft of the 
phalanx are tricky. Many of these fractures have significant angular 
and/or rotational differences. Oblique films in combination with 
standard anteroposterior X-rays are often more helpful than lateral 
X-rays, which could be confusing because of overlapping digits. 
Regardless, measurement of rotational difference by clinical examina-
tion and shortening of the bony length by X-ray examination are the 
key facts to be considered when planning for treatment. Unless, the 
fracture is essentially nondisplaced with zero rotational deformity, 
early referral to a hand specialist is recommended.

d. Splint placement. One of the common problems seen after initial 
hand fracture care by specialist physicians is poor splint technique. 
The key to good splint placement is maintaining fully lengthened lig-
aments. In the hand, this is translated to 70° to 80° of MCPJ flexion 

Figure 20-10. A: Mechanism. Due to the extensor apparatus lesion, the distal phalanx flexes 
by effect of the flexor profundus tendon. The proximal stump of the distal conjoined extensor 
tendon retracts in a proximal direction and consequently the lateral bands are slack initially and 
later contract and displace dorsally. Due to the concentration of the extension forces over the 
middle phalanx, the PIP joint is progressively set in hyperextension. B: Various splints (dorsal 
padded aluminum splint, volar padded aluminum splint, concave aluminum splint). Dorsal 
padded aluminum splint allows adjustable fixation of the DIP joint. (From Peimer CA, ed. 
Surgery of the Hand and Upper Extremity. New York, NY: McGraw-Hill; 1996, with permission.)

A

B
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and no more than 10° of PIPJ and DIPJ flexion. Such a splint is 
illustrated in Fig. 20-12. By maintaining fully lengthened ligaments, 
the physician reduces adjacent joint stiffness following fracture care.

7. Amputation. Thankfully, amputations have become less common in 
conjunction with enhanced product safety and public education. None-
theless, they still do occur. Single digits cut in flexor zone 2 should almost 
never be replanted. A whole arm might be replanted, but to do so is life 
threatening. Guidelines for replantation include the following:
a. Almost any child (not tip injuries as these seem to reform naturally); 

adolescents are considered adults
b. Almost any thumb
c. Multiple digits
d. Whole hand
e. Digit in flexor zone 1 with clean bony injury

Figure  20-11. A “boxer’s fracture” that can be treated with closed reduction and splinting  
in approximately 4 weeks. (From Seiler JG III. Essentials of Hand Surgery. Philadelphia,  
PA: Lippincott Williams & Wilkins; 2002, with permission.)
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 V. PEARLS AND PITFALLS

A. Injection injury. Fig. 20-13 depicts the mechanism of injection injury. 
This seemingly innocuous original injury should not be overlooked. Failure 
to treat can result in death and at least near loss of limb function. Even with 
emergent care, the outcome of treatment is uncertain. Emergent care by a 
specialist is mandatory. The keys to diagnosis are as follows:
1. Injury history. Use of a high-pressure injector is often revealed.
2. Examination. One or several small puncture wounds with more proxi-

mal tenderness or swelling is evident.
3. Pain. The pain is seemingly greater than the wound would account for.

B. Fight bites. This injury is often overlooked. Sometimes this will occur in 
conjunction with a boxer’s fracture. The patient may not provide an accurate 
history, and substance abuse in this situation is common. Look for a small 

Figure 20-12. Hand dressing: “safe” position of fingers. (From Seiler JG III. Essentials of Hand 
Surgery. Philadelphia, PA: Lippincott Williams & Wilkins; 2002, with permission.)

Figure 20-13. Palmar wounds at high pressure may spread into the proximal forearm. (From 
Seiler JG III. Essentials of Hand Surgery. Philadelphia, PA: Lippincott Williams & Wilkins; 
2002, with permission.)
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laceration overlying the joint that usually communicates to the joint if the 
finger is brought into a fist position. Flexing the fist during laceration exami-
nation is the key to identifying these patients. Treatment includes tetanus, 
antibiotics, complete wound cleansing, placement of a wound drain, and 
delayed closure.

C. Compartment syndrome. In addition to all the normal places, compart-
ment syndrome can occur in the hand. Tight fascial compartments sur-
rounding the hand’s intrinsic musculature can swell after injury and cause 
muscle ischemia. Diagnosis is suspected when pain is increasing and passive 
motion is becoming more difficult. Sensory change may not occur because 
of nerve anatomy being outside of the pressurized area. Pressure monitoring 
and occasional surgical release may be needed.

D. Scaphoid fracture and scapholunate ligament tears. Often, these are 
diagnoses of suspicion. Almost no patient has been made worse by tem-
porary splinting and early follow-up with a specialist. Whenever a patient 
presents after a significant injury mechanism (fall onto an outstretched 
arm), the patient should not be discharged without follow-up even in the 
face of normal X-rays. Appropriate follow-up does not require a specialist, 
but does require a care provider familiar with the nuances of significant 
wrist sprains and scaphoid fractures mimicking a mild wrist contusion 
during the first 4 to 12 weeks of recovery.
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21
 I. BASIC EXAMINATION

A. History. As with any medical problem, the history of events leading up 
to the patient’s visit to the physician with an upper extremity problem is 
critical. The history should contain family history, social history, personal 
medical history unrelated to the musculoskeletal system, infectious disease 
history, and risk behavior history. Some additional key facts to record in-
clude the following:

1. Handedness. Is the patient right- or left-hand dominant?
2. Work-relatedness. If the patient believes a problem is related to work 

or a series of events, it is the physician’s job to document the patient’s 
beliefs. The physician can do this by “quoting” the patient exactly. It 
is not the physician’s job or duty to question the veracity of a patient’s 
complaint.

3. Mechanism of onset. Record the details of the incident or accident as 
completely as possible. This is particularly relevant for motor vehicle 
accidents. Record details such as whether the patient was in the car, 
whether the air bags were deployed, whether the steering wheel was 
bent (particularly if the injured person was the driver), and the amount 
of damage done to the car.

4. Date of most recent tetanus booster. This is important with any direct 
trauma. Do not assume that another first examiner has resolved this 
issue.

B. Physical examination
1. General. At first glance, the upper extremity is a mirror of the lower. 

But, several key differences are obvious:
a. The shoulder has more freedom of motion and is consequently less 

stable than the hip.
b. The “patella” of the elbow is fused to the ulna as the olecranon. 

However, it performs a similar function to the patella in that it in-
creases the “lever arm” for the attached muscle (triceps in the arm, 
quadriceps in the leg).

c. The elbow and wrist participate equally in guiding forearm rotation 
(supination and pronation). A similar motion is not available in the 
lower extremity.

d. The wrist has more motion and less bony stability than the ankle.

Nonacute Elbow, Wrist, 
and Hand Conditions
Matthew Putnam and Julie E. Adams
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e. The fingers are longer in proportion to the palm than the toes in 
relationship to the midfoot.

f. The thumb is longer and is opposable to the digits.
2. Region specifics

a. Elbow
 i. The elbow joint moves in a hinge manner at its articulation 

between the humerus and the ulna. Thus, the ulnar–humeral 
articulation is uniaxial. In addition to its critical role in forearm 
rotation, the radius can transmit load to the humerus in “high-
strength” situations. This issue is even more important if the 
elbow ligaments are injured. In general, the elbow gains minimal 
stability from muscle support and is reliant on ligament support 
to guide joint motion.

 ii. Examination of this joint should document the active and pas-
sive arcs of flexion and extension. Varus (lateral ligament load-
ing) and valgus (medial ligament loading) should be assessed.

 iii. Standard radiographs include anteroposterior (AP) and lateral 
views.

b. Forearm
 i. Rotation of the forearm is guided by bone support at the proxi-

mal and distal radioulnar joints (PRUJ and DRUJ, respectively). 
Additional stability and guidance for this motion is provided by 
the interosseous membrane.

 ii. Examination should record the active and passive arcs of supina-
tion and pronation. Crepitance or pain at the PRUJ or DRUJ 
should be noted. Pain or swelling in the mid-forearm should be 
assessed.

 iii. Standard radiographs include AP and lateral views.
c. Wrist

 i. The wrist moves in a multiaxial manner. The carpus is divided 
into proximal (scaphoid, lunate, and triquetrum) and distal 
(hamate, capitate, trapezoid, and trapezium) rows. Some of the 
key intercarpal articulations have more easily described relation-
ships (the scaphoid moves relative to the lunate in flexion and 
extension). However, taken as a whole, the wrist is multiaxial 
and its motion is highly dependent on ligament function. There 
is no direct attachment of an extrinsic (forearm based) muscle 
or tendon to the bones of the proximal wrist. Thus, these bones 
(scaphoid, lunate, and triquetrum) are 100% dependent on liga-
ment integrity for function.

 ii. Examination should record passive and active arcs of flexion, 
extension, radial deviation, and ulnar deviation. Obvious pain or 
crepitance should be recorded as specifically as possible.

 iii. Standard radiographs include posteroanterior (PA) or AP and 
lateral views. If the scaphoid is the focus of attention, AP and 
lateral views of the scaphoid should be specifically requested. The 
AP view should be obtained with the wrist in ulnar deviation 
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to capture the scaphoid in full profile. These are oblique to the 
normal PA and lateral views of the wrist.

d. Hand
 i. The hand contains uniaxial (interphalangeal), multiaxial- 

stabilized (metacarpal phalangeal), and multiaxial-unstabilized 
(first and fifth carpometacarpal [CMC]) articulations. Thus, 
these joints have varying degrees of ligamentous or muscle sta-
bility requirements. For example, the proximal interphalangeal 
joint of the index finger is dependent on ligament support. 
Whereas, the index finger’s metacarpophalangeal joint can be 
partially stabilized by hand intrinsic muscle support.

 ii. Examination should record active and passive arcs of flexion and 
extension for all joints. Thumb examination should additionally 
include ability to abduct (palmar and radial), adduct, retropulse 
(extend), and oppose. Joint stability should be tested and any 
masses or tenderness noted.

 iii. Standard radiographs include PA and lateral views. Note: To 
obtain a lateral view of a finger, the adjacent digits need to be 
moved aside. Similar to the scaphoid, “normal” thumb views are 
oblique to the hand.

 iv. Note: Always examine the opposite or unaffected side. This is 
particularly important when assessing stability.

 II. DEVELOPMENTAL DIFFERENCES

A. Developmental birth conditions
1. Radial agenesis. Absence of the radius can be full or complete. Occa-

sionally, this longitudinal deficiency is accompanied by thumb agenesis. 
An even more rare condition is presence of the radius and absence of 
the ulna. In either event, stability of the wrist is compromised. The 
deformity is often characterized with a “club hand.” The absence of 
the radius would then be termed a radial club hand. Full assessment of 
this condition requires complete assessment of the child to include re-
nal, cardiovascular, neural, and other musculoskeletal regions (shoulder, 
elbow, and hand). If the child has associated anomalies, correction of the 
deformity at the forearm carpal articulation may actually compromise 
function. Thus, any direct treatment must consider the whole forearm 
and carpal articulation.

2. Syndactyly
a. This is the most common congenital hand condition (1 in 2,000 

live births). The cause is not known. It is divided into simple (soft-
tissue joining of two or more digits with no associated bone or joint 
anomaly) and complex (joining of two or more digits to include soft 
tissue and bones or joints) categories. Further subdivision is possible on 
the basis of the length of the syndactyly. Complete syndactyly involves 
the whole length of the finger, whereas incomplete syndactyly does 



3 7 2   M A N U A L  O F  O R T H O P A E D I C S

not. Simple syndactyly is often completely correctable. The complex 
differences, however, can occur in combination with other congeni-
tal differences (Apert syndrome).

b. In general, surgical correction of this difference should be performed 
as soon as is anesthetically feasible. Correction of a multiple finger 
difference is done in stages. Limitations of correction are often re-
lated to digital blood supply; usually, full-thickness skin grafts are 
required at surgery.

3. Polydactyly
a. This difference is classified into preaxial duplication (involve-

ment of the thumb), central duplication (index, middle, or ring 
involvement), and postaxial duplication (small finger involvement). 
Postaxial duplication has a clear genetic component and is seen in 
as many as 1 in 300 live births. Correction of this difference usually 
involves excision. The degree of duplication and joint involvement 
determines the complexity of the procedure.

b. Treatment methods for thumb duplication generally focus on exci-
sion of an unstable duplicate thumb. Duplication of the thumb has 
been characterized to occur in at least seven different patterns. The 
outcome of thumb reconstruction depends on the ability to create a 
thumb of appropriate length, rotation, stability, and mobility and to 
integrate the thumb into the child’s daily routine. It is on this basis 
that earlier correction is generally recommended.

4. Madelung deformity. First described by Malgaigne in 1855 and later 
by Madelung in 1878, this difference of growth related to the distal 
epiphysis of the radius is believed to be congenital in nature, although 
it is usually not noted before adolescence. It is a rare, genetic condition 
transmitted in an autosomal dominant pattern. Because of incomplete 
growth of the radius, the clinical presentation may be prominence of 
the ulnar head (distal ulna). Alternatively, abnormal forearm rotation 
may be the presenting complaint; pain may not be a component. The 
method of surgical correction (shortening of the ulna versus lengthening 
of the radius) is less important than the goal of obtaining and preserving 
stable, painless forearm rotation with full and unrestricted use of the 
wrist.

5. Brachial plexus
a. The brachial plexus comprises a coalescence of cervical and upper 

thoracic spine nerve roots. It traverses the space between the neural 
foramina and the infraclavicular regions where it again separates into 
individual nerves. Birth injuries relating to the brachial plexus are 
thought to represent an avulsion or stretch of the upper (Erb), lower 
(Klumpke), or both aspects (combined) of the brachial plexus. These 
injuries occur generally in the process of vaginal delivery of the child.

b. Critical to the examination of any child with a presumed brachial plexus 
lesion is verification of normal shoulder bony anatomy. The physician 
should document this by way of physical examination, and shoulder 
radiographs confirming the shoulder (glenohumeral joint) is located.



Chapter 21 • Nonacute Elbow, Wrist, and Hand Conditions  3 7 3

c. Occasionally, a child with nothing more than a fractured clavicle 
(birth related) will be mistaken to have a brachial plexus injury. 
Thus, it is important to include the clavicle in the physical examina-
tion of the infant. Generally speaking, a single AP chest radiograph 
suffices to detect such a fracture in the neonate.

d. Management of brachial plexus injuries at birth should include the 
following:

 i. Documentation of glenohumeral joint status (located)
 ii. Documentation of passive mobility of all upper extremity joints, 

including cervical spine mobility
 iii. Documentation of observed active motion in shoulder, upper 

arm, elbow, forearm, wrist, and hand
 iv. Initiation of twice-daily active-assisted “whole-arm” mobiliza-

tion program to be completed by the care team or parents
 v. Plan for follow-up examination on a frequent interval to verify 

understanding and completion of passive and active-assisted 
exercises and available joint motion (both passive and active—
looking for change or improvement)

e. The prognosis for many brachial plexus injuries is for complete or 
near complete recovery. Children whose function remains compro-
mised are evaluated and occasionally operated upon within the first 
6 to 18 months of age. The treating physician who cannot document 
substantial improvement early (,6 months of age) should arrange 
further evaluation by an upper extremity specialist.

B. Delayed presentation of developmental differences
1. Cerebral palsy

a. Patients with cerebral palsy constitute the largest group of pediatric 
patients with neuromuscular disorders. The frequency varies from 
0.6 to 5.9 patients per 1,000 live births. Difficulties related to this 
problem persist into adulthood. However, unlike many neuromus-
cular disorders, this condition does not progress. Relative progression 
of the disorder may occur in relation to growth, weight gain, or onset 
of degenerative change. However, any real progression should cause 
review of the original diagnosis. Generally, the problem relates to 
prenatal, natal, or early postnatal brain injury. The injury can express 
itself in a wide pattern, ranging from single limb to whole body in-
volvement. Two clinical types of injury are seen:

 i. Spastic type—represents an injury to pyramidal tracts in the 
brain. Exaggerated muscle stretch reflex and increased tone are 
seen.

 ii. Athetoid type—probably a lesion in the basal ganglia. Con-
tinuous motion of the affected part is present; this type is more 
rare.

b. Diagnosis is the first component of treatment. In cases with lesser 
involvement, diagnosis may not be obvious until the child fails to 
reach normal motor milestones or has difficulty with coordinated 
tasks. In some cases, the diagnosis is suspected because of early 
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“under-use” of a part. For example, a child does not have a strong 
hand preference before 18 months of age.

c. Treatment of cerebral palsy should always focus on functional im-
provement. Surgery generally has a cosmetic benefit, but the initial 
goal should be to improve a specific function. Intelligence and sen-
sory awareness of the child are the two biggest determinants for func-
tional improvement after surgery. Improvements of arm function 
are possible by improvement in the position of the shoulder, elbow, 
forearm, wrist, hand, and thumb. Three of the more successful sur-
geries are release of an internal rotation/adduction spastic contracture 
involving the shoulder, release/rebalancing of a flexed and pronated 
spastic wrist/forearm, and release/rebalancing of a thumb into palm 
deformity.

 III. ACQUIRED NONACUTE DYSFUNCTION OF THE ELBOW, WRIST, AND 
HAND

A. Nerve. Nerve tissue is responsible for communication in two directions be-
tween the brain and the external environment (peripheral). Like the brain, 
nerve function is highly dependent on oxygen. Although depolarization of a 
single axon is energy independent, repolarization of the axon is dependent on 
adenosine triphosphate to run the Na+/K+ pump to “recharge” the axon po-
tential. Thus, although local loss of O2 will not cause death of the peripheral 
axon cell body, local loss of O2 will affect the ability of the axon to conduct 
information. This change in conduction is generally transient, depending 
on O2 availability. However, frequent episodes of reduced O2 can produce 
permanent change in function. Common sites for nerve  dysfunction to oc-
cur in the arm are the carpal canal (median nerve), the cubital tunnel (ulnar 
nerve), and the arcade of Froshe (posterior interosseous [PIN] branch of the 
radial nerve).
1. Carpal tunnel syndrome

a. Fig. 21-1 depicts the carpal tunnel as seen from end on. The carpal 
tunnel is seen to be formed by the three bony borders of the carpus 
(trapezium, lunate, and hook of hamate) and the transverse carpal 
ligament. As such, it is a defined space with a fixed volume. Changes 
in the fixed volume can occur as a result of actual changes in the 
bony outline resulting from late effects of trauma or arthritis. Also, 
relative change in volume available can be the result of mass effect 
occurring from tendon or muscle swelling or synovitis, presence of 
an anomalous muscle, or presence of an actual mass (e.g., lipoma). 
The patient with reduction in available volume is less able to tolerate 
or accommodate increases in pressure within the carpal canal. Thus, 
in patients with reduced carpal canal volume, provocative maneuvers 
such as Tinel (tapping or percussion of a nerve in a specific location), 
Phalen (flexion of the wrist causing indirect nerve pressurization), 
or Durkin compression test (manual pressure by examiner on the 
median nerve) are more likely to be positive.
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b. Presenting complaint is most commonly pain in the median nerve 
distribution. Pain is often exacerbated at night or by specific activi-
ties.1 As the syndrome advances, numbness occurs in the distribution 
of the median nerve. Weakness of the thenar muscles with associated 
wasting is a late stage event.

c. Laboratory testing. Radiographs to check for degenerative joint 
disease (DJD) or old fractures are occasionally of benefit. The most 
widely accepted diagnostic method is electrodiagnostic testing (elec-
tromyogram/nerve conduction velocity [EMG/NCV]). This test can 
document slowing of nerve conduction and early muscle denerva-
tion. The EMG is most sensitive test if the symptoms have been 
present for at least 1 month. Given the association of hypothyroid-
ism and rheumatologic disorders, testing of the thyroid stimulating 
hormone and rheumatoid factor (RF) should be strongly considered. 
Finally, carpal tunnel syndrome (CTS) is very common in preg-
nancy, and symptoms frequently resolve after delivery.

d. Treatment of CTS focuses on relief of pain. Initial therapy can 
include medication to relieve pain and swelling (nonsteroidal anti-
inflammatory drugs [NSAIDs]), splint support, and exercises to 
increase mobility. No test or study has shown definite value for 
NSAIDs in the management of CTS, except as they are related to 

Ulnar volar quadrant
Ulnar artery

Pisiform

Abductor digiti minimi

Hook of hamate

3rd common sensory
branch (of ulnar nerve)

Communicating
branch of ilnar nerve

(variably present)

Flexor digitorum
profundis tendons

Flexor digitorum
superficialis tendons

Flexor policis longus tendon

Flexor carpal radialis tendon

Median nerve

Palmaris longus tendon

Transverse carpal ligament

Superficial palmar arch

Figure 21-1. The carpal tunnel is bounded by bone on three sides and by the ligament (trans-
verse carpal) on one side. Guyon canal overlies the ulnar side of the carpal tunnel. The median 
nerve lies in the radial volar quadrant of the carpal canal. Generally, it is immediately below or 
slightly radial to the palmaris longus.
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relief of pain. An injection of corticosteroid into the carpal tunnel 
may be effective. There is some benefit from vitamin B6 and C oral 
therapy.

e. Surgery for relief of CTS symptoms is generally successful, with 
patient satisfaction exceeding 95% and complications less than 1%. 
The surgery can be completed by various methods (open surgery 
versus percutaneous or arthroscopic-assisted release) without a clear 
benefit to one method versus another, as long as complete longi-
tudinal division of the transverse carpal ligament is achieved along 
the ulnar half.1–4 Return to unrestricted activity after CTS surgery 
requires 4 to 8 weeks.

2. Cubital tunnel syndrome
a. The cubital tunnel is formed by the bony borders of the medial 

epicondyle and medial ulna and overlying soft-tissue constraints 
including the entrance between the ulnar and the humeral head of 
the bipennate flexor carpi ulnaris. It is a defined space with a fixed 
volume. Changes in the fixed volume can occur as a result of actual 
changes in the bony outline as a result of late effects of trauma or 
arthritis (osteoarthritis or rheumatoid arthritis). Relative change in 
volume available can be the result of mass effect occurring from 
tendon and muscle swelling or synovitis. Laxity of the soft-tissue 
supporting structures can allow the ulnar nerve to migrate out of the 
cubital tunnel and over the medial epicondyle during flexion. This 
motion is often referred to as subluxation of the ulnar nerve and 
produces a “Tinel-like” distal sensory disturbance.

b. Presenting complaint is most commonly pain in the distribution of 
the ulnar nerve distribution.5 Pain is often exacerbated at night or by 
specific activities. As the syndrome advances, numbness occurs in the 
distribution nerve. Weakness or atrophy of the hypothenar muscles 
is a late stage event.

c. Laboratory testing (thyroid function tests and RF) and radiographs 
(DJD, old fractures) are occasionally of benefit. The most widely 
accepted diagnostic test method is electrodiagnostic testing (EMG/
NCV). This test can document slowing of nerve conduction and 
early muscle denervation. Again, the EMG is most sensitive if symp-
toms have been present for at least 1 month.

d. Treatment of cubital tunnel syndrome focuses on relief of pain.6 
Initial therapy can include medication (NSAIDs) to relieve pain and 
swelling, provision of anti-elbow flexion splint support or pad, and 
exercises to increase mobility. No test or study has shown definite 
value for NSAIDs in the management of cubital tunnel syndrome, 
except as related to relief of pain.

e. Surgery for relief of cubital tunnel symptoms is substantially less suc-
cessful than surgery for relief of CTS. The surgery can be completed 
by various methods (small versus large surgical exposure) without a 
clear benefit to one method versus another as long as the point of 
observed nerve compression is released.7 The patient returns to unre-
stricted activity 12 to 24 weeks after surgery.
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3. PIN compression/others
a. The PIN branch of the radial nerve travels through a defined space 

with a fixed volume. The tightest region of this space is formed by a fas-
cial connection at the proximal margin of the two heads of the supina-
tor muscle in the proximal forearm (arcade of Froshe). Changes in the 
fixed volume can occur as a result of actual changes in the bony outline 
that result from late effects of trauma or arthritis. Relative change in 
volume available can be the result of mass effect occurring from tendon 
and muscle swelling or synovitis, presence of an anomalous muscle, or 
presence of an actual mass (e.g., lipoma). The most common cause of 
nerve irritation in this region is believed to be the result of thickening 
of the facial margin in response to time (age) and stress.

b. Presenting complaint is most commonly pain in the general region 
of the supinator muscle. Pain is often exacerbated at night or by spe-
cific activities. As the syndrome advances, numbness does not occur. 
Weakness of the PIN innervated muscles with associated wasting is a 
late stage development.

c. The most widely accepted diagnostic test method is electrodiagnos-
tic testing (EMG/NCV). PIN compression with this test is of sub-
stantially less benefit when compared with other nerve compression 
syndromes. Nonetheless, it shows muscle denervation in some cases.

d. Treatment of PIN syndrome focuses on relief of pain. Initial therapy 
can include medication to relieve pain or swelling (NSAIDs) and 
exercises to increase mobility. Splints may exacerbate the problem if 
placed over the nerve. Wrist splints to reduce load on wrist extensors 
(the wrist extensors cross over the supinator) are occasionally helpful. 
As with the other nerve compression syndromes, no test or study has 
shown definite value for NSAIDs in management of PIN syndrome.

e. Surgery for relief of PIN symptoms is substantially less successful 
than surgery for relief of CTS. Various surgical approaches have been 
described. The arcade of Froshe is identified and released. Return to 
unrestricted activity after surgery requires 12 to 24 weeks.

4. Others. Nerve compression can essentially occur wherever a nerve exits 
or enters a fascial plane/transition zone. The foregoing are the most 
common sites. Knowledge of extremity anatomy will aid the student in 
assessing other sites of suspected nerve entrapment.

B. Muscle and tendon. Muscles and tendons work together to generate and 
transmit force. The effect of load transfer depends on stable points of origin 
and insertion. Thus, at least three locations of function failure are appar-
ent1: bone-muscle origin,8 muscle-tendon junction,9 and tendon—bone 
insertion. An example of each is provided.

1. Bone-muscle origin interface failure: lateral epicondylitis (Fig. 21-2)
a. Failure of the muscle origin of forearm extensors (lateral) or flexors 

(medial) is a common condition. The condition is uncommon in 
youths or persons of advanced age. It is occasionally seen in conjunc-
tion with working activities. Most often, the condition begins after a 
period of repetitive stress.
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Figure  21-2. A: The path of 
the extensor carpi radialis brevis 
(ECRB) from lateral epicondyle 
to the base of the third metacarpal.  
B: The center of the epicondyle 
is the usual pain foci. C: Injec-
tion of lidocaine at the painful 
site. This should eliminate the 
pain. The injection is into the 
muscle origin, below the fascia.  
D: Postinjection strength testing 
usually reveals greater strength af-
ter pain is eliminated (successful 
injection). (From Putnam MD, 
Cohen M. Painful conditions 
around the elbow. Orthop Clin 
North Am. 1999;30(1):109–118, 
with permission.)
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b. Presenting complaint is usually pain focused at the muscle origin. 
Resisted use of the muscle aggravates the condition. The pain usually 
subsides with rest. Swelling is rarely present; no mass is seen with this 
condition. Range of motion may be uncomfortable, but a full active 
or active-assisted range of motion should be possible.

c. Laboratory testing is of no particular value. Screening roentgeno-
grams may be obtained, but are generally normal for age. An injection 
test may be of confirmatory benefit.9 This is performed as outlined 
in Fig. 21-2. In this situation, the hope is that a precise injection of 
lidocaine with steroid into the area of extensor origin will eliminate 
or significantly alleviate the pain.

d. Treatment of epicondylitis focuses on reducing the stress at the 
interface. Although the name implies, inflammation studies have 
shown actual tendon macro and micro fiber failure with little in the 
way of inflammatory cells. Theoretically, if the stress is low enough, 
the healing process can succeed in healing the injured interface. Thus, 
use of splints (Froimson barrel or forearm band) to reduce the load 
on the injured muscle origin, massage to increase the blood supply 
for healing, and stretching exercises to increase muscle excursion are 
all measures that are likely to provide success. The value of injections 
versus oral NSAIDs, rest, and splint support has not been clarified.

2. Muscle-tendon pathway failure results in trigger finger, trigger thumb, 
and de Quervain tenosynovity.
a. The junction between a specific muscle and its tendon is a potential 

site of failure. However, failure or pain at this location is uncommon 
in the upper extremity. Achilles tendinitis represents a condition oc-
curring in the lower extremity. A similar condition does not occur in 
the upper extremity with any frequency. Problems along the tendon 
pathway, however, do occur.

b. Commonly referred to as trigger digits, snapping of flexor tendon 
function caused by bunching of the flexor synovium at the annular 
one (A1) pulley does occur. This condition is seen more often in 
older patients, although a congenital version is also common. The 
condition occurs more often in patients with diabetes. Patients with 
active tenosynovitis (rheumatoid arthritis) may have a condition that 
is often confused for tendon triggering. But, rheumatoid arthritis and 
synovitis in other patients can be distinguished from true trigger digit 
by the inability to obtain complete active flexion. This is the result 
of too much synovium “blocking” the active flexion of the digit (the 
excursion of the flexor tendon is blocked). In the case of de Quervain 
tenosynovitis, the problem is focused within the first dorsal extensor 
compartment of the wrist. The pathophysiology is the same, but this 
condition results in pain and crepitus along the tendon rather than 
triggering. The problem and degree of discomfort varies with time of 
day and activity.

c. Clinical diagnosis of trigger dysfunction is made on the basis of pain 
or tenderness, crepitance, and locking focused at the A1 pulley of a 
specific digit.
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d. Laboratory studies are essentially within normal limits. Radio-
graphic studies are not generally useful. In the case of de Quervain 
tenosynovitis, a special clinical test (Finkelstein) is routinely per-
formed. Finkelstein test is positive if ulnar wrist deviation combined 
with thumb adduction and flexion of the metacarpal phalangeal joint 
reproduces the patient’s complaint of pain.

e. Treatment of trigger digit and de Quervain synovitis includes rest, 
stretching exercises, steroid injection into the tendon sheath, and 
surgical release of the tendon sheath.3–8,10 If conservative care fails, re-
sponse to supportive modalities is variable. In up to 60% of patients, 
the condition resolves after steroid injection.11 Surgical release of the 
sheath is thought to be 95% effective in those who fail to respond to 
lesser treatments.12

3. Tendon—bone insertion failure results in mallet finger and biceps 
rupture.
a. Failure at the distal point of muscle action can occur as a result of attri-

tion or age-related change, or excessive load. Occasionally, both methods 
are involved. Patients are usually seen for diagnosis soon after the failure 
occurs. Pain is usually less an issue than is weakness or dysfunction.

b. These conditions are diagnosed on the basis of findings observed 
on clinical examination. Laboratory studies and roentgenographic 
findings are generally normal, the exception being when the extensor 
tendon involved with a Mallet finger pulls off a piece of the proximal 
aspect of the distal phalanx (thus, a “bony Mallet”). Larger tendon 
ruptures can be further clarified using magnetic resonance imaging 
(MRI) if there are unclear physical findings.

c. Treatment is based on the ability to reposition the specific insertion 
and maintain this in a resting position. For the terminal extensor-
mallet finger, 6 weeks of a conservative DIP extension splint treat-
ment is generally successful.8,13 Conversely, distal biceps ruptures will 
not heal without surgery because the tendon cannot be reliably po-
sitioned. However, because the muscle is a supporting elbow flexor 
(not the only elbow flexor), patients who do not require forceful 
supination (the biceps is the prime supinator) may choose to forego 
repair (and tolerate the functional limitations).

C. Joint. Painless, stable joint function is maintained by a combination of 
healthy cartilage, retained shape of the joint surface, ligamentous integrity, 
and muscle/tendon strength. Change in any of these four factors begins 
a process of increasing joint wear and dysfunction. Aging alone causes 
changes in the surface of the joint that accelerate wear. Most arthritic con-
ditions of the arm are a combination of load, genetics, and history. How-
ever, it is occasionally possible to point to a single event many years earlier 
that has gradually led to joint dysfunction. Processes such as rheumatoid 
arthritis are usually the sole cause of dysfunction. Even in these diseases, 
isolated or cumulative trauma can play a role.
1. Thumb CMC (Fig. 21-3), wrist, and elbow DJD occur with decreas-

ing frequency. Thumb CMC DJD may be the most common site of 
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Figure 21-3. A,B: Loss of normal space between the metacarpal and the trapezium typical of 
basilar joint thumb arthritis. C: After trapezial resection and stabilization of the first to second 
metacarpal, a new space for thumb carpometacarpal motion has been “created.”

A

C

B
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arthritic presentation. In any of the upper extremity sites, the most com-
mon presenting complaint is pain. To the degree that a specific joint is 
unstable, incongruous, or both, motion and stress aggravate symptoms. 
Certain activities and prior injury may predispose to arthritis, but un-
derlying genetics is likely the most predominant cause.

2. Diagnosis is a combination of history, examination, laboratory study, 
and plain radiographs. MRI or computed tomography (CT) methodol-
ogy is rarely useful. Most patients complain of pain after activity that is 
relieved by rest. Oral NSAIDs are of some benefit. However, care must 
always be taken with long-term administration of these medications, 
particularly in elderly patients.

3. Treatment begins with supportive splints and hot/cold modalities. 
Hand-based flexible splints are particularly helpful for thumb CMC.

4. At some point, many patients can no longer “tolerate” the pain. This 
is the time to consider surgery. Unlike the lower extremity, upper 
extremity arthritic surgery can offer patients reliable joint rebuilding 
procedures without resorting to joint replacements. An example of such 
an excisional arthroplasty is shown in Fig. 21-4. Such procedures report 
greater than 90% success rate relative to pain relief.

5. In the event that first-stage arthritic procedures do not work, newer 
and increasingly durable total joint replacement options are becoming 
available for the elbow, wrist, and the proximal interphalangeal joints.

D. Bone. Skeletal support is essential for function of the legs and arms. As 
such, immediate change (fracture) or gradual change (e.g., avascular necro-
sis and tumor) will alter the function of the arm or leg. Gradual change 
is rarely as painful as acute or fracture change in bone support. This may 
explain the late presentation for treatment of patients whose slow change 
process has progressed to the point at which curative or reconstructive 
treatment is no longer an option. Avascular necrosis of bone is a condition 
in which presentation and diagnosis are often delayed. As such, it is a good 
model to discuss the evaluation of bone pain.
1. Avascular necrosis, Kienböck (lunate) (Fig. 21-4), Presiser (scaph-

oid), and Panner (humeral capitellum) are focal avascular lesions of 
bone seen in the upper extremity. Genetics, overload, endocrine and 
systemic illness, and steroid use may play contributory roles. Patients 
usually have pain in the focal area and, on testing, it is usually possible 
to document a reduction in motion. Age of presentation varies from 
adolescence to late adulthood. Plain radiographs may reveal a change in 
bone density. In more advanced cases, the shape of the bone is altered. 
Change in shape is a precursor to diffuse arthritis.
a. Conservative treatment starts with making a definite diagnosis. This 

is true for any unexplained pain in bone. If the diagnosis confirms a 
focal change in bone vascularity without change in bone shape, initial 
treatment may focus on joint support. However, many patients, par-
ticularly those with Kienböck disease, do not gain sufficient pain re-
lief from splints, and other joint “unloading” treatments are sought.
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Figure  21-4. A: Posteroanterior (PA) wrist radiograph showing “collapse” of the lunate.  
B: MRI study of the same wrist from the same point in time showing essentially no vascular 
signal within the lunate marrow. C: PA wrist radiograph showing the capitate “seated” in the 
lunate fossae after excision of the lunate.

A

C

B

b. Surgical treatments for these processes can be broken down into 
treatments that reduce load on the injured bone segment, debride 
the injured bone segment, or replace/excise the injured bone seg-
ment. These treatments are likely to relieve pain in more than 80% 
of patients; however, full functional recovery rarely occurs.

E. Tumors. The upper extremity is the site of various tumors, many of which 
are rare, some appearing almost exclusively on the hand and the arm, and 
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still others are common to all regions of the body. Although most tumors 
of the upper extremity are benign, few present simple therapeutic problems. 
The close anatomic relation of the tumor to the nerves, vessels, and muscles 
in the upper extremity presents a great challenge to the treating surgeon.
1. Surgeons who treat hand and upper extremity tumors must be fa-

miliar with the wide range of possible diagnoses. Tumors that look 
innocent may not be; every mass should be considered potentially 
dangerous. This section focuses on primary malignant bony tumors of 
the upper extremity: diagnosis, evaluation, pathology, and treatment 
recommendations.

2. Symptomatic tumors, especially those that have increased in size, must 
be diagnosed and then classified as to stage. The patient’s clinical and 
family history, the physical characteristics of the lesion, and diagnostic 
images provide information to determine whether the growth is aggres-
sive and should be “staged.”

3. Diagnostic strategies to accurately stage the lesion should be pursued 
before obtaining a biopsy. Appropriate evaluation includes a detailed 
history and proficient physical examination, imaging, and laboratory 
studies. The history should determine the length of time a lesion has 
been present, associated symptoms, and any incidence of family history. 
Physical examination requires detailed evaluation of the entire limb and 
testing, especially for sensibility, erythema, fluctuance, range of motion, 
tenderness, and adenopathy.

4. There are a few lesions that have significant associated blood chemis-
try changes. These include the elevated sedimentation rate of Ewing 
sarcoma and the serum protein changes in multiple myeloma. Serum 
alkaline phosphatase is elevated in metabolic bone disease and in some 
malignancies. A serum immunoelectrophoresis determines whether 
multiple myeloma is present.

5. Imaging further aids in determining the location of the tumor and the 
presence or absence of tumor metastasis. There are various imaging 
techniques that are useful tools.
a. Plain films and tomography. Radiographs are of great importance 

in the diagnosis of bone tumors. Excellent technique is required to 
ensure good resolution of bone and adequate soft tissue surrounding 
the lesion. Plain films are the benchmark in predicting presence and 
location of bone involvement. Tomography or CT affords improved 
resolution.

b. MRI has recently developed as one of the more important tools for 
diagnosing bone tumors. It offers excellent delineation of soft-tissue 
contrast as well as the ability to obtain images in axial, coronal, 
and sagittal planes. In addition, MRI can visualize nerve, tendon, 
and vessels, and with advanced protocols, cartilage can also be 
evaluated.

6. Classification of lesions. Correct treatment must always take into con-
sideration the location and size of the tumor, the histologic grade and 
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clinical behavior, and the potential for metastasis. If a lesion increases in 
size or becomes symptomatic, or if the physical or radiographic appear-
ance suggests an aggressive lesion, appropriate staging studies including 
a tissue diagnosis (biopsy) must be obtained.

7. Specific tumors
a. Benign

 i. Lipoma. This common tumor occasionally presents in the hand 
or wrist as a firm mass within a nerve or vascular passageway. As 
such, it may be associated with CTS. Its nature may be suspected 
on the basis of clinical examination alone (mass). To understand 
its dimensions and relationship to adjacent tissues, an MRI scan 
is usually only obtained when there is concern regarding rela-
tionships to nerve and blood vessels. Excision (marginal) is the 
treatment of choice.

 ii. Enchondromas (Fig. 21-5) of the hand are common; they are 
sometimes multiple and often present after a fracture. Initial 
treatment in this circumstance is aimed at satisfactory fracture 
healing. They can clinically be confused with osteochondromas. 
Radiographic examination easily differentiates the two processes, 
as the enchondroma is contained within the bone and can create 
an expansile deformity while the osteochondroma is contiguous 
with a portion of the surface of the bone. Most randomly identi-
fied lesions can be observed; any lesion associated with pain or 
increasing size in adulthood should be more carefully studied. 
Treatment is either observation or intralesional excision. Oc-
casionally, previously benign lesions recur or undergo malignant 
transformation (Fig. 21-5). Any such lesion should be biopsied 
and carefully considered for wide excision.

b. Malignant
 i. Melanoma. The hand, wrist, and forearm are common sites of 

melanoma. Any change in a pigmented lesion warrants biopsy.
 ii. Osteosarcoma and chondrosarcoma. Malignant bone le-

sions do occur in the arm. Most distal lesions are likely to 
represent degenerative change of benign processes (Fig. 21-5). 
Any bone or enlarging soft-tissue mass must always receive a 
complete evaluation (staging and biopsy) leading to a definitive 
diagnosis.

8. Metastasis. Lesions from elsewhere appearing as metastasis are the most 
common form of malignancy in the hand. This should be kept in mind, 
particularly for the patient who is not known to have a malignancy and 
whose lesion is not in keeping with local origin. A search for the primary 
tumor is appropriate.

F. Other factors: Workmen’s compensation. The hand is often the first tool 
in and last tool out of a dangerous situation. As such, it is the frequent 
site of workplace injuries.14 Not all injuries are clearly documented. It is 
the physician’s responsibility to remain the patient’s advocate while at the 
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Figure 21-5. A: PA radiograph showing 
bone changes consistent with multiple en-
chondromas. B: Longitudinal section of 
the small finger. Pathology seen was con-
sistent with low-grade chonorosarcoma. 
C: Preoperative clinical photo showing 
multiple digit enlargements. In this case, 
the patient noted rapid enlargement of 
the small finger during several months be-
fore surgery. (From Putnam MD, Cohen 
M. Malignant bony tumors of the upper 
extremity. Hand Clin. 1995;11(2):265–
286, with permission.)
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same time remaining an objective observer. Occasionally, these tasks are in 
conflict. Three simple rules apply in these situations:
1. Remain a dispassionate recorder of medical facts
2. Search for an accurate diagnosis
3. Offer no treatment without a specific diagnosis
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22
 I. PELVIC RING DISRUPTIONS

Pelvic ring disruptions are a common cause of death associated with trauma, 
with head injuries being the most common cause.1–3 Approximately two-thirds 
of pelvic fractures are associated with other fractures and injuries to soft tissues. 
The fatality rate from pelvic hemorrhage with current management techniques 
ranges from 5% to 20%.4,5 If a patient presents with signs and symptoms con-
sistent with shock, the mortality rate increases to 57%.6 In the acute setting, 
early mortality in patient with pelvic fractures occurs as a result of hemorrhage. 
Multisystem organ failure is the more common cause of death in the subacute 
setting (after 24 hours).7

 II. PELVIC ANATOMY AND STABILITY

The pelvis is a ring that consists of the bony architecture (sacrum, ilium, is-
chium, and pubic) and ligaments that provide rotational and vertical stability. 
The anterior pelvic ring provides approximately 40% of the stability. Disrup-
tion of the pubis symphysis and the pelvic floor (sacrospinous, sacrotuberous) 
ligaments will result in rotational instability. The posterior pelvic ring provides 
60% of the stability. Disruption of the posterior bone–ligamentous complex 
can result in vertical instability. A stable pelvis can be defined as one that will 
withstand normal physiologic forces without abnormal deformation (mobiliza-
tion without significant displacement or deformation).8

Most pelvic ring injuries are stable fractures that can be treated nonopera-
tively with protected weight bearing and early mobilization. The stable pelvic 
fractures are often low-energy mechanism, such as a fall from a standing height 
in an elderly patient, and are usually isolated injuries. The unstable pelvic frac-
tures are less common, but they raise greater concern because of the increased 
morbidity and mortality associated with them. Unstable pelvic fractures are 
often a result of high-energy injury such as motor vehicle accident or fall from 
significant height. Patients with unstable pelvic fracture are often polytrauma 
patients presenting with associated head, chest, abdomen, and extremity in-
juries. The pelvic fracture may require early temporary stabilization with an 
external fixator or pelvic binder as part of the resuscitation care and then defini-
tive surgical fixation to provide stability and avoid deformity.

 III. CLASSIFICATION OF PELVIC FRACTURES. Numerous systems have 
been proposed, but the Tile classification system is the most widely used.9 
This classification is based on the stability and mechanism of injury. The 
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TABLE 22-1 Substances of Pelvic Fractures

Type A: Stable
A1 Fractures not involving ring; avulsion injuries

A1.1 Anterior superior spine
A1.2 Anterior inferior spine
A1.3 Ischial tuberosity

A2 Stable, minimal displacement
A2.1 Iliac wing fractures
A2.2 Isolated anterior ring injuries (four-pillar)
A2.3 Stable, undisplaced, or minimally displaced fractures of the pelvic ring

A3 Transverse fractures of sacrum and coccyx
A3.1 Undisplaced transverse sacral fractures
A3.2 Displaced transverse sacral fractures
A3.3 Coccygeal fracture

Type B: Rotationally unstable; vertically and posteriorly stable
B1 External rotation instability; open-book injury

B1.1 Unilateral injury
B1.2 ,2.5 cm displacement

B2 Internal rotation instability; lateral compression injury
B2.1 Ipsilateral anterior and posterior injury
B2.2 Contralateral anterior and posterior injury; bucket-handle fracture

B3 Bilateral rotationally unstable injury

Type C: Rotationally, posteriorly, and vertically unstable
C1 Unilateral injury

C1.1 Fracture through ilium
C1.2 Sacroiliac dislocation or fracture–dislocation
C1.3 Sacral fracture

C2  Bilateral injury, with one side rotationally unstable and one side vertically 
unstable

C3 Bilateral injury, with both sides completely unstable

From Tile M. Pelvic ring fractures: should they be fixed? J Bone Joint Surg Br. 1988;70(1): 
1–12, with permission.

Young–Burgess classification system has expanded on this work by adding a 
combined mechanism notion.1

A. Tiles Classification: Types
1. Type A: stable
2. Type B: rotationally unstable, but vertically and posteriorly stable
3. Type C: rotationally and vertically unstable

B. Subtypes that have important influences on treatment are presented in 
Table 22-1 and illustrated in Figs. 22-1 to 22-3.
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Figure 22-1. A: Type B1, stage 1 symphysis pubis disruption. B: Type B1, stage 2 symphysis 
pubis disruption. C: Type B1, stage 3 symphysis pubis disruption. (From Hansen ST, Swiont-
kowski MF. Orthopaedic Trauma Protocols. New York, NY: Raven; 1993:228, with permission.)
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C. Fractures of the acetabulum are discussed in Chapter 23.
D. Note for historical purposes that a Malgaigne fracture is a vertical fracture 

or dislocation of the posterior sacroiliac joint complex involving one side of 
the pelvis.

 IV. ASSESSMENT AND EMERGENCY MANAGEMENT

A. Pelvic ring disruptions in a hemodynamically unstable patient require assess-
ment per the advanced trauma life support protocol. It is important to identify 
life-threatening injuries, specifically ruling out other sources of hemorrhage. A 
multidisciplinary team approach has been shown to decrease mortality.8,10,11

1. Pelvic fractures are suspected in patients presenting with pain, swell-
ing, crepitus, or tenderness over the symphysis pubis, anterior iliac 
spines, iliac crest, or sacrum, but a good roentgenographic examination 

Figure 22-2. A: Type B2 lateral compression injury (ipsilateral). B: Type B3 lateral compres-
sion injury (contralateral). (From Hansen ST, Swiontkowski MF. Orthopaedic Trauma Proto-
cols. New York, NY: Raven; 1993:228, with permission.)
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Figure 22-3. A: Type C1 pelvic injury. B: Type C2 pelvic injury. C: Type C3 pelvic injury. 
(From Hansen ST, Swiontkowski MF. Orthopaedic Trauma Protocols. New York, NY: Raven; 
1993:229, with permission.)
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is essential for diagnosis. Correlation of the mechanism of injury with 
evaluation of the AP pelvis can help determine whether there is a 
stable or unstable pelvic fracture and risk of hemorrhage. Patients with 
these injuries are often unconscious or intubated, so the examination 
for pelvis or lower extremities deformity and open wounds is critical. 
Historically, manual stress examination for stability was recommended. 
However, recent studies identify poor sensitivity for identifying unstable 
pelvic fractures with stress examination.12

2. Mandatory physical examination should include assessing the perineal 
region and performing a rectal, vaginal, and a neurologic evaluation. De-
spite the difficulties involved, a pelvic (in women) and rectal examination 
should be done to check for fresh blood, open wounds, perineal sensa-
tion in a conscious patient, a displaced unstable prostate, and sphincter 
tone. Open pelvic fractures historically have had high mortality rates up 
to 50%. However, in a recent review article, the rate has been reduced 
because of improved treatment to reduce hemorrhage, local infection, and 
sepsis.13 Pelvic fractures frequently are associated with neurologic damage, 
so a careful neurologic evaluation should be done in all patients.

3. Signs of significant pelvic trauma are perineal ecchymosis, laceration, scrotal/
labial swelling, flank ecchymosis, Morel-Lavallee lesion (soft-tissue degloving 
injury).14,15 Beware of associated injuries that include extremities fractures, 
neurologic deficit, urologic, gynecologic, and gastrointestinal systems.

B. Other specific studies. Patients with all but minimal trauma should have 
an indwelling urinary catheter for the dual purposes of measuring urine 
output while the associated shock is being treated and investigating pos-
sible bladder trauma. Urethral and bladder disruptions can be missed in up 
to 23% of pelvic fracture patients on their initial evaluation.16 If there is 
blood at the penile meatus, a retrograde urethrogram should be performed 
before passage of the catheter, which should be preformed by a consulting 
urologist.1,2 Cystogram should be performed if there is concern for bladder 
rupture (gross hematuria or increased red blood cell in the urinalysis).

 V. PELVIC HEMMORHAGE CONTROL AND TEMPORARY STABILIZATION1,5

A. Symptoms and signs. At presentation, approximately 20% of patients with 
pelvic fracture are in shock. Severe backache can help differentiate the pain 
of retroperitoneal bleeding from the pain of intra-abdominal bleeding.

B. Resuscitation. Most causes of hemorrhage are adequately handled by 
rapid replacement and maintenance of blood volume, followed by re-
duction (when appropriate) and stabilization of the fractures. Adequate 
blood replacement is the first priority, and its effectiveness is monitored 
by the patient’s pulse, blood pressure, central venous pressure, and urine 
output. Blood loss of 2,500 mL is common, and blood replacement is 
usually necessary even without evidence of an open hemorrhage. Di-
agnostic peritoneal lavage is a useful test to rule out intra-abdominal 
injury at the site of hemorrhage if imaging studies are unavailable.17 
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Abdominal computed tomography (CT) scan and abdominal ultrasound 
are effective (first) screening tests for this condition.2,5 Other sources of 
bleeding or shock (thoracic, abdominal, open fractures, cardiogenic and 
spinal shock, and hypothermia) should also be considered. In addition to 
resuscitating patients with 2 L of crystalloid and packed red blood cells, 
it is important to correct the impending coagulopathy with fresh frozen 
plasma and platelets.18

C. Temporary pelvic stabilization. Historically, pneumatic antishock gar-
ments (MAST trousers) were used to help reduce the pelvic volume by 
compression of the iliac wings.19 However, these garments are rarely used 
now because of concern for lower extremity compartment syndrome and 
skin necrosis.19,20 Hemorrhage control and pelvic compression (especially 
in the open-book pelvis) can temporarily be achieved with sheets and towel 
clamps or commercially made pelvic binders.4,21,22 The key is to apply the 
sheet over the greater trochanteric region and at the level of the pubis 
symphysis to maximize its effectiveness. The sheet should be as smooth as 
possible and reassessed often to avoid soft-tissue complications.4,21,22 Pelvic 
external fixator placement can help decrease the pelvic volume (tamponade) 
and minimize gross motion (allowing venous clots to stabilize). It allows  
access to the abdomen and groin region by the general surgeon and im-
proves comfort for patient transfer. Pins can be placed in the iliac crest or 
supra-acetabular region through percutaneous or open techniques depending 
on the surgeon’s experience and preference.23–25 A pelvic C-clamp is ideal 
for posterior unstable fractures of the pelvic ring because of the compres-
sion gained across the sacroiliac joints. It requires skill, familiarity with the 
device, and fluoroscopic control.26,27 For those vertically unstable pelvic ring 
injuries, placement of a distal femoral traction pin can be beneficial to help 
with gross realignment of the pelvic ring.

D. Hemorrhage control. The three major sources of pelvic bleed are from 
venous, arterial, and bony surface. Both angiography with selective 
embolization and pelvic packing have been advocated and shown to be 
successful with decreasing mortality.8,10,28,29 However, utilization of these 
two methods varies among institutions, mainly depending on availability 
of angiography and the comfort level of the general and orthopaedic 
surgeons for performing the pelvic packing. Pelvic angiography with 
selective embolization of distal arterial bleeding points with blood clot, 
Gelfoam, or coils has been proven to be useful.8,10,28 Drawbacks include 
excessive time requirements (which can inhibit resuscitative efforts), 
acute renal failure, gluteal muscle necrosis, and postsurgical wound com-
plication. Pelvic packing is more popular in European centers and is be-
ing more commonly used in certain institutions in United States. Pelvic 
packing provides a tamponade effect to stem venous and bony bleeding. 
It is often performed in conjunction with exploratory laparotomy and 
placement of a pelvic external fixator. The operating surgeon needs to 
be experienced in the Pfannenstiel approach to the anterior pelvic ring 
to place sponges in the paravesical and parasacral space to tamponade the 
bleed. The patient should be returned to the operating room in 24 to 
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48 hours, and definitive fixation of the pelvic ring can be performed at 
that time.8,10,28

 VI. IMAGING STUDIES

A. Radiographs. An anteroposterior (AP) view of the pelvis is taken 
routinely in all patients who have suffered severe trauma or who 
complain of pain in and around the pelvic region. After the patient is 
fully resuscitated and hemodynamically stable, dedicated pelvic films 
are indicated, including inlet and outlet pelvic radiographs. The inlet 
view is obtained with a cephalad tilt of about 40° from vertical. The 
outlet view is obtained with a caudad tilt of about 40° from vertical.9,23 
The inlet view provides information regarding anterior or posterior 
displacement of the hemipelvis and rotational deformity. The outlet 
view allows for assessment of superior or inferior displacement of the 
hemipelvis. The sacrum and the sacral forminal are best visualizes with 
the outlet view.

B. CT scans can be most useful in defining posterior ring injuries.1,2,30 Fifty 
percent of sacral fractures are missed on plain radiograph, but they are well 
visualized on CT scans. CT scans assist with determining whether there is 
a partial or complete disruption of the sacroiliac joint, delineating the zone 
of sacral fracture, and picking up possible associated acetabular fractures.

 VII. TREATMENT

A. Tile type A fractures are stable fracture patterns and are treated 
nonoperatively. Physical therapy should be consulted to assist with 
mobilization and prevent complications of prolonged bed rest. As soon 
as the patient can move comfortably in bed, he or she can ambulate 
in a walker and progress to walking with crutches. The fractures are 
through cancellous bone that has good blood supply, and stability of 
the fracture is usually present in 3 to 6 weeks, with excellent healing 
expected within 2 months. The ability to perform a straight leg raise on 
the affected side correlates with independent ambulation, healing, and 
weaning off assistive walking devices. Some patients can expect to have 
lingering lower back pain because of the dense plexus of nerves about 
the sacrum and coccyx that can be injured or irritated. Injuries to this 
area may produce chronic low back pain that may take 6 months to 
1 year to improve.31

B. Tile type B fractures (rotationally unstable, but vertically and poste-
riorly stable) must be treated on an individual basis. Fracture displace-
ments, associated injuries, age of the patient, and functional demands 
should be taken into account.1,5,30 In open-book fractures, disruption of 
the anterior sacroiliac joints and sacrospinous ligaments occurs if there 
is displacement of more than 2.5 cm in the pubis symphysis joint. These 
may be reduced and stabilized by external fixation or plate fixation 
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across the symphysis.23,32 The authors generally prefer plate fixation 
because of the problems with patient comfort, pin tract infection, pin 
loosening, and loss of reduction with external fixation.5,24,33 External 
fixation can be beneficial in situation where the patient is hemodynami-
cally unstable and requires quick temporary fixation to decrease pelvic 
volume and assist with resuscitation. Minimally displaced B1, B2, and 
B3 injuries may be treated conservatively with bed to wheelchair mo-
bilization for 6 to 8 weeks, followed by crutch ambulation with weight 
bearing to tolerance on the side of the pelvis where the posterior ring is 
uninjured or more stable. Internal fixation is used for more widely dis-
placed and unstable injuries.2,23,30 Traction is not recommended because 
of the complications (decubitus ulcer, urinary tract infection, DVT, 
etc.) that occurred with prolong bed rest and the inability to improve 
fracture displacements.

C. Type C minimally displaced isolated injuries, especially those involving 
the ilium, may be treated conservatively as in type B fractures. However, 
patients need to be followed up closely with radiographs on a weekly basis 
for 2 to 3 weeks. If fracture displacement is increasing, reduction and fixa-
tion is indicated. The majority of the type C fractures will require surgical 
fixation to allow stability and early mobilization, especially in polytrauma 
patients. Posterior pelvic ring disruptions (fractures of the sacrum and 
sacroiliac joints) can be managed with closed reduction and percutaneous 
ileosacral screw fixation.2,30 Occasionally, open reduction with plate fixation 
or percutaneous ileosacral screw fixation may be necessary because of the 
wide displacement of the fracture. Definitive management of pelvic ring 
fractures is complex and has the potential for high morbidity because of the 
large population of adjacent neurovascular structures. Thus, patients with 
type C injuries should be referred to an experienced pelvic and acetabular 
surgeon.

 VIII. COMPLICATIONS

A. Complications from associated injuries (e.g., of the bladder, cranium, 
chest, and abdomen)

B. Persistent symptoms from sacroiliac joint instability, including pain and 
leg length inequality

C. Chronic pain patterns from injuries around the coccyx and sacrum and 
sacroiliac joint,25,34 including dyspareunia

D. Persistent neurologic deficit from nerve root injury with L5, S1, and 
distal sacral root injuries most common; erectile dysfunction is common  
in men

E. Pulmonary and fat emboli
F. Infection from bacterial seeding of the large hematomas or from open pel-

vic fractures.15 Injuries to the large bowel are not uncommon.
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Pelvic Ring Fractures

Diagnosis: Anteroposterior pelvic radiograph, inlet–outlet views, physical 
examination, CT scan.

Treatment: Management of hemorrhage, limited weight bearing (6–8 wk) 
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 I. HIP DISLOCATION. Hip dislocation can be simple (without fracture) or complex 
(associated with femoral head, femoral neck, and/or acetabular fractures). High-
energy trauma such as motor vehicle accident or pedestrian-automobile accident is 
often the mechanism of injury due to the inherent stability of this ball and socket 
joint. Advance Trauma Life Support (ATLS) protocols should be followed be-
cause of the high association of fractures and other systems injuries (head, thoracic, 
and abdomen).1 A fracture or fracture–dislocation at the hip can easily be missed 
when associated with an ipsilateral extremity injury. Such an injury emphasizes the 
rule: always visualize the joint above and the joint below the diaphyseal fracture. 
Because injuries about the pelvis can be missed in a seriously traumatized patient, 
most authorities advocate a routine pelvic roentgenogram for all patients involved 
in severe blunt trauma. This injury is viewed as an orthopaedic emergency. In 
general, the sooner the reduction is achieved, the better the end result.2,3 The goals 
are to minimize the complications (femoral head avascular necrosis [AVN], post-
traumatic arthritis, sciatic nerve palsy) that are associated with this injury.4,5

 II. CLASSIFICATION OF DISLOCATIONS

A. Anterior dislocations (Thompson and Epstein) (Fig. 23-1)
1. Obturator
2. Iliac
3. Pubic
4. Associated femoral head fractures (see V)

B. Posterior dislocations (Fig. 23-2)
1. Without fracture
2. With posterior wall fracture (see IV)
3. With femoral head fracture (see V)

 III. ANTERIOR DISLOCATIONS

A. This injury usually occurs in an automobile accident, in a severe fall, or 
from a blow to the back while squatting. The mechanism of injury is 

Hip Dislocations, 
Femoral Head 
Fractures, and 
Acetabular Fractures
Thuan V. Ly and David C. Templeman
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Figure 23-1. An anterior dislocation prior to reduction. (From Bucholz RW, Heckman JD, 
eds. Rockwood & Green’s Fractures in Adults. 5th ed. Philadelphia, PA: Lippincott, Williams & 
Wilkins; 2001; 1547-1578, with permission.) 

forced abduction. The neck of the femur or trochanter impinges on the 
rim of the acetabulum and levers the femoral head out through a tear in the 
anterior capsule. If in relative extension, an iliac or pubic dislocation occurs; 
if the hip is in flexion, an obturator dislocation occurs. In many instances, 
there is an associated impaction or shear fracture of the superior articular 
surface of femoral head as the head passes superiorly over the anteroinferior 
rim of the acetabulum. These injuries are associated with poor long-term 
results.6,7

B. Examination. The initial key examination should include the following: 
the ATLS protocol to look for other injuries, visualizing the position or 
deformity of the leg (anterior or posterior dislocation), documenting the 
neurologic examination (peroneal nerve deficit is most common) before 
reduction, and obtaining an AP pelvis radiograph. On examination with 
an obturator dislocation, the hip is abducted, externally rotated, and 
flexed, but in the iliac or pubic dislocation, the hip may be extended. The 
femoral head can usually be palpated near the anterior iliac spine in an iliac 
dislocation or in the groin in a pubic dislocation. In all patients, one must 
carefully assess the circulatory and neurologic status of the patient before at-
tempting a reduction. The diagnosis is readily apparent on roentgenogram, 
which shows the femoral head out of the acetabulum in an inferior and 
medial position.

C. Treatment. Early closed reduction is the treatment of choice, but open 
reduction may be necessary.4,5 Reduction is optimally attempted under spinal 
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or general anesthesia, which ensures complete muscle relaxation. In the 
multiply injured patient, reduction may be attempted in the emergency  
department with sedation or pharmacologic paralysis. After the airway is 
controlled, initiate strong but gentle traction along the axis of the femur 
while an assistant applies stabilization of the pelvis by pressure on the an-
terior iliac crests. For the obturator dislocation, the traction is continued 
while the hip is gently flexed, and the reduction is accomplished usually 
by gentle internal rotation. A final maneuver of adduction completes the  
reduction, but should not be attempted until the head has cleared the rim of 
the acetabulum with traction in the flexed position. For the iliac or pubic 
dislocation, the head should be pulled distal to the acetabulum. The hip is 
gently flexed and internally rotated. No adduction is necessary. If the hip 
does not reduce easily, forceful attempts are not indicated. Failure to obtain 
easy reduction with the above maneuvers usually indicates that traction 
is increasing the tension on the iliopsoas or closing a rent in the anterior 
capsule, producing a “buttonhole” effect. Forced maneuvers only increase 
the damage. Because the closed reduction may fail, the patient is initially 
prepared for an open procedure. The open reduction can be accomplished 
through a muscle-splitting incision, using the lower portion of the standard 
anterior Smith-Peterson approach. The structures preventing the reduction 
are released. The postreduction treatment is the same as for a posterior 

Figure 23-2. A posterior dislocation prior to reduction.
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dislocation of the hip, except it is important to avoid excessive abduction 
and external rotation.

D. Prognosis and complications. Excellent reviews of hip dislocations have 
been published; anterior dislocations occur in approximately 13% of hip 
dislocations. Early reduction is necessary if a satisfactory result is to be 
obtained, and although the end result is frequently excellent in the child, 
traumatic arthrosis and, occasionally, AVN make the prognosis guarded in 
the adult. Recurrent dislocation is rare in an adult.2,3,6

 IV. POSTERIOR DISLOCATIONS

A. The mechanism of injury is usually a force applied against the flexed knee 
with the hip in flexion, as occurs most commonly when the knee strikes 
the dashboard of an automobile during a head-on impact. If the hip is in 
neutral or adduction at the time of impact, a simple dislocation is likely, 
but if the hip is in slight abduction, an associated fracture of the posterior 
or posterosuperior acetabulum can result. As the degree of hip flexion in-
creases, it is more probable that a simple dislocation is produced.4,5

B. Physical examination reveals that the leg is shortened, internally rotated, 
and adducted. A careful physical examination should be carried out before 
reduction including sensory examination and muscle group motor strength 
grading. Sciatic nerve injury is associated with 10% to 13% of these 
injuries.8,9 Associated bony or ligamentous injury to the ipsilateral knee, 
femoral head, or femoral shaft is not uncommon. When associated with 
a femoral shaft fracture, a dislocation may go unrecognized because the 
classic position of flexion, internal rotation, and adduction is not appar-
ent. In this situation, the diagnosis is confirmed by a single anteroposterior 
roentgenogram of the pelvis as part of the initial trauma roentgenographic 
series. This single examination does not allow adequate assessment of any 
associated acetabular fracture.10–12 Therefore, additional roentgenograms 
are needed for treatment planning before carrying out a reduction if an 
acetabular fracture is identified. The patient, not the X-ray beam, is moved 
to obtain the following films: the anteroposterior, obturator oblique, and 
the iliac oblique views.11,13 This is best accomplished by keeping the patient 
on a backboard and using foam blocks to support the oblique position of 
the board (Fig. 23-3). If necessary, computed tomography (CT) scanning 
can also be performed; optimally, this is done after the closed reduction of 
the hip joint to reestablish femoral head circulation. Although some authors 
question its routine use after uneventful closed reduction, others report a 
50% incidence of bony fragments being identified with CT.13–15

C. Treatment
1. Posterior dislocation without fracture. This dislocation is reduced as 

soon as possible and always within 8 to 12 hours when possible. Reduc-
tion is accomplished with the Allis maneuver under spinal or general 
anesthesia to overcome the significant muscle spasm. The essential 
step in a reduction is traction in the line of the deformity, followed by 
gentle flexion of the hip to 90° while an assistant stabilizes the pelvis 
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with pressure on the iliac spines. With continued traction, the hip is 
then gently rotated into internal and external rotation, which usually 
brings about a prompt restoration of position. Because considerable 
traction is required, even with good muscle relaxation, the alternative 

Figure 23-3. Radiographic assessment of acetabular fractures. A: The anteroposterior, obtura-
tor oblique, and iliac views are essential for the definition of the fracture. B: The “roof arc” 
measurement is made between a vertical line and the angle of the fracture. Angles greater than 
40° on all three views indicate a fracture which may be treated nonoperatively. (From Hansen 
ST, Swiontkowski MF. Orthopaedic Trauma Protocols. New York, NY: Raven; 1993:249, with 
permission.)

A

B
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method of Stimson may be attempted. The patient is placed prone with 
the hip flexed over the end of the table, and an assistant fixes the pelvis 
by extending the opposite leg. The same traction maneuvers described 
earlier are completed, but the pull is toward the floor with pressure be-
hind the flexed knee. Although considerable traction is necessary, under 
no circumstances should rough or sudden manipulative movement be 
attempted. Postreduction stability should be confirmed on physical ex-
amination and by a roentgenogram obtained in the operating room to 
be sure that there are no fractures around the femoral head or neck.
a. Postreduction treatment. Complete AP pelvis and Judet views 

should be obtained after reduction to confirm concentric reduction 
and evaluate for other injuries such as acetabular, femoral head, and 
neck fractures. CT scan is recommended if a nonconcentric joint is 
seen on plain films to evaluate for chondral or bony loose bodies. 
Frick and Sims14 reported that a CT scan is not necessary if the hip 
joint is concentric on all three pelvic views (AP, Judets). Recently, 
Mullis and Dahners found loose bodies in seven of nine patients 
that they performed hip arthroscopy on after traumatic dislocation 
despite negative imaging studies showing concentric reduction and 
no loose bodies. However, further studies are needed to determine 
whether removal of these loose bodies in an already concentric joint 
makes a difference in long-term outcomes. Beware of possible ipsilateral 
knee injuries. There is a high incidence of meniscal and ligaments injury 
to the knee, and MRI are warranted if there is clinical suspicion.16

b. Rehabilitation. Isometric exercises for the hip musculature are instituted 
as soon as pain subsides sufficiently. Continuous passive motion (CPM) 
may be useful to maintain joint motion, but is not essential. There is no 
consensus in the literature as to the length of time the patient should 
be restricted from weight bearing. The authors favor bed rest until the 
patient is pain free and has established near-normal abduction and exten-
sion muscle power. The patient is then allowed to move around using 
crutches for protective weight bearing until it is determined that he or 
she can ambulate without pain or an antalgic limp; this generally takes 3 
to 6 weeks. At that time, full weight bearing is permitted.

c. Prognosis and complications
 i. Sciatic nerve injuries are discussed in IV.2.c and e.
 ii. AVN of the femoral head is the most feared delayed complication 

from a simple posterior dislocation of the hip. It occurs late, but 
various authors have noted an average time of 17 to 24 months 
from injury to the time of diagnosis. Rates of approximately 6% 
to 27% are reported, and figures show an incidence of 15.5% for 
early closed reductions, increasing to 48% if reduction is delayed. 
There are no good results if the reduction was delayed more than 
48 hours. In Epstein’s classic study of 426 cases, better results were 
obtained with open reduction and internal fixation in patients 
who had associated fractures (see Selected Historical Readings). 
The overall rate of AVN was 13.4% with a higher rate of 18% 
in patients with associated fractures. For fracture–dislocations 
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treated by open means, the AVN rate was only 5.5%. Treatment 
of AVN is discussed in Chapter 24, I.I.2.

 iii. Epstein also reported an overall rate of traumatic osteoarthri-
tis of 23% following posterior hip dislocations, with a rate of 
35% in dislocations treated by closed means and a rate of 17% 
in those treated by open means. In another series, after 12 to 
14  years of follow-up, 16% of patients had posttraumatic ar-
thritis, and arthritis developed in an additional 8% as a result of 
AVN.2 Similar results have been reported from other centers.2,3,5

2. Posterior dislocation with associated acetabular fracture
a. As previously noted, the dislocation is reduced as soon as possible 

considering the patient’s other injuries. If the patient needs to 
undergo a lengthy trauma evaluation, an attempt can be made in 
the emergency department to reduce the hip with sedation. In the 
patient who has been intubated for airway control, chemical paraly-
sis totally eliminates muscle spasm. If reduction attempts fail, the 
urgency for hip reduction must be transmitted to the trauma team 
leader, so the patient can be brought to the operating room earlier 
in the evaluation phase. An alternative to standard closed reduction 
maneuvers involves inserting a 5-mm Schanz pin into the ipsilateral 
proximal femur at the level of the lesser trochanter. This allows more 
focused lateral and distal traction by a second assistant to accompany 
the reduction maneuver. If this maneuver fails, open reduction is 
preferred through a posterior approach. A posterior wall fracture is 
internally fixed with lag screws and a neutralization plate after joint  
lavage. If a more complex acetabular fracture is present, an experi-
enced acetabular and pelvic surgeon should be consulted.17 If the 
basic posterior acetabular anatomy appears intact and the joint de-
bridement is complete, a CT scan should be obtained to check on the 
adequacy of debridement and to evaluate for associated fractures.7 
Posterior wall fragment measuring less than 20% is likely indicative 
of a stable hip.18 However, intraoperative dynamic stress views should 
be performed to confirm that the hip is concentric and stable, and the 
posterior wall does not require surgical fixation. Using an obturator 
view with the fluoroscopic radiograph, the hip is assessed for concen-
tricity: (1) hip in neutral extension, (2) hip flexed to 90°, internally 
rotated, and adducted, (3) #2 with axial load applied.18,19

b. Postoperative treatment. Historically, traction has been used post-
operatively, but this is no longer recommended. With stable internal 
fixation, early motion is advised starting with CPM. Flexion is 
generally limited to 60° for the first 6 weeks postoperatively for large 
posterior wall fractures.17 Weight bearing is limited, and crutches are 
used for 12 weeks.10–13

c. Sciatic nerve injury. Direct contusion, partial laceration by bone 
fragments, a traction injury, or occasionally an iatrogenic injury 
resulting from malplacement of retractors during open reduction 
can cause this injury. Nerve injury should be evaluated early by a 
careful motor and sensory examination before reduction. If the nerve 
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function is normal before reduction and is abnormal after reduc-
tion, this may represent sciatic nerve entrapment in a fracture line. 
Emergent open reduction and nerve exploration are indicated.10–13 
The peroneal portion of the sciatic nerve is most commonly injured 
because it lies against the bone in the sciatic notch and tethered over 
the proximal fibula. When the entire distal sciatic nerve function is 
abnormal, the tibial portion of function returns nearly 100% of the 
time. The peroneal portion of function is regained in 60% to 70% 
of cases: The denser the motor injury, the less likely it is to return to 
good function.8,9 The postinjury foot drop is generally managed by 
a plastic ankle-foot orthotic. Tendon transfers to restore dorsiflexion 
of the ankle at a later date remains an option.

d. Prognosis and complications. Late traumatic arthritis and femoral 
head AVN can result in 20% to 30% of cases.10–13,17 Of all acetabular 
fractures, the posterior wall injury, despite its being the simplest pat-
tern, has the worst prognosis with regard to these complications.20–22 
Total hip arthroplasty is the most acceptable reconstruction option 
when these complications occur; long-term results in this situation 
are not as predictable as with total hip arthroplasty for arthritis.3,21 
Rarely, total hip arthroplasty is indicated as the initial surgical 
therapy in elderly patients with complex fracture patterns.23 Most 
patients who sustain these injuries are younger than 50  years, so 
loosening of the components over the patient’s lifetime is a real 
concern.22

 V. FRACTURES OF THE FEMORAL HEAD

A. Diagnosis. Fractures of the femoral head generally occur with an associ-
ated hip dislocation. They are seen as abrasion or indentation fractures of 
the superior aspect of the head in association with an anterior dislocation, 
or as shear fractures of the inferior aspect of the head in association with a 
posterior dislocation. Comminuted head fractures occasionally occur with 
severe trauma. Femoral neck or acetabular fractures may be involved. The 
diagnosis is established by roentgenograms and CT scan (Fig. 23-4).

B. Treatment
1. Emergent. Early treatment must focus on reducing the hip disloca-

tion and diagnosing the fracture pattern. Diagnosis, made by clinical 
examination, is confirmed by the admission anteroposterior pelvic 
roentgenogram. Great care should be given in evaluating the roentgeno-
grams before reducing the hip because nondisplaced associated femoral 
neck fractures may be displaced with the reduction maneuver. If these 
are noted, the reduction should be performed in the operating room 
under fluoroscopy so that, if the femoral neck fracture appears unstable 
with the reduction maneuver, the surgeon can proceed with an open 
reduction. If the closed reduction is successful, a repeat roentgenogram 
is obtained to confirm the reduction and a CT scan should be obtained 
for treatment planning.
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2. Definitive. If the femoral head fracture is an indentation fracture as-
sociated with an anterior dislocation, early CPM and mobilization with 
crutches (partial weight bearing) are indicated. The prognosis regarding 
degenerative joint disease is poor, however.6,7,24

a. If the femoral head fracture is a shear fracture associated with a pos-
terior dislocation and is of small size (Pipkin type I, infrafoveal), 
the treatment can involve a brief period of traction for comfort fol-
lowed by mobilization with a restriction of flexion to less than 60° 
for 6 weeks. Indications for surgery include a restriction of hip mo-
tion resulting from an incarcerated fragment and multiple associated 

A
B

C D

Figure  23-4. Pipkin classification of dislocations with femoral head fractures. A: Type I.  
B: Type II. C: Type III. D: Type IV. (From Bucholz RW, Heckman JD, Court-Brown C, et al., 
eds. Rockwood and Green’s Fractures in Adults. 6th ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2006, with permission.)
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injuries. The fracture should be approached anteriorly through a 
Smith-Peterson approach for best visualization.24

b. If the fracture is of larger size (Pipkin type II, suprafoveal), the 
reduction should be anatomic or within 1 mm on the postreduction 
CT to proceed with conservative treatment as outlined earlier. If it 
is displaced, open reduction and internal fixation with well-recessed 
(countersink) screws using an anterior approach is indicated.24

c. If the fracture is associated with a femoral neck fracture (Pipkin 
type III), both fractures should be internally fixed through an an-
terior approach, and early motion with CPM should be initiated. 
The prognosis for this combination injury is not as favorable as with 
isolated femoral head fractures because of the higher incidence of 
posttraumatic osteonecrosis associated with the neck fracture.

d. Femoral head fractures associated with acetabular fractures (Pipkin 
type IV) should be managed in tandem with the acetabular fracture. 
Generally, this is accomplished operatively by an experienced pelvic/
acetabular surgeon.10–12

e. An alternative surgical approach is going posterior using a trochan-
teric osteotomy with a surgical hip dislocation. This has been shown 
to provide better visualization and removal of bony and chondral 
joint debris, fixation of the femoral head, and fixation of the poste-
rior wall or repair of capsular/labral tears.8,25–27

 VI. ACETABULAR FRACTURES WITHOUT POSTERIOR DISLOCATION

A. Mechanism of injury. These fractures result from a blow on the greater tro-
chanter or with axial loading of the thigh with the limb in an abducted position.

B. Physical examination. These patients often have multiple injuries, and 
there is a relationship between the acetabular fracture patterns and the as-
sociated injuries.28 The management of the patient is the same as outlined 
in Chapter 2. A careful examination of the sciatic nerve function must be 
conducted with detailed sensory examination to light touch and motor 
grading of all distal muscle groups. The muscles innervated by the femoral 
and obturator nerves must also be examined because they can occasionally 
be injured with complex anterior column fractures. The anteroposterior 
pelvis admission trauma film and the two 45° pelvic oblique views described 
by Judet (see Selected Historical Readings) (Fig. 23-3), as well as a CT scan 
of the pelvis,10–13 are used to evaluate the fracture pattern. The scan is help-
ful in determining the presence of intra-articular bone fragments, femoral 
head fractures, size of the posterior wall fracture, and displacement in the 
weight-bearing region of the acetabulum.15 Roof arc measurements are use-
ful for treatment planning (Fig. 23-3).10–12

C. Treatment
1. Nonoperative. Traction was once the recommended definitive treat-

ment for all acetabular fractures.29 With modern techniques, nearly all 
significantly displaced acetabular fractures can be fixed safely and effec-
tively, even in elderly individuals.10–13,17,30 As definitive therapy, traction 
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is no longer generally recommended, with the exception of elderly 
patients with multiple medical comorbidities. It is generally reserved 
for temporary treatment of displaced transverse acetabular fractures in 
which the femoral head is articulating on the ridge of the fracture edge 
on the lateral portion of the joint. Traction prevents further cartilage 
injury and femoral head indentation; however, it must be heavy (35 to 
50 lb) and with a distal femoral pin. Trochanteric pins to provide a lat-
eral traction vector should never be used if open reduction is an option 
at any time in the patient’s management. If nonoperative management 
is selected, bed-to-chair mobilization for 6 to 8 weeks is the best option, 
followed by gradual return to weight bearing. Total hip arthroplasty is 
an effective salvage technique as long as the acetabular anatomy is not 
too distorted.21,22

2. Operative. In young patients, displacement of 2 to 3 mm in the major 
weight-bearing portions of the acetabulum is an indication for open 
reduction.10–13 Numerous surgical approaches to reduction are avail-
able, including the Kocher-Langenbeck posterolateral approach, the 
ilioinguinal, the extended iliofemoral, and combined approaches. These 
procedures should be undertaken by experienced acetabular surgeons 
because the techniques for reduction and fixation are numerous and 
require much special equipment; inferior results are documented by 
surgeons who are inexperienced.17 Postoperatively, CPM is occasionally 
used; patients are mobilized with 12  weeks of “touch down” weight 
bearing with crutches. If posterior wall involvement is significant, 
flexion is restricted to 60° for the first 6 weeks. Complications include 
infection (1% to 2%), heterotopic ossification (4% to 6% functionally 
limiting), AVN (5%), deep venous thrombosis (10% to 20%), pulmo-
nary embolus (1% fatal), degenerative arthritis (20% to 30%, generally 
associated with posterior wall fractures), and sciatic nerve injury (2% to 
5%).17,20,30–33 Occasionally, acute hip replacement is indicated in older 
patients with complex fractures.34

Heterotopic ossification is most commonly associated with extended 
posterior (the extended iliofemoral) and combined approaches.31 All  
these complications occur more often when surgeons are inexperienced. 
Effective prophylaxis includes indomethacin, 25 mg TID for 6 weeks, 
or low-dose irradiation (800 to 1,000 R) in the first week postop-
eratively.17,32 The use and relative benefits of radiation therapy versus 
indomethacin remain controversial.

 VII. ACETABULAR FRACTURES IN ASSOCIATION WITH FRACTURES OF 
THE FEMORAL HEAD, NECK, OR SHAFT. Associated injuries of the femur 
are not uncommon. They should be dealt with by internal fixation; then the 
acetabular injury should be treated as outlined previously.10–13 Attempts at 
treating both injuries by traction have not been satisfactory.

 VIII. TRACTION. The use of traction in the lower extremity is discussed in Chap-
ter 10, VII. Classic balanced traction with a half or a full ring Thomas splint 
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is not only cumbersome, but also restricts the use of the hip in the muscle 
rehabilitation program. These techniques must be learned because they are 
occasionally needed in treating problems associated with severe preexisting 
systemic disease or local skin problems.

 IX. TRAUMATIC DISLOCATION OF THE HIP JOINT IN CHILDREN. This 
condition is fairly uncommon (Fig. 23-5).

A. Immediate reduction is essential. Delaying reduction for more than 
24 hours increases the incidence of AVN.

B. Weight bearing should be prohibited for 3 months (a spica cast is rec-
ommended for children younger than 8 years), at which time it is usually  
possible to determine the degree of AVN, although a 3-year follow-up 
period is necessary to assess this complication fully. Institution of prompt 
treatment and protected weight bearing as for Legg–Calvé–Perthes disease 
probably is indicated. Recurrent dislocation can occur in children who are 
not immobilized.

C. When reduction is achieved rapidly with no gross associated trauma, the 
results are usually satisfactory, especially in patients younger than 6 years. 
The incidence of AVN, however, has been reported to be approximately 
5% to 10%.

Figure 23-5. Radiograph of a skeletally immature patient after reduction of a hip dislocation 
with incongruent joint space.
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Author’s Treatment Recommendations

Hip Dislocations

Diagnosis: Anteroposterior pelvic radiograph and physical examination. Leg 
is shortened and internally rotated for posterior dislocation and flexed and 
externally rotated for anterior dislocation. Judet views and CT scan are 
obtained after reduction.

Treatment: Reduction in emergency department with deep sedation and 
muscle relaxation; reduction in operating room if other injuries so require.

Indications for surgery: Irreducible dislocation, intraarticular loose bodies  
diagnosed on postreduction radiographs or CT scan.

Recommended technique: Hip arthroscopy for small loose bodies, arthrotomy 
with posterior approach for irreducible dislocation.

Author’s Treatment Recommendations

Femoral Head Fractures

Diagnosis: Anteroposterior pelvis radiograph and physical examination—
these nearly always accompany a hip dislocation, 90% of which are poste-
rior dislocations.

Treatment: Closed reduction of hip (see previous discussion) followed by CT 
scan to assess size and reduction of fragment. If reduction is anatomic, 
limited weight bearing with crutches for 6 wk.

Indications for surgery: Displaced large head fragment (Pipkin II, >2 mm dis-
placed) or displaced type III or IV fracture.

Recommended technique: Open reduction with internal fixation (ORIF) 
through anterior approach, fixation with counter sunk lag screws.

Author’s Treatment Recommendations

Acetabular Fractures

Diagnosis: Anteroposterior pelvic and Judet views, CT scan, physical 
examination

Treatment: ORIF of displaced (>2 mm) intra-articular components, 6–8 wk 
of partial weight bearing for nondisplaced fractures.

Indications for surgery: Displaced articular component.

Recommended technique: Surgical approach of ilioinguinal, Kocher-Langenbach or 
extended approach based on fracture pattern and experience of surgeon; fixa-
tion with lag screws and reconstruction plates; limited weight bearing for 12 wk.
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Fractures of the Femur
Andrew H. Schmidt24

 I. FRACTURES OF THE FEMORAL NECK

A. Epidemiology. Despite predictions of an alarming increase in the inci-
dence of hip fractures due to the aging of the population, recent evidence 
suggests that the per capita, age-adjusted incidence and mortality of these 
injuries have been decreasing since 1995 in the United States1 and 1985 in 
Canada.2 Femoral neck fractures account for just over half of all proximal 
femoral fractures and are most common in patients older than 50 years; 
elderly patients account for approximately 95% of the total number of 
cases.3,4 These fractures become more common with increasing age be-
cause of the combination of osteoporosis and an increasing propensity 
for falls. Besides osteoporosis, other factors associated with an increased 
risk of femoral neck fracture are early menopause (or low estrogen state), 
alcoholism, smoking, low body weight, steroid therapy, history of stroke, 
phenytoin treatment, and lack of exercise. Excessive use of sedative drugs 
has also been implicated.5 Typical patients are female, fair, and thin. Ef-
forts at preventing falls in elderly persons seem to have the most potential 
for controlling this phenomenon. Trochanteric pads may lessen the risk 
of fracture with falls,6 but compliance is poor and their usefulness has 
been questioned.7 In the elderly, hip fractures result in an increased 1-year 
mortality rate of 12% to 18%.

Femoral neck fractures in younger patients usually result from high-
energy trauma. In addition to traumatic injuries, stress fractures of the 
femoral neck may occur in active patients. Stress fractures that occur along 
the superior aspect of the femoral neck are called tension fractures and 
have a high propensity to progress to complete fractures. The compression 
stress fracture, which occurs at the base of the femoral neck, is less likely 
to displace.

B. Classification of fractures. From the clinical standpoint, femoral neck 
fractures consist of four basic types: displaced, nondisplaced, impacted, 
and the stress fractures. Recent papers have highlighted the vertical femoral 
neck fracture, referred to as a Pauwels Type III, as having higher complica-
tion rates including a 14% nonunion rate in cases with adequate reduction.8 
Radiographs readily distinguish these patterns, although some nondisplaced 
fractures may be radiographically occult and are only diagnosed after mag-
netic resonance imaging (MRI). Approximately two-thirds of femoral neck 
fractures are displaced.4

C. Symptoms and signs of injury. Patients with stress fractures, nondisplaced 
fractures, or impacted fractures may complain only of pain in the groin or 
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sometimes pain in the ipsilateral knee. Patients with stress fractures often 
have a history of a recent increase in activity and may believe themselves to 
have a “groin” strain. In contrast, patients with nondisplaced or impacted 
fractures typically have a history of trauma. They generally have a higher 
intensity of pain, can associate the onset with a traumatic event, and are 
seen early for medical treatment. In all three groups of patients, there is no 
obvious deformity on physical examination, but there is generally pain with 
internal rotation. A high index of suspicion must be maintained to avoid 
delay in diagnosis. Patients with displaced femoral neck fractures complain 
of pain in the entire hip region and lie with the affected limb shortened 
and externally rotated. Anteroposterior and high-quality cross-table lateral 
(obtained by flexing the uninjured, not the injured, hip) radiographs of 
the hip are necessary and sufficient to diagnose displaced, nondisplaced, 
and impacted fractures and for planning treatment. MRI (with Short TI 
Inversion Recovery STIR images) has been shown to be the quickest, most 
cost-effective way of correctly identifying radiographically occult fractures. 
Pending treatment, patients should be nonweight-bearing and allowed to 
rest with the limbs in the most comfortable position, which is generally in 
slight flexion on a pillow. Traction is not necessary and may increase pain.

D. Treatment
1. Stress fractures. These fractures commonly occur in young, vigorous 

individuals and require careful evaluation. A high index of suspicion for 
this injury should be kept for active patients presenting with groin pain.9 
Patients with femoral neck stress fractures often have decreased bone 
density compared with age-matched controls.10 Femoral neck stress frac-
tures may heal uneventfully but have the potential to displace, especially 
if on the superior/lateral side. Upon diagnosis, patients should be treated 
by restricted weight bearing. Use of crutches or a walker is mandatory, 
and patients should also be cautioned not to attempt straight-leg rais-
ing exercises and not to use the leg for leverage in rising or in changing 
positions, particularly getting up out of a chair. Partial weight bearing is 
safe within 6 weeks, with full weight bearing in 12 weeks, as long as the 
fracture shows roentgenographic evidence of healing, which is evidenced 
by sclerosis at the superior femoral neck. Because of the potentially 
severe complications of displacement (nonunion, osteonecrosis, need 
for surgery), in situ pinning should be considered in active or unreli-
able patients or any patient with a tension (superior-lateral) fracture. 
 Compression types of fractures in elderly individuals generally do well 
with limiting activity as outlined above. Functional complaints may 
persist for years in patients with femoral neck stress fractures.11

2. Impacted fractures
a. These can be treated either nonoperatively or operatively.3,12 With 

the nonoperative method, the patient usually is kept in bed for a 
few days with the leg protected from rotational stresses until the 
muscle spasms subside. A program of protected ambulation, as 
outlined for stress fractures, is then initiated. In a series of over 300 
patients with impacted femoral neck fractures treated nonoperatively, 
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displacement only occurred in 5% of younger, healthy patients.12 
When displacement occurred in these patients, operative treatment 
led to a successful outcome in all cases.12 Although the authors of this 
study suggest that surgery is only necessary in patients over age 70 
with multiple medical problems, others would argue that even a 5% 
risk of late displacement is unacceptable.

b. Internal fixation of impacted fractures has many advantages over 
nonoperative methods, especially using percutaneous technique. 
Although the rate of avascular necrosis (AVN) may not be different, 
a union rate of 100% in operative cases has been reported, compared 
with 88% with closed management. A recent matched pair study 
compared internal fixation of nondisplaced fractures with hemiar-
throplasty in displaced fractures, showing dramatic benefits in the 
internal fixation group and suggesting that hemiarthroplasty should 
not be done in nondisplaced fractures.13 The authors recommend 
multiple screw fixation in patients with nondisplaced fractures, either 
percutaneous or by open technique, because it allows immediate 
weight bearing and avoids the risk of late displacement (see I.F).

3. Displaced fractures. The management of displaced femoral neck frac-
tures is surgical; the best surgical approach (internal fixation vs. arthro-
plasty) continues to be an area of controversy.14,15 Within each method, 
there is also controversy about the best method of fixation (multiple 
screws or dynamic hip screw) or optimum type of arthroplasty (uni-
polar, bipolar, or total).16 The optimum treatment for a given patient 
is based on the activity level of the patient before the fracture; this is 
a direct measure of the functional demands of the patient and activity 
level correlates with bone density.3 Patients must be treated with an 
understanding of their physical and mental abilities. It is important to 
rapidly arrange family discussions and explain the risks and benefits of 
the various surgical interventions to the patient’s family.

The most difficult situation is the active patient with a displaced 
femoral neck fracture. Fractures in healthy patients younger than 60, 
with or without slight comminution, should be reduced, impacted, 
and internally fixed. Although the literature is not definitive, there is 
consensus that surgery should be undertaken as quickly as possible.17–19 
Intracapsular tamponade from fracture hematoma has an unfavorable 
effect on femoral head blood flow, as does nonanatomic position, so 
there is a rationale for proceeding with some urgency.3,20,21 However, pa-
tients with dehydration or unstable cardiac conditions should be medi-
cally stabilized before surgery to minimize the risk of fatality.18,19 There is 
consensus that accurate reduction and impaction at the fracture site are 
essential to a good end result. Anatomic reduction allows the maximum 
opportunity for reestablishment of the vascular supply. Any stretch or 
kinking of the vessels of the ligamentum teres or retinaculum is avoided 
while stability of the fracture is optimized.20 Internal fixation is clearly 
associated with an increased risk of reoperation compared with arthro-
plasty.14,15,22 There is also recent evidence that too much shortening of 
the femoral neck at the time of final healing leads to a poor outcome.23 
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A reliable method to surgically repair femoral neck fractures without loss 
of fixation or some collapse of the femoral neck remains an elusive goal.

E. Reduction techniques
1. The authors favor a closed reduction on a fracture table that then allows 

for the insertion of internal fixation under biplanar image-intensifier 
control. Manipulative reduction should be gentle, and the authors have 
found the techniques of McElvenny and Deyerle to be the most satis-
factory. Frequently, however, the fracture is reduced by the maneuver of 
applying traction on the limb with neutral adduction–abduction with 
internal rotation to bring the femoral neck parallel to the floor. Nonana-
tomic reduction should not be accepted; if acceptable reduction is not 
obtainable by closed means then open reduction should be considered.
a. In McElvenny’s technique, both extremities are placed in traction 

with the hips in extension. The affected leg is lined up with the long 
axis of the body and is then maximally internally rotated by rotating 
the knee rather than the foot to reduce stress on the knee ligaments. 
Traction is then released on the contralateral side. After viewing 
follow-up radiographs, if more valgus is required, the traction may 
be reapplied to the affected leg. Just before releasing the traction on 
the opposite leg, an abduction force at the knee is applied along with 
a simultaneous pushing inward over the trochanter.

b. The Deyerle technique achieves final alignment of the femoral neck 
and head in the lateral plane by a direct push posteriorly by two 
hands placed anteriorly over the greater trochanter while the pelvis 
on the contralateral side is supported to prevent ligament stress. This 
procedure is carried out after traction and internal rotation have re-
duced the fracture in the anteroposterior plane and before placement 
in slight valgus as described in a.

2. Open reduction. Open reduction is performed through either a Smith-
Petersen anterior approach or a Watson–Jones anterolateral ap-
proach whenever a satisfactory closed reduction cannot be obtained in 
a patient in whom prosthetic replacement is contraindicated.3 Although 
fracture site visualization may be best with the anterior approach, the 
screws have to be inserted through a separate lateral incision. The 
 Watson–Jones interval is a more familiar approach for many surgeons, 
but fracture visualization may be a little more difficult.

F. Operative techniques
Choice of operative technique depends on the assessment of fracture dis-
placement, location within the femoral neck, amount of comminution, 
and the angle of the fracture line.
1. Multiple screws. Fixation of the femoral neck with multiple screws 

is the simplest method of obtaining internal fixation. This method is 
ideal for transcervical or subcapital fractures that are not too vertical or 
too comminuted, and can be a percutaneous procedure, thus reducing 
the risk of infection and the operative morbidity in elderly patients, 
extremely poor-risk patients, and bedridden patients. When an ad-
equate (anatomic) closed reduction is obtained, the screws can be placed 
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through a small lateral incision, but a capsulotomy is recommended by 
extending the deep dissection anteriorly. When the reduction is nonana-
tomic, open reduction is advised.3,21

Internal fixation with three pins or screws secures fracture stability; 
there is no value in using more than three implants.24 An exception to 
this generalization is the fracture comminuted with posterior comminu-
tion; in this instance the addition of a fourth screw25 or use of a dynamic 
hip screw may confer more stability. Screws should be placed around 
the periphery of the femoral neck, immediately adjacent to the cortex.26 
Usually, one screw is placed along the medial neck in a central position, 
another posteriorly, and the third screw anteriorly.

2. Sliding hip screw fixation is an alternative to multiple screws. This 
method is usually chosen for fixation of basicervical fractures or the more 
vertical fracture patterns. With anatomic reduction, no mechanical ad-
vantage is obtained with the hip screw because fracture stability is most 
dependent on the quality of the reduction and the density of the bone 
in the femoral head. However, with a nonanatomic reduction, there is 
an advantage to the use of a hip screw because the fixation relies on the 
lateral cortex rather than opposition of the fracture surface.20,24 A sliding 
screw plate appears to have the advantage of firm fixation of the head, 
as well as allowing for impaction through sliding in a fitted barrel. An 
additional threaded pin or cancellous screw should be placed superiorly 
in the neck and head for improved torsional control.20 Regardless of the 
particular type of mechanism used, it is essential to obtain maximum 
holding capacity in the head, which necessitates the use of a 135° angle 
device in most individuals when anatomic reduction is obtained. When 
a valgus reduction is chosen, it is important to use a 150° nail plate de-
vice and to position the nail or screw in the deepest portion of the head.

3. Prosthetic replacement. Many studies have demonstrated improved 
functional outcomes, dramatically lower reoperation rates, and more 
cost-effectiveness with hemiarthroplasty and total hip replacement 
when compared with internal fixation of displaced femoral neck frac-
tures.14,22,27 However, arthroplasty procedures carry a higher risk of deep 
infection, dislocation, and potential need for revision.28 Use of an ante-
rior or lateral approach significantly decreases the risk of dislocation.28 
Hemiarthroplasty of the hip may be performed with unipolar or bipolar 
components. Traditionally, a unipolar prosthesis is used for patients 
with very low functional demand, whereas bipolar devices are used in 
patients with higher functional demands. However, recent studies have 
failed to demonstrate any significant difference in outcomes with either 
type of device,29 while bipolar components may contribute polyethylene 
wear particles with time.30 Many studies seem to indicate that total 
hip arthroplasty (THA) provides superior functional results in active 
patients compared with hemiarthroplasty,31 but a recent systematic 
review of the topic was unable to make a definitive statement.16 THA is 
considered to have a higher risk of dislocation,16,32 but the magnitude of 
this risk is not clearly defined and seems to be decreasing with modern 
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arthroplasty techniques.31 In the more typical older patient, there may 
be little advantage to THA over hemiarthroplasty.32 Fortunately, the risk 
of recurrent dislocation and reoperation are not different than those 
after primary THA.33 The use of larger femoral heads with cross-linked 
polyethylene and avoidance of posterior approaches reduce the risk of 
dislocation.31 Total hip replacement is certainly an appropriate choice in 
active patients above age 65 with a displaced femoral neck fracture.31

4. The authors’ preference is multiple screw fixation or a sliding hip screw 
with an additional pin or screw appears to offer optimum fixation.3,21 
The techniques are not easily learned or applied and are only effective 
with anatomic reduction and maximum fracture impaction at the time 
of surgery. Given the difficulties inherent with either technique, the 
uncertain end-results if anatomic reduction is not obtained, and risk of 
AVN, the surgeon should consider total hip replacement as an alterna-
tive in the older patient with normal function, or hemiarthroplasty in 
the patient with low functional demands and poor bone quality.28

G. Failed primary fixation. The most frequent complications following 
internal fixation of displaced femoral neck fracture are loss of reduction, 
protrusion of the screw or pins into the acetabulum, and collapse with 
symptomatic AVN. These complications are reliably salvaged by THA.

H. Postoperative care and rehabilitation. The aim of treatment is to return 
the patient to preoperative status by the quickest, safest method. Therefore, 
rehabilitation planning should begin at the time of admission because 
most patients are elderly and do not tolerate prolonged periods away from 
familiar environments. Surgery is carried out as soon as possible, and the 
procedure should be one that allows immediate weight bearing to tolerance, 
the first step in rehabilitation. As long as stable internal fixation is achieved, 
gains from early weight bearing far outweigh the risks. Patients are encour-
aged to ambulate and to apply as much weight as is comfortable. Initially, 
a walker is used, and then gradual progress is made to crutches, if practical, 
and eventually a cane. In the case of the patient with balance problems, the 
walker or cane may be used indefinitely to help prevent more falls.

I. Nonunion and avascular necrosis

1. In the past, nonunion has been an important complication of displaced 
femoral neck fractures, but with proper reduction, impaction, and internal 
fixation, its incidence should be reduced to less than 10%.3,28 Most frac-
tures heal promptly and the union is well established within 4 months. 
Occasionally, there is some resorption at the fracture site, probably a result 
of insufficient impaction at surgery and therefore some fracture instability. 
Further impaction and eventual healing usually occur, but the incidence 
of AVN is significantly higher than in patients who obtain primary union.

2. Avascular necrosis
a. The roentgenographic signs of AVN, with associated collapse, can 

occur at any time postoperatively. For practical purposes, however, 
changes with collapse are usually seen within 3 years. The incidence 
of AVN is variously reported to be between 7% and 35%, and it 
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must be appreciated that for displaced femoral neck fractures, the 
head, or at least a major portion of it, is rendered avascular at the time 
of injury.3,28 The most recent data regarding the risk of AVN were pre-
sented by Loizou and Parker.34 In their study of 1,023 patients with 
femoral neck fractures, the overall rate of AVN was 6.6%. AVN was 
less common for undisplaced (4.0%) than displaced fractures (9.5%) 
and was less common in men (4.9%) than women (11.4%) who had 
a displaced fracture. The incidence of AVN in patients younger than 
60 years with a displaced fracture was 20.6%, compared with 12.5% 
for those aged 60 to 80 years and 2.5% among those elder than 
80 years.34 When avascular changes are identified, the patient should 
be managed according to symptoms. In many older patients, the con-
dition may not be severe enough to warrant any further surgery, but 
in patients with complete collapse of the femoral head and increasing 
pain, early total hip replacement is the treatment of choice.

b. The role of bone grafting for either prevention or treatment of 
AVN remains uncertain. Currently, evidence for use of bone graft-
ing for either of these conditions on a routine basis is lacking.

J. Prognosis. Anticipated complications and end results have been discussed 
for each fracture. Because of the advanced age of the typical patient, devel-
opment of degenerative articular changes over a long period is difficult to 
assess, but it does not appear to be a frequent complication. The morbid-
ity and mortality rates (12% for the 12 months following fracture) are 
high, but they can be notably decreased by treating this fracture with 
early reduction and early ambulation. The mortality rates return to those 
of age-matched control subjects after 1 year.

K. Fractures of the neck of the femur in children35,36

1. Treatment
a. Transepiphyseal fractures are uncommon, and there is no series of 

sufficient size to make any conclusions about the treatment of choice. 
The authors recommend reduction with capsulotomy and fixation 
with smooth pins.36

b. Undisplaced and minimally displaced cervicotrochanteric frac-
tures carry a risk of AVN. The pathophysiology may involve intra-
capsular tamponade of the vessels supplying the femoral head.36 The 
authors recommend capsulotomy, reduction if necessary, and fixation 
with lag screws short of the femoral head epiphysis. The screws are 
generally sufficient because of the density of the bone. In children 
8 years old and younger, postoperative spica cast immobilization is 
also used for 6 to 12 weeks. Displaced fractures are treated in the 
same way. These fractures must be treated emergently to minimize 
the complication of AVN.

2. Prognosis. These fractures have nearly a 100% rate of union with opti-
mum management.

3. Complications
a. Coxa vara. Although this complication is commonly reported, it is 

generally associated with nonoperative management.
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b. Avascular necrosis. This complication affects 0% to 17% of patients 
who undergo emergent treatment. The long-term consequence is 
generally degenerative arthritis, which requires THA in patients in 
their 40s to 60s.

c. Premature closure of the epiphysis occurs in less than 10% of cases 
and is not a significant long-term problem except when it occurs in 
children younger than 8 years.

 II. INTERTROCHANTERIC FRACTURES

A. Surgical anatomy
1. The classic intertrochanteric fracture occurs in a line between the 

greater and lesser trochanters. Although in theory such a fracture 
is totally extracapsular, the distinction between an intertrochanteric 
fracture and a basilar femoral neck fracture is not always clear. In 
peritrochanteric fractures, the internal rotators of the hip remain with 
the distal fragment, whereas usually at least some of the short, external 
rotators are still attached to the proximal head and neck fragment. This 
factor becomes important in reducing the fracture because, in order to 
align the distal fragment to the proximal one, the leg must be in some 
degree of external rotation. This is in contrast to the internal rotation 
often needed to reduce transcervical femoral neck fractures and requires 
a distinctly different maneuver in the operating room with the patient 
on the fracture table to reduce the fracture.

2. When the forces producing the fracture are increased, the greater tro-
chanter and lesser trochanter can be separately fractured and appear as 
separated fragments (three- and four-part fractures). Secondary com-
minution is not infrequent and usually involves one of the four major 
fragments. Anatomic restoration becomes a major undertaking but is not 
necessary to obtain a satisfactory result from a functional point of view. 
Occasionally, a subtrochanteric extension of the fracture is encountered.

B. Mechanism of injury. The intertrochanteric fracture almost invariably 
occurs as a result of a fall in which both direct and indirect forces are act-
ing. Direct forces act along the long axis of the femur or directly over the 
trochanter. Indirect forces include the pull of the iliopsoas muscle on the 
lesser trochanter and that of the abductors on the greater trochanter.

C. Classification. Several classifications and subclassifications have been 
proposed.37–39 From the standpoint of treatment and prognosis, a simple 
classification into stable or unstable fractures is most satisfactory.
1. A stable intertrochanteric fracture is one in which it is possible for the 

medial cortex of the femur to butt against the medial cortex of the calcar 
of the femoral neck fragment. Not uncommonly, the lesser trochanter is 
fractured off as a small secondary fragment, but this does not interfere 
with the basic stability of the fracture.

2. The unstable intertrochanteric fracture is one in which there is 
comminution of the posteromedial-medial cortex (along the calcar 
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femorale), involvement of the lateral wall,40,41 or an associated fracture of 
the femoral neck.39 In the most common unstable pattern, a large pos-
teromedial fragment encompasses the lesser trochanter, with or without 
a fracture through the greater trochanter (four-part fracture). A fracture 
with high obliquity may be considered unstable because of the high 
shearing force at the fracture site despite anatomic reduction and inter-
nal fixation. Within the last few years, the importance of the integrity 
of the lateral wall of the greater trochanter has been highlighted.40,41 
In fractures where a fracture line exits lateral to the tip of the greater 
trochanter, intraoperative fracture of the lateral wall can be expected to 
occur when using a sliding hip screw, which in turn predictably leads to 
maximal collapse, shortening, and a poor outcome.41

D. Physical examination. The fracture occurs primarily in the elderly, the 
average age reported being 66 to 76 years, which is slightly older than for 
femoral neck fractures. There is a predominance of women, with a ratio 
of women to men of 2:1 to 8:1. The leg is shortened and lies in marked 
external rotation. Any movement of the extremity is painful and should not 
be attempted. Both anteroposterior and lateral radiographs should be made 
to confirm the diagnosis and to delineate the fracture pattern. The lateral 
film is obtained as a cross-table view, which can be obtained by flexing the 
uninjured hip. In many cases, an internal rotation view in traction is very 
helpful and may even change the apparent classification of the fracture and 
therefore the recommended treatment.42

E. Treatment. Operative treatment is the procedure of choice for all but the 
most debilitated patients. The goal of treatment is to restore the patient to 
his/her preoperative status as early as possible, which is best achieved by re-
duction and internal fixation in a stable fashion that allows immediate am-
bulation. As with femoral neck fractures, the patient’s medical conditions 
should be optimized before surgery to minimize perioperative morbidity 
and mortality.18,19

1. Operative treatment of intertrochanteric fractures. Currently, both 
sliding hip screws and cephalomedullary nails are well-accepted choices 
for the fixation of trochanteric fractures of the femur.43 Although “fixed 
angle” devices that do not allow collapse of the fracture produce inferior 
results due to high rates of implant failure and cut-out,37 there is now 
evidence that excessive collapse leads to complications and poor func-
tion as well.39,40 Although there is not universal consensus, it is generally 
considered that dynamic hip screws are appropriate for stable fracture 
patterns, whereas cephalomedullary nails are best used in unstable 
fractures.44 Recent prospective comparative studies45 and structured 
literature reviews show no overall difference in outcomes between 
intramedullary devices and sliding hip screws. Older studies tend to 
show a greater incidence of both intraoperative and late femur fractures 
associated with intramedullary fixation46,47; the incidence of this com-
plication may be decreasing with improved implant design and surgical 
technique.48 Some studies have shown severe fracture collapse, frequent 
complications, and poor outcomes when compression hip screws are 
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used in unstable fracture patterns.44 Most of the current available inter-
nal fixation devices for treatment of intertrochanteric fractures can be 
expected to yield satisfactory results.
a. When using a sliding hip screw, the fracture should ideally be 

intrinsically stable, or it must be reduced to a stable position; that 
is, the medial cortices about each other anatomically. The reduction 
is accomplished on a fracture table by direct traction, slight abduc-
tion, and external rotation. If these maneuvers do not produce an 
anatomic reduction, the fracture site should be opened to ensure 
stability of the reduction. Not infrequently, there is some posterior 
displacement at the fracture site that requires the femur shaft to 
be lifted anteriorly to secure an anatomic reduction at the time of 
fixation. Regardless of the internal fixation used, in the elderly os-
teoporotic patient, the neck itself might be little more than a hollow 
tube; to gain purchase, it is essential to insert the nail or screw well 
into the head. The authors recommend insertion to within 0.5 in of 
the subchondral bone. The position should be in the center of the 
femoral head on both views. The “tip-apex distance” (TAD) defined 
by Baumgaertner et al.49,50 as the sum of the distances from the tip of 
the implant to the apex of the femoral head on both anteroposterior 
and lateral radiographs is used to determine appropriate position of 
the implant within the femoral head. The risk of complications in-
creases dramatically when the TAD exceeds 25 mm.50 The side-plate 
should be securely fixed across both femoral cortices by two-four 
screws (Fig. 24-1). When a compression hip screw is used in unstable 
fracture patterns, a trochanteric plate may be used to prevent exces-
sive collapse.43

b. Cephalomedullary devices are now commonly used for trochanteric 
fractures, and there is consensus that they are the most appropriate im-
plant for unstable fracture patterns. One must be careful to adequately 
ream and insert the nail by hand to avoid intraoperative femoral 
shaft fracture. Long devices should be used rather than short nails in 
order to prevent later fracture at the tip of the stem; however, long 
intramedullary implants risk perforation of the distal anterior femoral 
cortex.47,51,52 Many authors use the same TAD criteria for cephalom-
edullary devices, although this concept has not been validated for this 
implant. Cephalomedullary nails are best inserted with the patient on 
a fracture table, in either the supine or lateral (author’s preference) po-
sition. It is important to note that the fracture must be reduced prior 
to insertion of the nail; in some fracture patterns pointed reduction 
clamps or threaded Schanz pins are needed to assist with obtaining 
and maintaining fracture reduction during nail insertion.

c. In osteoporotic patients with highly comminuted fractures, hemiar-
throplasty or total hip replacement is rarely indicated.53 Comparative 
data are lacking to know whether outcomes are any different with 
arthroplasty compared with internal fixation.

d. A special fracture that deserves mention is the reverse obliquity 
fracture (Fig. 24-2). With this pattern, the primary fracture line is 
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parallel to the axis of the femoral neck and the sliding vector of the 
hip screw. This results in tremendous instability and very high failure 
rates when sliding hip screws are used.54 Fractures with this pattern 
are better stabilized with intramedullary implants or fixed-angle 95° 
devices.

Figure 24-1. A sliding screw plate. Note the proper positioning for maximum fixation with the 
screw centrally seated in the head within 1 cm of the subchondral bone. Four screws are used to 
insert the slide plate onto the femur.
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F. Postoperative treatment. Patients should be mobilized as quickly as 
possible after repair of a trochanteric fracture. Our recommendation for 
rehabilitation is that patients be moved to at least a sitting position on the 
first postoperative day. In 2 to 3 days, they should be taken to the physi-
cal therapy department where ambulation can be started using the parallel 
bars. Patients may be allowed to place as much weight on the fractured 
extremity as they wish. As soon as they feel secure using the parallel bars, 
patients should be transferred to a walker or crutches, depending on their 
abilities based on their prefracture status. With this program, it is rare that 

Figure 24-2. Reverse obliquity fracture AP Radiograph (continued). 

A
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individuals who were able to walk without support before fracture cannot 
be returned to a self-sufficient state within 10 to 14 days using either a 
walker or crutches. Patients may disregard the walker or crutches at any 
time they feel secure. The long-term use of a cane is encouraged as a preven-
tive measure in elderly patients to avoid falls and injury.

G. Prognosis and complications. Because of the age of patients (many suf-
fer from other debilitating conditions at the time of injury), mortality 

B

Figure 24-2. Lateral Radiograph (continued).
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and morbidity rates will always be significant. With an aggressive 
treatment program, mortality rate should be 10% to 15% for the first 
year after the fracture; subsequently, the mortality rate returns to that 
of age-matched controls. Mechanical failure and nonunion rates depend 
on appropriate and well-executed surgery, and can be reduced to 1% or 
less. AVN is rare. Infection occurs in 1% to 5% of cases.55 Prophylactic 
antibiotics are provided for 24 hours, as discussed in Chapter 9, IV.E, 
and Chapter 11, I.B.2. With prompt internal fixation and an aggres-
sive postoperative rehabilitation program stressing early weight bearing, 

C

Figure 24-2. Displaced/reverse oblique/subtrochanteric femoral fracture. Fracture 
internally fixed with 95 degree condylar screw (continued).
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complications from thromboembolic disease can be sharply reduced. The 
authors recommend the use of sequential compression devices for all pa-
tients with the use of a low-dose warfarin or enoxaparin continuing for 
up to 4 weeks.56 Even with optimum treatment, it is scarcely possible 
to return more than 40% of the patients to their true prefracture 
status, but one can obtain satisfactory results from treatment in ap-
proximately 80% of patients.

 III. GREATER TROCHANTERIC FRACTURES

A. Isolated avulsion or comminuted fractures of the greater trochanter oc-
casionally are seen. Unless displacement of the fragment is greater than 
1 cm, the fracture is treated as a soft-tissue injury with protected weight 
bearing until the patient is asymptomatic. Several days of bed rest are usu-
ally required, followed by walker or crutch ambulation for 3 to 4 weeks. 
In elderly patients, even with separation greater than 1 cm, operative 
treatment with internal fixation is rarely indicated.

B. In the younger patient, when displacement is greater than 1 cm, it is 
advisable to fix the fracture fragment internally with either two cancellous 
screws or a wire loop to secure fragments. This maneuver reconstitutes 
the functional integrity of the abductor mechanism. Postoperatively, the 
extremity is protected until soft-tissue healing is secured. Then the patient 
is allowed to ambulate without weight bearing for 3 to 4 weeks, followed 
by partial weight bearing for another 3 to 4 weeks until limp-free walking 
can be achieved.

 IV. ISOLATED AVULSION FRACTURES OF THE LESSER TROCHANTER

A. These fractures are seen mainly in children and athletic young adults. If 
they occur in an older patient, one must consider the possibility of meta-
static disease. Unless displacement is greater than 2 cm, operative fixation 
is not indicated and the end result is excellent.

B. With displacement greater than 2 cm, it is advisable to stabilize the 
avulsed fragment with a cancellous screw or a cortical screw, securing it to 
the opposite cortex. This procedure is most readily accomplished through a 
medial approach to the hip. Complications are minimal, and the end result 
is most satisfactory.

 V. SUBTROCHANTERIC FRACTURES

A. Subtrochanteric fractures occur as extensions of intertrochanteric frac-
tures or as independent entities. The mechanism is direct trauma, and 
significant forces are usually required. This type of fracture is ordinarily seen 
in younger individuals as compared with the intertrochanteric or femoral 
neck fracture. Subtrochanteric fractures, which are extensions of intertro-
chanteric fractures, are also seen in elderly patients. Thus, these fractures 
have a bimodal distribution.
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B. Classification. Fielding (see Selected Historical Readings) classified subtro-
chanteric fractures as occurring in three zones: zone I, those at the level of 
the lesser trochanter; zone II, those 1 in to 2 in below the upper border of 
the lesser trochanter; zone III, those 2 in to 3 in below the upper border 
of the lesser trochanter. Seinsheimer’s classification and results have em-
phasized the importance of the posteromedial fragment. Internal fixation 
then acts as a tension band on the outer (distracting) cortex and allows for 
impaction and weight bearing directly through the medial cortex. If this 
internal fixation is not possible, the fracture pattern is unstable. The most 
practical classification of subtrochanteric fractures is the system of Russell 
and Taylor,57 which divides such injuries into high and low fractures and has 
direct implications for the most appropriate type of internal fixation. High 
fractures occur above the lesser trochanter and may or may not involve the 
greater trochanter and piriformis fossa of the proximal femur. Fractures that 
involve the piriformis fossa require plate fixation or trochanteric nailing. 
High fractures not involving the piriformis fossa may be treated by second 
generation reconstruction nailing. Low fractures occur below the lesser tro-
chanter, may or not be comminuted, and have varying degrees of extension 
down the femoral shaft. These fractures, regardless of pattern, are readily 
treated with standard intramedullary nails.

C. Physical examination. Because the forces required to produce the fracture 
are substantial, other injuries in the same extremity and elsewhere in the 
body often occur. Emergency splinting in a Thomas splint generally is re-
quired. Hemorrhage in the thigh may be significant, so the patient should 
be monitored for hypovolemic shock, and blood replacement may be neces-
sary. Good anteroposterior and lateral radiographs are necessary to clearly 
assess the extent of the fracture.

D. Treatment. Operative stabilization to allow early rehabilitation is the treat-
ment of choice. These fractures have a characteristic deformity that should 
be understood in order to facilitate fracture reduction. If the lesser trochan-
teric fragment remains attached to the head and neck fragment, it causes a 
pronounced flexion deformity. In this instance, it is necessary to flex and 
externally rotate the distal fragment to obtain reduction. Additionally, the 
strong adductors attached to the femoral shaft tend to cause varus angulation, 
and attempts to correct this by abduction of the hip often exert pull on the 
adductors and cause bowing at the fracture site or medial displacement of the 
shaft fragment. In this event, it is best for the patient to undergo treatment 
in a neutral position with reference to abduction–adduction and to increase 
the traction. When the fracture is comminuted and the lesser trochanter is off 
as a separate piece, treatment is the same as for intertrochanteric fractures. If 
traction treatment is used, it should be maintained until there is roentgeno-
graphic evidence of union. The patient is then placed in a single spica cast or 
hip abduction brace for protected weight bearing until the callus matures.

E. Operative treatment
1. Fractures involving the lesser trochanter (Fielding zone I). Fractures in 

this region not involving the piriformis fossa may be treated with intra-
medullary nailing using a second-generation (reconstruction) nail with 
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fixation into the femoral neck and head. When there is comminution 
involving the piriformis fossa, there are two potential options. The 
first is to proceed with intramedullary nailing using a trochanteric nail, 
again with proximal fixation in the femoral neck and head. This may be 
difficult because the nail may still need to be inserted directly through 
the fracture site. In the author’s opinion, use of a fixed-angle device 
such as a 95° blade plate, dynamic condylar screw, or locking proximal 
femoral plate is the ideal method for these fractures. With any of these 
methods, the procedure is facilitated by the use of a fracture table and 
with the patient in the lateral position. Indirect reduction techniques 
should be used to restore length, rotation, and alignment; it is not neces-
sary to expose, manipulate, or bone-graft the comminuted region of the 
lesser trochanter.

2. Fractures below the lesser trochanter (Fielding zones II and III). These 
fractures represent proximal femoral shaft fractures and are usually 
amenable to the same techniques of fixation (i.e., intramedullary nail-
ing). Compression plating is equally satisfactory in the hands of persons 
familiar with its application, but it is not used routinely because of the 
large surgical dissection required.

F. Postoperative management. Stable subtrochanteric fractures or those 
that can be rendered stable by operative treatment can be managed 
much as intertrochanteric fractures. The unstable subtrochanteric frac-
ture must be supported and protected from weight bearing until the 
union is secure.

G. Complications. In the event of a frank nonunion or a delay in union of 
an intertrochanteric or subtrochanteric fracture, a careful assessment of the 
cause of this failure should be made. Too often it is caused by less-than-strict 
adherence to the treatment principles outlined. If the fixation is secure and 
the reduction adequate, bone grafting may suffice. As soon as problems 
with union are recognized, optimal position of the fracture should be ob-
tained and standard internal fixation combined with fresh autogenous can-
cellous grafting carried out. Osteotomy may be required, especially if there 
is varus malposition of the proximal femur. Once this process is completed, 
the management is the same as for a fresh fracture, except that it may be 
necessary to delay patient activity until discomfort from the graft donor site 
has subsided.

 VI. INTERTROCHANTERIC AND SUBTROCHANTERIC FRACTURES IN 
CHILDREN. These fractures in children younger than 6 to 8 years may be 
treated in balanced skeletal traction, aligning the distal fragment to the proxi-
mal one. Often, this requires that traction be applied with the hip and knee 
flexed (90 to 90 traction). Traction is maintained until the fracture is stable 
(4 to 6 weeks), at which time the extremity is placed in a single spica cast for 
immobilization until union is solid (approximately 12 weeks). Increasingly, 
percutaneous pin or screw fixation with supplemental spica casting is used. The 
authors favor reduction and percutaneous Steinmann pin fixation followed by 
supplemental spica casting.
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 VII. FEMORAL DIAPHYSEAL FRACTURES IN ADULTS

A. Diaphyseal fractures of the femur are the result of significant trauma and 
usually are associated with considerable soft-tissue damage. Blood loss of 
2 to 3 units is common. In addition, these fractures have a high incidence 
of associated injury in the same extremity, including fractures of the femoral 
neck,58 posterior fracture–dislocations of the hip, tears of the collateral liga-
ments of the knee, and osteochondral fractures involving the distal femur 
or patella and fractures of the tibia.

B. Examination. Diagnosis usually does not present any clinical problem if 
care is taken to rule out the other associated injuries by physical examina-
tion and radiographs.

C. Radiographs. Films are obtained primarily to confirm the diagnosis and 
for preoperative planning. It is essential to view the joint above and the 
joint below the fracture. Films of the uninjured femur are helpful for 
selecting the appropriate internal fixation device. An anteroposterior and 
lateral roentgenogram of the injured femur should be supplemented by an 
internal rotation view of the femoral neck, and ideally fine-cut computed 
tomography (CT) images in order to minimize the risk of an unrecognized 
femoral neck fracture.58

D. Treatment
1. Emergency treatment consists of the immediate application of a Thomas 

or Hare splint before radiographs are obtained. Unless there is gross 
comminution or the patient is not a surgical candidate, fractures of 
the shaft of the femur from the lesser trochanter to approximately 
10 cm above the knee joint should be treated by interlocking nailing 
(see Fig. 25-3), with reaming of the canal using flexible reamers.59,60 
Currently, both antegrade and retrograde nails are acceptable, with 
similar complication rates and outcomes. Specific indications for retro-
grade nailing include severe obesity, pregnancy, bilateral fractures, and 
ipsilateral tibia, patella, or acetabular fractures (that require repair via 
a posterior hip approach).61 Femoral nailing by either technique is ac-
complished as soon as the patient is adequately resuscitated, as indicated 
by serum bicarbonate or base deficit.62 Immediate fixation is appropriate 
for most isolated fractures. In polytrauma patients, the more severely 
injured the patient, the more critical stable fixation of the femur fracture 
becomes. Early fixation has been shown to be associated with decreased 
narcotic use, reduced pulmonary complications (e.g., adult respiratory 
distress syndrome), and decreased mortality rate.63 Even patients with 
isolated femoral shaft fractures, including elderly patients, benefit from 
urgent (within 24 hours of admission) stabilization of the femur with 
an interlocking nail.63–65 These procedures are carried out on a fracture 
table in the operating room under fluoroscopic control, although some 
authors report good results with nailing on a standard radiolucent 
table.66 Although many authors recommend routine supine positioning 
because of the ease of placement of locking bolts, we favor the lateral 
position on the fracture table when the patient does not have chest, 
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abdominal, or pelvic injuries. This allows greater ease of access to the 
greater trochanter and use of smaller incisions in large patients. When 
the patient is severely traumatized, especially those with traumatic brain 
injuries at risk for secondary brain insults, provisional fracture stability 
can be achieved with external fixation or plates much more rapidly on 
a standard table. The fixator is generally exchanged for an interlock-
ing nail within the first 5 to 7 days when the patient’s condition has 
stabilized. Primary interlocking nailing immediately following debride-
ment is the procedure of choice for most open femoral shaft fractures.67 
Some advocate the use of small diameter locked nails without reaming, 
especially in patients with severe cardiopulmonary trauma; this has been 
associated with longer healing time and implant failure.68–70

2. Balanced suspension skeletal traction may be used until a cast-brace can 
be applied only when the equipment or expertise necessary for locked 
nailing is unavailable and when the patient cannot be transported.71

E. Complications
1. Associated vascular and nerve damage, especially a transient peroneal 

or pudendal nerve palsy, is not uncommon. These problems are gener-
ally associated with excessive or prolonged intraoperative traction.

2. Shortening and malrotation of the extremity frequently occur,72 even 
with intramedullary nailing. Rotational malunion occurs in 10% to 
20% of patients; the deformity is generally external rotation.73 Slight 
shortening is associated with earlier fracture union, and shortening up 
to 0.5 in should be accepted without hesitation.

3. Skin breakdown over bony prominences and pin track infections are 
complications of traction.

4. Infection is extremely rare with the closed nailing technique.
5. Nonunion occurs in approximately 1% to 5% of fractures treated with 

nailing. This problem is easily managed with nail removal, reaming, and 
repeat nailing. Healing complications are more common when small-
diameter nails are used.

6. Weakness of the abductor muscles and hip pain can occur in one-third 
of patients.

7. Knee injuries are common after femoral shaft fractures.

 VIII. DIAPHYSEAL FEMUR FRACTURES IN CHILDREN

A. For children younger than 6 to 8 years with an uncomplicated, isolated 
femoral shaft fracture, a spica cast can be used for primary treatment. The 
technique is as follows74:
1. When the patient’s general condition has stabilized, usually after at 

least 24 hours of observation in 2 to 3 lb of Buck’s traction, the patient 
is placed under general anesthesia on a fracture table. The feet are 
placed in stirrups, and traction is applied. If necessary, a sling attached 
to an overhead bar may support the fractured thigh to restore the 
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normal anterior bow of the femur. For a child younger than 2 years, it 
may be desirable to flex the hip and knee to 90°. For the older child, 
the hip is flexed approximately 20° to 30°, abducted 20°, and externally 
rotated to best align the distal fragment to the proximal fragment. The 
knees are kept extended. Radiographs are made to verify the reduction. 
The object of manipulation is to provide approximately 1 cm of over-
riding of the fragments (bayonet apposition in good alignment in both 
planes). When this position has been achieved, the skin between the 
knees and ankles is then sprayed with medical adhesive. A single layer 
of bias-cut stockinet is wrapped over the entire area as described for 
extremity casting (see Chapter 8). Quarter-inch felt, sponge rubber, or 
several additional turns of Webril may be used over bony prominences 
except between the knee and ankle. A double or one and one-half 
hip spica cast is then applied, molded carefully around the pelvis, and 
extended to embrace the rib margin. When the cast has hardened, the 
foot pieces of the fracture table are removed, and if radiographs con-
firm the proper position, the cast is extended to include both feet and 
ankles, which are well padded, in a neutral position. A crossbar is added 
to the cast.

2. Postcasting treatment. Follow-up radiographs are made at 1, 2, and 
3 weeks to be certain of the maintenance of position. The cast is worn 
for 6 to 12 weeks, depending on the age of the patient and the type of 
fracture. The family must be instructed in cast care and told to alert the 
physician if there is any evidence of pain, fever, or loss of extension of 
the great toe.

B. Children older than 8 years are too large and heavy to be managed with 
spica casts and usually receive some sort of operative fixation. Antegrade 
interlocking nails, as used in adults, are not appropriate in skeletally imma-
ture patients because of the risk of osteonecrosis of the hip. For transverse, 
length stable fractures, retrograde flexible nailing has gained increased 
acceptance.75 Trochanteric nails may be considered for the teenage child 
with fractures of the diaphysis of the femur. The starting point for the nail 
should be moved slightly lateral to decrease the risk of AVN. Compression 
plating remains a very good option76; percutaneous submuscular plating is 
an ideal technique in this age group.

C. Children with head injuries or multiple trauma should be managed with 
operative stabilization. In patients younger than 12 years, this should in-
volve plates, retrograde flexible nails, or external fixators. Children older 
than 12 years may undergo treatment with intramedullary nails.

 IX. UNICONDYLAR, SUPRACONDYLAR, AND INTRACONDYLAR 
FRACTURES

A. Mechanism of injury. In older individuals, these fractures are sustained 
with minimal trauma. In young people, these fractures are generally caused 
by massive trauma and are often associated with vascular and other soft-
tissue injuries. This fracture has a bimodal age distribution as well.
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B. Examination. A careful assessment of nerve and vascular status distal to the 
fracture is critical here as with any fracture. Care must be taken to ascertain 
any injuries to the soft tissues about the knee and whether the fracture 
extends into the joint.

C. Radiographs. Anteroposterior, lateral, and, occasionally, oblique radio-
graphic views are necessary. CT is helpful to evaluate intra-articular involve-
ment; especially coronal plane (Hoffa) fractures of either condyle.

D. Treatment
1. Displaced unicondylar fractures should be treated by open reduction 

and internal fixation. Although good results can be anticipated with the 
use of traditional devices such as the dynamic condylar screw or blade 
plate, periarticular plates are the current treatment of choice.77 Locking 
plates are not necessary for partial articular fractures.

2. Undisplaced supracondylar fractures or fractures displaced less than 
1 mm involving the joint surface may be treated by percutaneous screw 
fixation, generally with cannulated screw systems. In most cases, additional 
use of a lateral submuscular plate will reduce the risk of loss of reduction. 
In selected patients, a hinged knee brace or cast-brace may be used, but 
frequent radiographs must be obtained. In either case, early motion must 
be initiated to optimize results. Inferior results with nonoperative manage-
ment for these fractures has been documented.78 Retrograde nailing is ad-
vocated by many for simple fractures; its advantages include a less invasive 
approach and better stabilization in severely osteoporotic patients.

3. Extra-articular distal femur fractures or those occurring above total 
knee replacements can be nicely managed with retrograde supracondy-
lar nails,79,80 standard antegrade nails,81 or locking periarticular plates, 
which can often be inserted using a submuscular approach.77

4. Displaced intraarticular or supracondylar fractures are managed by 
open reduction and internal fixation.82–84 The fracture requires open ana-
tomic reduction of the joint surface via a lateral or anterolateral approach. 
Stripping of the soft-tissue attachments to the extraarticular fragments is 
avoided. This speeds union and decreases the need for bone grafting while 
minimizing infection.85 Locking periarticular plates are now the devices 
of choice. These fixed-angle locking plates have revolutionized the care of 
these fractures.77,84 Medial or varus collapse is prevented, and fixation in os-
teoporotic bone is improved. Recent reports have suggested that nonunion 
is increased with these implants when the fixation is too stiff; more flexible 
fixation can be created using fewer screws in the femoral shaft segment.

E. Postoperative care. Continuous passive motion is used while the patient 
is in the hospital and may be extended to the early posthospitalization pe-
riod (first 3 weeks) in most cases in which stable internal fixation has been 
achieved. A hinged-knee brace is generally used for 6 weeks. The goal of full 
extension and 120° of flexion by 6 weeks postoperatively is standard. Full 
weight bearing is delayed for 10 to 12 weeks. Strengthening exercises can 
then be initiated. Patients in traction require aggressive physical therapy to 
regain full extension and 90° of flexion. Active and gentle passive motion 
protocols are initiated once the fracture is clinically and radiographically 
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healed at about 8 weeks after injury. Some permanent loss of motion is 
expected for fractures treated this way as well as for severe intraarticular 
fractures managed operatively.84

HCMC Treatment Recommendations

Femoral Neck Fractures

Diagnosis: Physical examination; anteroposterior pelvis and lateral radio-
graphs, including traction/internal rotation view. Patient’s leg will be short-
ened and internally rotated.

Treatment: Open reduction internal fixation (ORIF) with multiple pins/screws 
for all impacted and nondisplaced fractures and for displaced fractures in 
active patients with good bone density. Patients with preexisting arthritis, 
younger patients with a vertical fracture pattern (Pauwel Type III), or older 
patient with significant osteoporosis should receive a prosthetic replace-
ment (hemiarthroplasty or total hip replacement).

Indications for surgery: Femoral neck fracture.

Recommended technique: Hemiarthroplasty done through an anterior or 
posterior approach to the hip—rehabilitation is easier with the anterior ap-
proach but access to the proximal femur is slightly more difficult. In active 
elderly patients, total hip replacement is considered, and when done, a 
large (36–40 mm) head is used with highly cross-linked polyethylene and 
a posterior capsular repair.

HCMC Treatment Recommendations

Intertrochanteric Hip Fractures

Diagnosis: Anteroposterior pelvis, AP hip in traction/internal rotation, lateral 
hip radiographs, clinical examination. Patient’s leg will be shortened and 
externally rotated.

Treatment: ORIF of fracture with sliding hip screw or trochanteric nail. The 
latter is used for unstable fracture patterns, including those associated 
with a femoral neck fracture (Kyle type V), those with a compromised 
lateral trochanteric wall, and reverse oblique fractures. Rarely, extremely 
comminuted fractures in extremely osteoporotic individuals are treated 
with prosthetic replacement.

Indications for surgery: Any intertrochanteric fracture, displaced or 
nondisplaced

Recommended technique: Sliding hip screw applied with patient on the frac-
ture table with C-arm control for stable fractures, cephalomedullary nailing 
with the patient in the lateral position for unstable fractures.
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HCMC Treatment Recommendations

Subtrochanteric Femur Fractures

Diagnosis: Anteroposterior pelvis and lateral proximal femur radiographs, 
clinical examination. Again, patient’s leg will be shortened and externally 
rotated.

Treatment: Depends on involvement of the piriformis fossa. Fractures below 
the piriformis fossa are treated by closed reduction and interlocking nail 
placement. Open reduction may be required in certain fracture patterns 
to ensure proper placement of the implant. If the lesser trochanter is not 
attached to the proximal fragment, a “second-generation” interlocking 
nail where the proximal interlocking screws are directed into the femoral 
head and neck are required. Fractures above the piriformis fossa may be 
treated by a sliding hip screw, 95° condylar screw, blade plate, locking 
plate, or proximal femoral nail.

Indications for surgery: All subtrochanteric femur fractures.

Recommended technique: For isolated fractures, the implant is inserted with 
the patient on the fracture table in the lateral decubitus position. Nailing of 
fractures as described is preferred; rarely a locking plate or blade plate is 
preferred based on fracture pattern considerations.

HCMC Treatment Recommendations

Femoral Shaft Fractures

Diagnosis: Anteroposterior and lateral radiographs of the femur, clinical 
examination. CT imaging of the hip is routinely reviewed for occult femoral 
neck fracture.

Treatment: Closed reduction and insertion of reamed interlocking nail.

Indications for surgery: All femoral shaft fractures in adult patients.

Recommended technique: For isolated fractures, closed interlocking nail 
placement on the fracture table with the patient in the lateral decubitus 
position. For patients with multisystem trauma, the nailing can be done 
with the patient supine on a radiolucent table with a C-arm. Rarely, a plate 
or the temporary use of an external fixator followed by conversion to an 
interlocking nail is indicated within the first 2 wk after injury. Retrograde 
nails are used for specific indications, including the morbidly obese and 
ipsilateral tibial or patellar fractures.
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Knee Injuries: Acute 
and Overuse
Elizabeth A. Arendt and Bradley J. Nelson

25
 I. FOUNDATION OF INJURY DIAGNOSIS. Knee injuries are common in active 

individuals. Both acute and overuse injuries occur, and they require different 
investigative processes to diagnose and treat them properly.

A. Subdivision of clinical categories
1. Acute injury is an injury that happens where a single application of force 

creates the musculoskeletal damage. This is common in athletics, motor 
vehicle trauma, etc.

2. Acute on chronic injury is an injury that results in a disabled state that 
can be quiescent over time and result in a new injury episode at a later 
time. This new injury would represent an acute injury. However, this 
new injury typically involves less force than the original acute injury, as 
there was preexisting damage to the musculoskeletal tissue. Common 
examples might be recurrent patella instability or recurrent shoulder 
subluxation.

3. Overuse injury is an injury that is characterized by the absence of a 
traumatic event. This kind of injury results from repetitive submaximal 
or subclinical trauma that results in macro- or microscopic damage to a 
structural unit and/or its blood supply. This overuse pattern can be seen 
in all musculoskeletal tissue but is most common in bone (overuse pat-
tern resulting in stress fracture), bursal tissues (overuse pattern resulting 
in bursitis), and tendon (overuse pattern resulting in tendinosis).

B. Clinical correlation. The clinical approach to a knee injury (acute/chronic/
overuse) depends on four cornerstones:
1. History
2. Physical examination
3. Tests and their interpretations
4. Treatment

 II. APPROACH TO THE ACUTELY INJURED KNEE

 A. History
1. Mechanism of injury. This helps to identify potential structures that 

may have been damaged by the application of force, either direct 
(contact) or indirect (noncontact, i.e., a twisting mechanism, decelera-
tion mechanism). If the injury was a contact injury, one should look 
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for external signs at the point of force application and what structures 
might have been injured as that force continues. For instance, a blow to 
the anterior tibia might create upper tibial bruising. This force creates 
a posterior displacement of the tibia on the femur, potentially injuring 
the posterior cruciate ligament (PCL). Noncontact injuries frequently 
involve rotatory twisting motion; the lower limb remains fixed as the 
upper body twists around the knee.

2. Was a pop heard or felt? A pop is frequently associated with tearing of 
a ligament, most commonly the anterior cruciate ligament (ACL), or a 
bone bruise.

3. Return to play. The degree of pain and/or disability cannot be used as 
a reliable indicator of the seriousness of an injury. However, continued 
play with little or no impairment in performance diminishes the likeli-
hood of a serious knee injury.

4. Has the joint been previously injured? Frequently this question un-
covers an acute on chronic injury. Two common examples are recurrent 
patellar dislocation and recurrent subluxation after initial ACL injury.

5. Joint swelling. A knee joint effusion or swelling within 12 hours after 
an injury is, by definition, blood within the joint. An effusion that oc-
curs after 12 hours suggests synovial fluid accumulation due to reactive 
synovitis, often due to cartilage or meniscus damage.

6. In an acute knee injury, bloody effusion or hemarthrosis is indicative 
of a significant intraarticular injury.1 The differential diagnosis is as 
follows:
a. Ligament injury. The ACL and PCLs are intraarticular, although the 

PCL is extrasynovial. Rupture of the ACL is the most common cause 
of an acute hemarthrosis (70%). Injury to the PCL may result in a 
hemarthrosis, but often the posterior capsule is injured and blood 
does not remain within the knee joint. An injury to the deep medial 
collateral ligament (MCL) may result in interarticular bleeding, but 
this is less common. The lateral collateral ligament (LCL) is extraar-
ticular and injury to this ligament does not result in hemarthrosis.

b. Peripheral meniscus tear. The outer, or peripheral, one-third of the 
meniscus is vascular, and a tear in this region results in a hemarthro-
sis. Meniscus tears in this zone have the potential for healing and are 
repairable. Tears in the inner two-thirds of the meniscus are more 
often associated with synovial irritation leading to a serous effusion 
that arises later (e.g., 24 to 48 hours) after the initial injury.

c. Fractures. Any fracture that involves the joint surface results in a 
joint hemarthrosis. In addition to obvious condylar/patellar frac-
tures, occult osteochondral fractures can be a source of hemarthrosis. 
These can include avulsion fractures of the PCL and ACL (more 
common in developing adolescents) and fractures secondary to pa-
tella dislocation.

d. Synovial/capsular tears. Patella dislocations, even in the absence of 
fractures, are a source of hemarthrosis as the medial patellofemoral 
ligament (MPFL) and medial retinacular restraints are torn. Also, a 
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significant contusion without a frank fracture or ligament/meniscus 
injury can create synovial bleeding. This is often considered a diag-
nosis of exclusion.

B. Physical examination
1. Inspection

a. Effusion (joint swelling). An effusion usually indicates an intraar-
ticular injury. The absence of a joint effusion often indicates an 
extraarticular injury. However, it is possible that a significant intraar-
ticular knee injury results in capsular disruption and extravasation of 
fluid into the soft tissue.

b. Localized bruises and abrasions. These can be useful to identify the 
point of application of force in a contact injury. These can indicate 
the direction of the force that helps to indicate what structures may 
be injured.

2. Palpation
a. Careful palpation of the injured area can often result in an accurate 

diagnosis. The medial and lateral joint lines can be palpated and may 
indicate injury to the menisci. Palpation of the LCL and MCL can 
indicate the presence and anatomic location of the injury. Tender-
ness along the medial retinaculum or at the adductor tubercle on the 
femur may indicate a patellar dislocation. Careful palpation of the 
medial plica and pes anserine tendons can indicate overuse injury to 
these soft-tissue structures.

b. Lateral patella dislocation: This is associated with tenderness along 
the patella retinaculum, especially at the medial epicondyle where 
the MPFL inserts and/or along the superior medial portion of the 
patella. Note that although the patella dislocates laterally, it is the 
medial-based structures that are injured and thus are painful when 
palpated.

3. Range of motion. Range of motion is best assessed with the patient in 
the supine position. It should be compared with the contralateral knee. 
Lack of symmetrical hyperextension or full-flexion compared with the 
contralateral knee would indicate loss of motion. When the knee has 
an effusion, the knee’s resting position is around 30° of flexion (where 
potential capsular distention is largest).
a. A locked knee is defined as the inability to obtain full passive motion 

of the joint secondary to a mechanical block. This does not mean 
that the knee is in one position, but rather that there is an inability 
to obtain full motion, typically full extension. Common causes are a 
displaced meniscus tear or loose body.

b. A pseudo-locked knee is defined as the inability to obtain full range 
of motion secondary to pain or intraarticular knee swelling. A torn 
meniscus without displacement can result in pain at the limits of flex-
ion and/or extension. If the patient’s knee “locks” in full extension 
and does not want to bend, the most common reason is an injury to 
the extensor mechanism, resulting in pain when the patient attempts 
to engage the kneecap in the trochlear groove.
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c. Active range of motion assesses the integrity of the motor units 
 surrounding a joint. Even in a severely injured knee, the patient 
 typically retains the ability to lift his or her leg. Therefore, ac-
tive straight leg raising and range of motion should be assessed. 
 Frequently missed acute knee injuries are disruptions of the ex-
tensor mechanism, which include quadriceps tendon and patella 
tendon injuries. In this instance, the patient will generally be 
incapable of a straight leg raise, or the leg is raised with a notable 
extensor lag.

d. An extensor lag is the difference between active and passive ROM 
and signifies a disrupted extensor mechanism, muscular weakness, 
nerve injury, or muscular guarding do to pain.

4. Stability testing. The sine qua non of a ligament disruption is the pres-
ence of pathologic joint motion.
a. Single plane instabilities are the easiest to test. The tibia is moved in 

relation to the femur in four known planes. The amount of instabil-
ity is graded according to the AMA classification: Grade 1, less than 
5 mm of translation or opening; Grade 2, 5 to 10 mm; and Grade 3, 
more than 10 mm of translation or opening.2

 i. Medial instability or valgus opening is associated with injury to 
medial or MCL.

The main clinical motion test for providing an analysis of 
the severity of MCL complex injuries is a valgus stress test with 
the knee flexed at 30°.

 ii. Lateral instability or varus opening is associated with injury to 
the lateral or LCL. The main clinical motion test for providing 
an analysis of the severity of LCL is a varus stress on the knee 
with the knee flexed at 30°. Typically injuries to the LCL also 
involve injury to the posterolateral complex. Motion tests to 
determine the amount of injury to the posterior lateral complex 
of the knee are the most complex of all knee examinations. It is 
beyond the scope of this manual.3

 iii. Anterior instability is associated with injury to ACL. The 
main clinical motion test for an analysis of ACL injuries is the 
Lachman test (Fig. 25-1). This is performed with the knee in 
approximately 20° of flexion, with the leg in neutral rotation. 
Grading of displacement of the tibia on the femur is along the 
AMA guidelines. The anterior drawer test (done at 90° of knee 
flexion), although historically cited, has low reliability in the 
acute setting.4,5

 iv. Posterior instability is associated with injury to PCL. The main 
clinical motion test to detect injuries of the PCL is the posterior 
drawer test. This is performed by placing the knee at 70° to 90° 
of flexion. The key to this test is accurately assessing the starting 
point of the tibia.6

 v. Medial or lateral opening with the knee in full extension indi-
cates injury to the collateral ligament as well as injury to either 
one or both of the cruciate ligaments.
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Figure 25-1. Lachman examination of the knee: This is a test for deciding the degree of an-
terior translation of the tibia under the femur. The knee is held firmly in place at 20° to 30° of 
flexion by the examiner’s hand (A) or by resting the patient’s leg over the examiner’s knee (B). 
With a firm hold of the proximal tibia, the examiner places an upward or anteriorly directed 
force on the tibia, judging both the distance of translation and the firmness of the endpoint.

A

B
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(note: If you have straight plane pathologic motion of the knee in 
full extension, i.e., knee opens to valgus stressing, it signifies injury to 
one or both central posts, e.g., the cruciate ligaments.)

b. Rotary instabilities. This refers to the rotation of the tibia around 
its vertical or longitudinal axis (Fig. 25-2).

 i. Anterolateral instability is associated with ACL injury. The 
test to determine anterolateral instability is the pivot shift test or 
Losee maneuver.7

 ii. Posterolateral instability is associated with injury to the pos-
terolateral corner (LCL, popliteal fibular ligament, popliteus 
tendon). Concomitant ACL or PCL injury is common with 
posterolateral instability. These are frequently associated with 
PCL and/or ACL injuries.

 iii. Posteromedial injuries. These injuries are rare and involve in-
jury to the PCL as well as the MCL.

 iv. Anteromedial injuries are associated with ACL/MCL injuries.
c. Extensor mechanism instability

 i. Apprehension sign. Passive lateral movement of the patella caus-
ing pain and/or quadriceps contraction is suggestive of patello-
femoral (PF) subluxation/dislocation. This maneuver is typically 
done with the leg in full extension, quadriceps muscles relaxed.

ACL

ANTERIOR

ANTEROMEDIAL
INSTABILITY

MEDIAL

MCL (deep)

MCL

POSTEROMEDIAL
INSTABILITY

POL

PCL

POSTERIOR

POSTEROLATERAL
INSTABILITY

PT

LCL

LATERAL

ITB

ANTEROLATERAL
INSTABILITY

Figure 25-2. Rotatory instability of the knee. PT, popliteal tendon. (From Arendt, EA. Assess-
ment of the athlete with a painful knee. In: Griffin, LY, ed. Rehabilitation of the Injured Knee. 
2nd ed. St. Louis, MO: Mosby; 1990, with permission.)
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Figure  25-3. Demonstrates one quadrant medial “glide.” The patella is divided visually 
into four quadrants. Holding the patella between the examiner’s thumb and index finger, the 
limits of medial and lateral motion are assessed and recorded as “quadrants” of motion. (From 
Halbrecht JL, Jackson DW. Acute dislocation of the patella. In: Fox JM, Pizzo WD, eds. The 
Patellofemoral Joint. New York, NY: McGraw-Hill; 1993, with permission.)

 ii. Straight leg-raising against gravity confirms integrity of the 
extensor mechanism, including quadriceps tendon, patella, and 
patella tendon. A “lag” sign represents the difference between 
passive and active extension of the knee. A lag signifies disrup-
tion and/or weakness of the extensor mechanism.

 iii. Medial/lateral patella restraints. Stability testing of the PF joint 
involves assessing the amount of passive patella motion in a me-
dial and lateral direction of the patella. This is typically measured 
against an imaginary midline of the patella in the resting position 
(Fig. 25-3). This maneuver tests the static restraints of the medial 
and lateral extensor retinaculum complex. Any change from the 
patient’s “normal” measured against their uninjured contralateral 
knee is suggestive of extensor mechanism retinacular injury. Most 
particularly, an increase in lateral patella translation represents 
laxity or incompetence of the medial patella femoral ligament 
and medial retinacular structures associated with lateral patella 
dislocation.
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A B C
Figure 25-4. Three types of fractures associated with patella dislocation. A: Osteochondral 
fracture of the medial patella facet. B: Osteochondral fracture of the lateral femoral condylar. 
C: Avulsion fragment of medial patella femoral ligament off medial epicondyle (osseous-
nonarticular). (From Halbrecht JL, Jackson DW. Acute dislocation of the patella. In: Fox JM, 
Pizzo WD, eds. The Patellofemoral Joint. New York, NY: McGraw-Hill; 1993, with permission.)

C. Tests and their interpretation
1. Plain radiographs

The primary utility of plain radiographs is to evaluate the knee for bony 
injury. In addition, the presence of osteoarthrosis can be determined by 
looking at the cartilage space at the tibial-femoral articulation as well as 
the patella-femoral articulation.
a. Anterior/posterior view. This radiograph is obtained in the coronal 

plane. Standing views are preferred as they best assess tibial femoral 
joint space as well as knee alignment. If pain/swelling limits full ex-
tension and/or full weight bearing, supine views are performed but 
provide less information.

b. Lateral view is obtained in the sagittal plane. The lateral view allows 
evaluation of the caudad/cephalad position of the patella. Patella alta 
or increase in the cephalad position of the patella suggests a patellar 
tendon injury if it is asymmetric. Avulsion fractures of the ACL and 
PCL can often be identified on a lateral radiograph. Trochlea dyspla-
sia is best viewed on the true lateral radiograph.

c. Axial view evaluates the position of the patella in its relationship to 
the femoral trochlear groove. Often, osteochondral fractures follow-
ing a patella dislocation can be visualized on this view. Typically, one 
would see fragmentation of the medial patella facet and/or lateral 
femoral condyle in an acute patella dislocation (Fig. 25-4). Different 
axial views have been established (Laurin’s, Merchant’s).8 The clini-
cian should become familiar with one technique. Axial views are a 
must for complete evaluation of all acute knee injuries.

d. Rosenberg or PA view with a flexed knee is taken at 45° of flexion.9 
This view is useful in determining early cartilage space, narrowing 
secondary to osteoarthrosis. This view is not typically obtained for 
an acute knee injury.

2. Magnetic resonance imaging (MRI) of the knee. MRI has its larg-
est application in evaluating meniscus and cruciate ligament injury. 
The overall accuracy is greater than 90%.10,11 An MRI is typically an 
adjunct test in the evaluation of an acutely injured knee. It should be 
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performed only if it will alter the treatment protocol and should be 
recommended by the physician who will be giving definitive treatment. 
It should never be used in the absence of a thorough and knowledgeable 
history and physical examination. Posterolateral knee structures are not 
well visualized in the standard MRI sequences and often require spe-
cial technique for accurate assessment. In addition, articular cartilage 
integrity is not well assessed with standard MRI. However, recent tech-
niques (e.g., gadolinium-enhanced, T2 mapping) and the use of more 
powerful magnets (3 Tesla) improve the accuracy of assessing articular 
cartilage injury.

3. Computerized tomography (CT) is useful in the evaluation of com-
plex fractures about the knee. Tibial plateau fractures, certain patella 
fractures, and unusual femoral condyle fractures are best visualized with 
CT. Three-dimensional reconstructions can add additional information 
about complex fractures.

4. Stress radiographs can be extremely helpful in evaluating knee ligament 
injuries. They are often difficult to perform in the acute setting when 
patients have significant pain. However, in the subacute setting, they 
are useful to evaluate the degree of FCL and MCL injury. In addition, 
they can help evaluate the degree of PCL injury. In adolescence, stress 
radiographs may allow the diagnosis of physeal injury.

5. TcMDP bone scans are most useful in occult infections and to rule 
out stress fractures. Their usefulness in diagnosing reflex sympathetic 
dystrophy is variable. This is not a common diagnostic test prescribed 
for acute knee injuries.

D. General treatment
1. Joint aspiration can be used to help evaluate and treat an acute knee 

injury. Aspiration or removal of a tense knee joint effusion can re-
duce pain and improve motion. In addition, the presence of fat drop-
lets within the hemarthrosis can make the diagnosis of an intraarticular 
fracture. Aspiration also tends to be used in nontraumatic knee joint 
effusions to evaluate for infection, rheumatologic diseases, and crystal-
line deposit diseases.

2. Immobilization/crutches. Knee joint immobilization with a brace 
or knee immobilizer is recommended until definitive diagnosis can be 
made. In addition, protected weight bearing with crutches should be 
utilized until a definitive diagnosis can be made. Care should be taken to 
avoid prolonged knee joint immobilization as this can result in muscle 
atrophy and knee joint adhesions.

3. Reduction of swelling. Strategies to reduce swelling should be included 
in the initial treatment recommendation. These include activity reduc-
tion; ice; gentle, passive or active-assisted range of knee motion; eleva-
tion; and compression.

4. Repeat examination is helpful in establishing a more firm diagnosis, 
especially when pain, swelling, and/or apprehension limit the initial 
examination.
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5. Medication: Tylenol should be the first-line medication to relieve pain 
in acute knee injuries. Nonsteroidal anti-inflammatory medications 
(NSAIDs) are commonly used to control pain and reduce swelling. 
However, NSAIDs do alter platelet function and may increase bleeding 
at the site of injury. In addition, NSAIDs may slow tissue healing by in-
terfering with the normal inflammatory process. It is recommended that 
this class of medication be used judiciously and for short periods only.

 III. SPECIFIC ACUTE KNEE INJURIES

A. Fractures of the patella
1. Anatomic considerations. The patella is a sesamoid bone that is con-

tained within the extensor mechanism. Its main function is to provide 
a lever arm for superior mechanical functioning of the extensor mecha-
nism and to help stabilize the limb in deceleration. The strong quadri-
ceps muscle tendon complex attaches to the superior pole of the patella 
and the stout patellar ligament connects the inferior pole of the patella 
to the anterior tibia.

2. Common types of fractures
a. Transverse fractures, with or without comminution. These can be 

caused by direct or indirect trauma. They frequently are associated 
with disruption of the extensor mechanism and when displaced need 
to be surgically stabilized in order to regain the mechanical function 
of the extensor mechanism.

b. Vertical fractures of the patella frequently are because of a direct 
injury; infrequently they represent an overuse injury of the patella. 
When they are associated with no or minimal displacement, they do 
not constitute a disruption of the extensor mechanism and can be 
treated nonoperatively.

c. Chip fractures of the medial border are commonly seen with a 
patella dislocation; infrequently, they can be associated with direct 
trauma. This variety will be more thoroughly discussed under patella 
dislocation.

3. Treatment
a. Undisplaced or minimally displaced fractures may be treated 

symptomatically without surgery. However, they must be protected 
from further damage. Immobilization of the knee in extension with 
an immobilizer for 2 to 4 weeks is sufficient with weight bearing as 
tolerated. Quadriceps isometric exercises can be performed during 
this time. Gentle, passive range of motion as per the patient’s comfort 
level is recommended.

b. Displaced fractures involving the articular surface or compromising 
the extensor mechanism should be treated with open reduction and 
internal fixation. A tension band wire technique through cannulated 
lag screws is the treatment of choice.12

c. Comminuted fractures usually require surgical treatment. A partial 
patellectomy is necessary if the reduction and internal fixation of the 
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fragments are not possible. If more than half of the patella remain 
intact, the comminuted pieces may be excised and the tendon su-
tured just above the subchondral bone into the remaining pole of the 
patella. Occasionally, fragments are large enough to fix with tension 
band wiring or 2.7-mm cortical lag screws.12

d. Osteochondral fractures often require arthroscopy for evaluation 
of the osteochondral fragment. These injuries are usually the result 
of a patellar dislocation. Large osteochondral fragments with viable 
bone should be fixed with careful reduction and internal fixation. 
Cartilage injuries are ominous for the future health of the joint; their 
treatment is beyond the scope of this text.13,14

e. Postoperative treatment must be individualized according to the 
type of fracture and the security of the repair. Most knees are ini-
tially placed in a compressive dressing with a posterior splint or knee 
immobilizer. If rigid internal fixation is achieved and the patient is 
trustworthy, early protective passive range of motion is initiated, 
progressing to active motion. Typically, 6  weeks of some form of 
immobilization is necessary for healing of the fracture(s). Quadricep 
muscle strengthening exercises, within the limits of the allowed knee 
motion, should be encouraged throughout this time.

f. The prognosis of patella fractures depends on the ability to rees-
tablish a congruent articular surface as well as a well-functioning 
extensor mechanism. If articular damage is minimal and good exten-
sor mechanism strength can be restored, the prognosis for patella 
fractures is excellent.

B. Patellofemoral dislocations
1. Anatomic considerations. The MPFL is the main patella stabilizer 

against lateral patellar dislocation.15 Lateral patella dislocations are as-
sociated with MPFL disruption, but to date there is not evidence that 
laxity of this ligament is a risk factor for PF dislocation. There are ana-
tomic risk factors for lateral PF dislocation, and they include patella alta, 
increased quadricep vector, and trochlear dysplasia.16

2. Mechanism of injury. This injury can result from a direct blow but is 
more commonly associated with a noncontact twisting injury involving 
an externally rotated tibia combined with a forceful quadriceps contrac-
tion. The patella is dislocated laterally which disrupts the MPFL and 
medial retinaculum. Spontaneous reduction frequently occurs when the 
patient instinctively tries to straighten his or her leg. When the patella 
relocates, osteochondral injury can occur as the medial patella facet 
abuts the lateral femoral condyle. These two areas, in particular, should 
be scrutinized for osteochondral damage (Fig. 25-4).

Medial patellar dislocations are rare in knees that have not had 
previous surgery. It is most often associated with iatrogenic causes, in 
particular an overzealous lateral retinacular release.17

3. Physical examination. The patient will invariably have medial retinacu-
lar tenderness, especially at the medial femoral condylar region. If an 
attempt is made to displace the patella laterally, the patient resists this by 
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reporting pain and/or contracting their quadriceps muscle thus limiting 
patella excursion (patella apprehension test). A straight leg-raise leg test 
should be attempted. This may result in patient discomfort but should 
be possible with only a minimal extensor lag (the difference between 
passive and active extension).

In the acute setting passive patella mobility is hard to judge 
secondary to pain. In the subacute or chronic setting, increased passive 
patella lateral translation is a necessary component to make the diagno-
sis of lateral patella dislocation by physical examination.

4. Radiographs. AP lateral and axial view radiographs are necessary for 
a complete evaluation of PF dislocations. If the patient is seen prior to 
spontaneous reduction of the patella, axial views will reveal the dislo-
cated patella. Once reduced, the axial view may reveal residual tilt and/
or subluxation as well as the presence of osteochondral fragmentation. 
Axial views taken in lower degrees of flexion (Laurin’s 20° views18 or 
Merchant’s 30° views19) will be more likely to show minor degrees of 
continued increased lateral translation.

5. Treatment
a. If the patella remains dislocated, a reduction should be performed 

without delay to relieve pain. Achieve intravenous analgesia with 
morphine sulfate and a hypnotic before reduction is attempted. Once 
the patient’s muscles are relaxed, the knee is placed in full extension 
and the patella is reduced into place by a gentle, medially directed 
pressure. Slight elevation of the medial border of the patella during 
this maneuver is ideal. On occasion, the kneecap can be “trapped” by 
the condyle, and reduction can be difficult. After appropriate prep of 
the skin, grabbing the kneecap with a large towel clip and using it to 
gently unlever the kneecap can be a useful maneuver for difficult re-
ductions. Owing to large hematomas frequently associated with patella 
dislocations, and the fact that there is a large retinacular tear medially, 
the use of local intraarticular anesthetic is not particularly helpful for 
the reduction. General or regional block anesthetic is rarely required.

b. If a large associated hemathrosis is present, aspiration of the knee 
joint is suggested for pain relief.

c. There is no consensus in surgical treatment for patellar disloca-
tions. It is recommended that arthroscopy with removal or repair 
be undertaken in patients with osteochondral fractures. It is unclear 
whether concomitant surgical repair of the injured medial retinacular 
structures is necessary in this situation.20,21

d. When acute surgical repair is performed, it is directed at the medial 
retinacular structures with repair or reconstruction of the MPFL. 
The results of acute repair of the MPFL in primary patella disloca-
tion have not shown improved results over nonoperative manage-
ment.22 Whether associated risk factors such as pattela alta should be 
corrected at the time of surgery continues to be debated.

e. If there is no evidence of a fracture or continued radiographic 
evidence of increased lateral translation and or/tilt, nonoperative 
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treatment can be elected. Nonsurgical treatment is directed at 
providing an environment where the patella does not dislocate, and 
restoring joint motion and strength. There is agreement on the goals 
of such treatment; however, there is no consensus on the degree of 
knee flexion when immobilized, or length of knee immobilization.23 
One accepted protocol is for the patient to be treated initially with 
crutches and a knee sleeve, encouraging gentle motion and weight-
bearing (WB) ambulation. In the presence of a significant hemar-
throsis, a compression dressing and immobilization in extension is 
appropriate until early motion and WB is comfortable. The patient 
increases WB and independent knee motion as their knee pain and 
strength allow. The knee sleeve is used for 4 to 6 weeks while an ag-
gressive strengthening program is pursued, directed at CORE and 
those muscles that control limb rotation, in addition to the quadri-
ceps muscles. Typically 6 weeks of monitored activities, keeping the 
knee out of pivoting and twisting activities, is recommended. The 
most important thing to accomplish in the first 6 weeks postinjury 
is return of normal quadriceps strength. Return to full functional ac-
tivities should be based on functional strength rather than a specific 
period from the original injury.24

6. Complications
a. Recurrent dislocation. The main physical examination feature 

associated with recurrent dislocation is continued quadriceps weak-
ness. Recurrent dislocators who have not successfully accomplished 
strength comparable with their other side will likely need surgical 
reconstruction to stabilize their patella, and often have risk factors of 
patella alta and/or trochlear dysplasia. Recurrent patella dislocations 
are frequently associated with recurrent effusions at the time that 
the patient dislocates; a history that “my knee gives out” following 
an initial patella dislocation may represent quad weakness and not 
necessarily a redislocation.

b. Degenerative joint changes of the PF joint may occur when sig-
nificant cartilage trauma is present from the initial/recurrent patella 
dislocation.

C. Meniscus injuries
1. Anatomic concerns. The menisci are C-shaped structures consisting of 

type I collagen that rests on the medial and lateral tibial plateau. The 
primary function of the meniscus is to distribute force and protect the 
articular cartilage. In addition, the medial meniscus provides stability 
to the knee. This is particularly important when the ACL has been 
compromised.

2. History
a. Mechanism of injury. Most isolated injuries of the meniscus are 

secondary rotatory stress on a weight-bearing knee. In young pa-
tients, this is usually associated with a traumatic event. However, 
in older patients, the meniscus may tear with repetitive activities of 
daily living.
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b. Patients often complain of sharp pain along the medial or lateral joint 
line. They may also complain of locking or catching.

3. Physical examination25

a. Joint line tenderness is typically present along the medial (medial 
meniscus tear) or lateral (lateral meniscus tear) joint lines. This joint 
line pain increases with attempts at full extension or full flexion.

b. The McMurray test. An audible, palpable, and often painful clunk 
is produced when the knee is extended from the full flexed position 
while the tibia is forcefully externally rotated (medial meniscus) or 
internally rotated (lateral meniscus). This sign is associated with a 
torn meniscus. Crepitus or pain along the joint line, even in the 
absence of an audible clunk, is also suggestive of a meniscus tear. 
Although this test is classically discussed in most text books, the reli-
ability is low.26

c. Typically the normal knee has less than 15 mL of fluid and is not 
detectable on physical examination. Small amounts of fluid can be 
detected by “milking” the suprapatellar pouch, looking for a fluid 
wave as one tries to push the fluid from the lateral side of the knee to 
the medial side of the knee. This maneuver is the best way to detect 
small amounts of swelling. The presence of an effusion often limits 
complete range of motion and can result in pain with attempts at full 
extension or full flexion.

4. Radiographs
a. Although a meniscus tear is not visible on plain radiographs, these 

studies should be obtained on patients with suspected meniscal 
pathology. The presence of osteoarthrosis on X-ray evaluation is an 
important factor to consider when developing a treatment plan for a 
meniscal tear.

5. MRI is frequently performed to confirm the presence of a meniscus tear. 
It has a high accuracy rate in diagnosing meniscus tears (>93%).10,11

6. Treatment
a. The surgical treatment of an isolated meniscus tear depends on 

the location and morphology of the tear. The outer one-third of the 
meniscus has a vascular supply and is amenable to repair. The success 
of meniscal repair is higher when a concomitant ACL reconstruction 
is performed.27 Tears of the inner third are in the avascular zone and 
probably best treated with partial menisectomy in most patients.

b. A symptomatic meniscus tear in the nonrepairable zone and/or 
a complex meniscus tear that persists despite conservative manage-
ment should be arthroscopically debrided. However, in the older age 
group, consideration must be given to the fact that the symptoms 
may be the result of osteoarthritis and cartilage wear and not from 
the meniscal tear.

c. In the older age group, where one suspects a degenerative meniscus 
tear, the meniscus tear is a reflection of generalized early arthritis of 
the knee joint. This “tear” should be treated symptomatically ac-
cording to the patient and physician’s discussion. The presence of a 
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degenerative meniscus tear on MRI is not an indication to treat. If 
the symptoms associated with a degenerative meniscus tear can be 
resolved with rest, relative rest, and/or medication, surgical treatment 
may not be necessary.28

 D. Ligamentous injuries of the knee
1. Anatomic considerations. The ACL resists anterior translation of the 

tibia relative to the femur. In addition, the ACL resists rotation of the 
tibia on the femur. The ligament has two distinct bundles: the antero-
medial that controls anterior translation and the posterolateral that 
primarily controls rotation. The PCL functions to resist posterior trans-
lation of the tibia on the femur. This ligament also has two bundles: the 
anterolateral that functions in more flexion and the posteromedial that 
functions in more extension. The LCL or FCL limits varus opening and 
is part of the posterolateral complex. The MCL or TCL has a superficial 
and a deep component. The deep component is essentially a thickening 
of the joint capsule.

2. Mechanism of injury
a. Ligamentous injuries can be the result of a direct or indirect trauma. 

Indirect trauma frequently occurs when the body rotates around a 
relatively fixed foot/leg. Direct injuries are a consequence of force 
directed to the knee or limb. Typically, the ligament opposite to the 
area of contact is the ligament that is the most vulnerable. For in-
stance, a blow to the lateral side of the knee usually results in injury 
to the MCL.

b. As mentioned above, MCL injuries result from a valgus stress to the 
knee. In addition, the MCL can be injured along with the ACL or 
PCL in higher energy mechanisms. In an isolated tear of the MCL, 
palpable discomfort can be detected anywhere along the ligament 
from its origin on the medial femoral condyle to its insertion on 
the tibia (approximately three finger breadths below the joint line). 
The deep capsular ligament is a thickening at the joint line. Medial 
joint line tenderness is also associated with medial meniscal injuries. 
However, different from a meniscal injury, an MCL injury would 
create pain to stressing the knee in a valgus direction, as well as exter-
nally rotating the leg with the knee flexed. Although attached to the 
medial meniscus, the incidence of an in-substance medical meniscus 
tears in an isolated tear of the MCL is low.29

c. Isolated injuries of the LCL are rare and occur with varus stress. 
These seem to be more prevalent in wrestling. The LCL is more 
frequently injured as part of a complex ligamentous injury pattern 
involving the ACL and/or the PCL. These injuries tend to be associ-
ated with a high-energy mechanism and may result in peroneal nerve 
injury. These injuries require urgent evaluation by an orthopaedic 
surgeon.

d. Isolated tears of the PCL are most commonly caused by a direct 
posterior blow to the proximal tibia. This occurs when the knee 
strikes the dashboard in a motor vehicle crash or when the knee 
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strikes the ground in a collision sport such as football. Isolated PCL 
tears can also occur from a hyperextension mechanism; however, this 
mechanism usually results in additional injury to the medial or lateral 
structures.

e. Isolated ACL injuries occur either through noncontact deceleration 
mechanisms or direct contact. Noncontact injuries are much more 
common. Risk factors for noncontact ACL injuries have been studied 
intensely.30 Deficits in neuromuscular control have been implicated 
as a primary cause of noncontact ACL injuries, particularly in female 
athletes. Jump landing training may improve this control and prevent 
injury.31,32

3. Physical examination. The sin quo non of a knee ligament injury is 
pathologic joint motion. The specific ligament tests were discussed 
previously.
a. An acute knee examination should include all major ligamentous 

structures within the knee. Significant anterior–posterior translation 
(>10 mm) with the drawer or Lachman test may suggest an injury to 
both the ACL and the PCL.

4. Treatment
a. Isolated tears of ligamentous injuries

 i. MCL. Most isolated tears of the MCL can be treated nonop-
eratively.29 Grade 3 injuries require protective bracing and early 
range of motion. Complete recovery after isolated MCL injuries 
is expected. Proximal injuries tend to heal more reliably than dis-
tal MCL injuries. For complete tears, progressive weight bearing 
on crutches, in a brace limiting valgus stress for 4 to 6 weeks, is 
recommended for the best outcome of restored joint stability. In 
the absence of a complete tear of the MCL, one can bear weight 
as pain and motion permits. Complete recovery after isolated 
MCL injuries is the norm, although distal MCL tears typically 
have more disability and take longer to heal.

 ii. Isolated PCL injuries are usually grade 1 or grade 2 injuries 
and can be treated nonoperatively. In the rehabilitation process, 
special emphasis on quad strength is important to maintain a 
muscular support to limit posterior displacement of the tibia.

 iii. Isolated tears of the ACL are prone to subluxation events when 
jumping and pivoting activities are performed. In young active 
patients, or middle-aged patients who have a high demand job or 
recreational aspirations, ACL reconstruction is typically advised. 
The goal of ACL reconstruction is to prevent future subluxation 
events that can be associated with meniscus and/or articular car-
tilage damage.

 iv. Multiligamentous knee injuries range from relatively common 
ACL and MCL injuries to much more complex knee disloca-
tions. The MCL will often heal spontaneously when associated 
with and ACL reconstruction. Subsequent ACL reconstruction 
is all that is required. MCL injuries associated with PCL tears 
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are more controversial. Surgical reconstruction of both ligaments 
is frequently required. ACL or PCL injuries associated with a 
LCL injury usually require surgical reconstruction of all involved 
ligaments.

E. Knee dislocations
1. Evaluation and treatment. Knee dislocations are relatively uncommon 

and are often associated with high-energy mechanism of injury. Imme-
diate reduction is required. A reduction under anesthesia is sometimes 
necessary. Careful neurovascular evaluation is required following reduc-
tion of a knee dislocation.33

The preferred test is to obtain ankle brachial indices. If the ABIs are 
asymmetric, arteriography should be performed. Careful monitoring 
for compartment syndrome is essential, and prophylactic fasciotomy 
may be necessary. An external fixator may be required to stabilize the 
knee joint in cases of severe instability or when a vascular repair is 
required.

2. Ligament reconstruction following knee dislocation is a complex 
decision-making process.34

The condition of the skin and soft tissues, the presence of bony 
fractures, and the status of all involved ligaments must be taken into 
account to develop a treatment plan.35

In general, ACL and PCL injuries associated with lateral sided inju-
ries are best reconstructed within 6 weeks of injury. LCL reconstruction 
is preferred over a direct repair. Injuries involving the MCL are more 
controversial. It is often advisable to achieve full range of motion prior 
to reconstructing the ACL, PCL, and MCL.

F. Extensor mechanism disruptions
1. Anatomic considerations. The extensor mechanism consists of the 

quadriceps muscle complex, quadriceps tendon, patella, patella tendon, 
and patella tendon insertion into the tibial tubercle. Disruption of the 
extensor mechanism along any one of its parts can result in failure of the 
patient to perform a straight leg raising effort. A partial tear frequently 
results in the patient’s ability to lift his or her leg, but with a considerable 
lag (difference between passive and active extension of the leg).

2. Clinical considerations.
a. A quadricep tendon disruption is difficult to assess on physical 

examination unless one requests a straight leg raising effort by the 
patient. Quadricep tendon ruptures are a frequently missed after 
acute knee injury. A routine knee MRI does not always scan proxi-
mal enough to accurately diagnose this injury; therefore this must be 
requested when ordering an MRI.

b. Patella tendon disruptions are often associated with an indirect 
trauma consisting of a forceful quadriceps contraction against a rela-
tively fixed lower limb. These can be subtle injuries.

If the rupture is below the inferior border of the patella (i.e., in 
the patella tendon or at the tibial tubercle), patella alta would be 
present, best seen on lateral knee X-rays.
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c. Extensor mechanism disruptions, especially quadriceps ruptures, 
commonly occur in patients with systemic illness such as diabetes 
or renal failure, or with use of exogenous steroids (prednisone or 
anabolic steroids). Cortical steroid injections for treatment of pa-
tella tendinosis have been associated with an increased incidence of 
rupture.

3. Treatment. The goal of treatment is to restore a functioning extensor 
mechanism to the knee. This is best accomplished surgically.

 IV. SPECIAL CONCERNS IN THE GROWING ADOLESCENT

A. Physeal injuries. Acute knee trauma in a growing adolescent can result in 
injury to the physis (growth plate).

1. A distal femur physeal injury can be confused with a MCL injury. This 
is particularly true if the physeal injury is nondisplaced. Stress radio-
graphs should be performed if there is any suspicion for a physeal injury. 
Surgical reduction and stabilization for unstable physeal injuries are 
required. Stable (nondisplaced) injuries may be treated nonoperatively.36

2. The tibial apophysis can avulse in the adolescent with closing growth 
plates. The tibial growth plate fuses from posterior to anterior, and 
an avulsion of the tibial tubercle frequently involves an intraarticular 
fracture. This injury is associated with a strong quadriceps contraction 
such as landing from a jump. Radiographs may reveal patellar alta as 
well as the displaced tibial tubercle. Surgical reduction and fixation are 
preferred for displaced injuries.

B. Ligament avulsion. Cruciate ligament avulsions can occur in the growing 
adolescent. Tibial eminence avulsions at the insertion of the ACL are the 
most common. Displaced injuries require surgical reduction and fixation. 
Associated stretch injury to the ligament may result in residual laxity.

 V. OVERUSE SYNDROMES

A. Definition. Repetitive submaximal or subclinical trauma that results in 
macro- and/or microscopic damage to a tissue’s structural unit can result in 
pain and/or dysfunction. Although clinicians refer to it as an “itis,” an in-
flammatory response is not seen histologically. It is thought that damage to 
a tissue’s structural unit and/or blood supply is a frequent cause of overuse 
injuries.

The most common form of overuse injury is from an endogenous 
source, that being, mechanical circumstances in which the musculoskeletal 
tissue is subjected to greater tensile force or stress than the tissue can ef-
fectively absorb.

B. History. Overuse injuries are characterized by the absence of an acute in-
jury, or at least no injury significant enough to explain the current clinical 
situation. The most important feature to look for in the patient’s history is 
a “change” in functional demand. A transitional athlete/worker, defined as 
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a person with a change in his or her internal or external environment, is at 
high risk for development of overuse injuries. These include the following:

1. Change in intensity of repetitive activity (distance/time)
2. Change in frequency or duration of repetitive activity
3. Changes in equipment (footwear/surface changes including material 

composition and/or slope)
4. Changes in competitive climate/work climate/activity level
5. Changes in weather
6. Changes in lifestyle (puberty, aging, significant weight gain, and, for 

women, pregnancy and menopause)

C. Physical examination
1. Inspection

a. Alignment of the limb is a must in evaluating any overuse injury 
of the lower extremity. This includes tilt of the pelvis, rotation of 
the femur, varus or valgus alignment of the knee, and pronation 
or supination at the foot. Any change in “normal alignment” can 
cause tissue overload anywhere along the kinetic chain. Some limb 
alignment features are constitutional and cannot be changed short 
of surgery; others can be modified. The two most common forms of 
modification are as follows:

 i. An orthotic may change the position of a flexible foot and thus 
can affect the entire kinematic chain. Particularly, a flexible pro-
nated foot can be restored to normal alignment with the use of 
an orthotic.

 ii. An anteriorly tilted pelvis is associated with increased internal 
femoral rotation and functional knee valgus. This can fre-
quently be altered by appropriate hip abductor and extensor 
strengthening exercises.37

b. Redness or warmth is not common in overuse injuries but may 
indicate the presence of an injured bursa or tendon.

c. Joint effusion is not common in overuse injuries. It indicates an 
intraarticular source of pathology.

D. Investigational tests
1. Strength tests. These can include the following:

a. Weakness compared with the contralateral limb.
b. Concentric (muscle shortens while contracting) muscle strength ver-

sus eccentric (muscle lengthens while contracting) muscle strength in 
same muscle group.

c. Agonist (joint motion in one plane due to muscle contraction) 
versus antagonist (the muscle group opposing or resisting joint mo-
tion caused by agonist muscle) strength in same limb (i.e., quad to 
hamstring strength)

d. Absolute strength and peak torque to body weight ratio compared 
with population norms.

e. Endurance strength with a measure of muscle fatigability.
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2. Evaluation of flexibility, especially in key muscle groups, including 
quadriceps, hamstring, hip flexors, and Achilles tendon.

E. Radiographs
1. Plain radiographs are infrequently necessary for evaluation of overuse 

injuries. Radiographic views of the PF joint, in particular, axial views 
may be helpful to assess patella position. Standing knee views show 
arthritic changes including bone spurs and joint space narrowing.

2. MRI. The main advantage of an MRI is its ability to view intra-versus 
extraarticular pathology. Routine use of an MRI to diagnose overuse 
injuries is not advantageous. Although significant tendinosis and bursal 
edema can be visualized by MRI, these entities tend to also be identifi-
able on clinical examination.

F. Blood work/Knee Aspiration
1. When there is a knee effusion that arises spontaneously or is associated 

with other complaints (e.g., rash or fatigue), it is important to consider 
systemic diseases. Evaluate for systemic disease, including collagen 
vascular disease and Lyme disease.

These patients require laboratory evaluation including complete 
blood count with differential, erythrocyte sedimentation rate, C-reactive 
protein, rheumatoid factor, fluorescent antinuclear antibody test, and 
Lyme titer.

When there is a knee effusion without trauma, aspiration is done to 
rule out infection versus inflammatory conditions; the fluid should be 
sent for culture, cell count, and crystalline analysis.

G. Treatment

1. Reduce tissue irritation and pain with:
a. Analgesic non-narcotic medications [ NSAIDs, acetaminophen]
b. Physical therapy modalities (ultrasound, e-stim, massage) as well as 

strengthening and gait training
c. Rest or relative rest of the injured part (reduce activities, substitute 

activities, and protect the injured part)
d. Ice
e. Elevation and compression if swelling is present

2. Correct anatomical problems when possible (patella sleeves, orthotics, 
braces, taping, rarely surgery).

3. Correct biomechanical errors when possible (training sequence, sport 
style and form, strengthening and stretching of musculoskeletal units, 
evaluation of workplace station).

4. Correct environmental concerns when possible (new shoes, change to 
a more absorbent surface, adequate clothing).

H. Sports-specific rehabilitation
1. Recovery of strength

a. Closed chain exercises of the lower extremity are those exercises where 
the foot is supported or planted during the exercise thus “closing the 
loop.” Leg press or stand-up exercises such as partial squats are examples 
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of closed chain lower leg exercises. For lower extremity activities, 
closed chained techniques are more functional and can obtain compa-
rable gains in quadriceps strength with less overuse of the PF joint.37

b. Concentric/eccentric muscle strength. Concentric muscle contrac-
tions occur when a muscle shortens as it contracts. In an eccentric 
contraction, the muscle lengthens as contraction occurs.

Eccentric strengthening has long been favored for recovery of 
strength in the treatment of tendinosis. For the PF joint, eccentric 
muscle activity is an important part of functional use of the joint. 
Eccentric strength is the main decelerator of the body, an important 
function of the quadriceps complex.

I. The physician. The physician’s role in managing overuse injuries is to make 
the appropriate diagnosis, recommend treatment, and educate the patient. 
Patient education is the best treatment for the prevention of future overuse 
injuries.

J. The patient. The patient’s role is to understand the causative factors in 
the injury and to understand the progression from injury to wellness. This 
includes activity modifications and their role in modifying their activities. 
The patient needs to implement a paced return to full activities.

 VI. SPECIFIC OVERUSE INJURIES ABOUT THE KNEE

A. Patellar tendinosis
1. Patellar tendinosis is a common overuse injury that more typically af-

fects the proximal attachment of the patella ligament to the inferior pole 
of the patella, but can also affect the distal end of the tendon. Patellar 
tendinosis is also called jumper’s knee because it frequently occurs in 
athletes who require repetitive eccentric quadricep contractions (landing 
from a jump). In addition athletes who participate in frequent heavy 
weight training commonly develop patellar tendinosis.

2. The cause of patellar tendinosis is generally considered to be chronic 
stress overloading resulting in microscopic tears of the tendon with in-
complete healing.

3. Treatment is most commonly nonoperative. In addition to the general 
scheme of treatment of overuse syndromes outlined previously, the 
primary treatment emphasizes maximizing quad strength and knee joint 
flexibility, reducing repetitive eccentric quadriceps contraction exercises, 
and readding them in a paced fashion.38

An ultrasound can be used to define the area of the tendon affected 
by chronic tearing and subsequent degeneration, and this area can be 
injected with various nonsteroid substances.39

Infrequently, surgery is necessary for the patient with recalcitrant 
disease.40

B. Iliotibial band syndrome
1. Iliotibial band (ITB) syndrome (also known as ITB tendinosis) 

is caused by excessive friction between the ITB and the distal lateral 
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femoral condyle. The ITB functions as a weak extender of the knee in 
near full extension, and a more powerful knee flexor after 30° of knee 
flexion. The ITB is most stretched over the lateral femoral condyle at 
30° of knee flexion. This condition is common in runners and cyclists.

2. Anatomic factors have been implicated in ITB syndrome and include 
excessive foot pronation, genu varum at the knee, tight lateral patella 
retinacular structures, and an anterior tipped pelvis. Treatment is di-
rected at modification of the initiating causative factors and reducing the 
excessive friction. Stretching of the ITB, treating foot pronation with an 
orthotic, treating a tight lateral patella retinaculum with manual therapy, 
and repositioning of an anterior tilted pelvis all can be useful interven-
tions when the patient has these physical examination features.

C. Patellofemoral pain syndrome
1. Definition. PF pain syndrome is used to describe a constellation of 

symptoms that are related to the PF joint. Typically, this type of pain is 
considered an overuse syndrome, although the exact etiology and nature 
of pain continues to be poorly understood. PF pain syndrome is that 
pain which originates in the anterior knee structures, in the absence 
of an identifiable acute injury (blunt trauma, dislocating or subluxing 
patella).

Chondromalacia patella (CMP) is a term often used to describe an-
terior knee pain, although use of this term to describe clinical symptoms 
is not appropriate. It should be used only to describe the pathologic 
entity of cartilage softening on the underneath side of the kneecap. 
Typically this could only be diagnosed by surgical observation or MRI. 
The presence of cartilage softening does not always result in the clinical 
symptom of pain.

2. Preexisting conditions. Anatomic factors that can predispose a patient 
to PF pain can include flexibility deficits of the limb, malalignment of 
the lower limbs including excessive femoral anteversion, high Q-angle, 
rotation variations of the tibia, genu valgum at the knee, hind foot 
valgus, and pes planus. Kneecap malalignment, both static and func-
tional, has been implicated in the etiology of PF pain. However, there 
are a few population-based studies to support the “malalignment theory 
kneecap pain.” Any one abnormality may be trivial as a single entity. 
However, in combination with other anatomic variables and associ-
ated with overtraining and overuse, they frequently can lead to overuse 
injury.

The role of malalignment and the etiology of PF pain continue to 
be debated. Radiographic imaging studies can reveal a patella that is ma-
laligned within the trochlear groove, as evidenced by a patella excessive 
lateral patella tilt and/or translation. Some malalignment syndromes of 
the patella are residual from a previous subluxing or dislocating events. 
However, other malalignment syndromes can be present in the absence 
of an acute event, and frequently are similar in both knees of the same 
person. It is felt that patella malalignment, when constitutional in a 
person, can become an overuse syndrome more readily and become 
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a painful problem. In patients’ who have pain and swelling as their 
primary presenting symptoms, evaluation of their cartilage integrity is 
advised; typically with an MRI.

3. Clinical presentation. The most common clinical presentation of a 
PF pain syndrome patient is pain on the anterior aspect of the knee 
that is aggravated by prolonged sitting and stair climbing. Because the 
retinacular structures of the patella extend both medially and laterally 
from the patella, pain can also be associated with either medial- or 
lateral-sided knee pain, therefore, it can create a very confusing clinical 
presentation. It is infrequently associated with swelling. Giving-way 
episodes can be reported; typically the giving-way episode is with 
straight-ahead activities or stair climbing, when one tries to engage the 
quad and the quad “fatigues.” This should not be confused with giving-
way episodes associated with ligamentous instability, which typically 
occur with planting, pivoting, or jumping activities. Patients can also 
present with catching or clicking phenomena. This can occur because 
of irritation of the kneecap as it tracks in the trochlear groove. Another 
common patient complaint is that the knee “locks.” If the knee “locks” 
in full extension, this is a manifestation of PF pain. The patient does 
not want to engage the knee cap in the groove because of pain, and, 
therefore, keeps his or her leg straight. If the knee is locked secondary 
to a loose body or torn meniscus, it is always locked in some degree of 
flexion.

4. Treatment. Nonsurgical treatment is the cornerstone for most PF pain 
disorders. The primary goal of PF rehabilitation is to reduce the symp-
toms of pain. This is done by a combination of physical therapy exercises 
and modalities, improving quadriceps strength, and endurance. Other 
tools such as orthotics, knee sleeves, and McConnell taping can be 
used.41 Pelvic muscle strength, especially hip abductor and hip extensor 
strength, is essential for rotational control of the limb.42,37

D. Pes anserinus bursitis
1. Definition. The “pes” tendons are terminal insertions of three long-

thigh muscles, one from each muscle group. These tendons come 
together to insert on the anteromedial aspect of the proximal tibia, be-
tween the tibial tubercle and the distal (tibial) attachment of the medial 
(tibial) collateral ligament. The three tendons are sartorius (femoral in-
nervation), gracilius (obturator innervation), and semitendinosis (sciatic 
innervation). They are powerful internal rotators of the leg (tibia) and 
also aide in knee flexion.

2. Clinical presentation. The patient will present with soreness just below 
the medial knee, which can be reproduced by direct palpation or resisted 
internal rotation of the leg. In middle age, it can represent a referred 
pain pattern from the knee due to medial knee arthritis.

3. Treatment. In addition to the rest, ice, compression, and elevation 
(RICE) principle and physical therapy with modalities of stretching and 
strengthening, a steroid injection at the bursa site can be helpful.
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 VII. SPECIFIC CONCERNS OF OVERUSE INJURIES IN THE ADOLESCENT 
ATHLETE

A. Osteochondritis dissecans
1. Definition. Osteochondritis dissecans (OCD) is injury to the subchon-

dral bone that most often begins in the skeletally immature athlete. 
Although the etiology of this subchondral bony injury is unknown, 
the most common theory is repetitive stress loading of the bone. Other 
commonly accepted theories include abnormal ossification within the 
epiphysis, ischemia, or endocrine abnormalities. Approximately 40% 
of patients with OCD have a history of prior knee trauma. The medial 
condyle is involved 85% of the time with less frequent involvement of 
the LFC, patella, and trochlear. Fifty percent of loose bodies in the knee 
are associated with OCD.43

2. Natural history. Most OCD lesions diagnosed in the skeletally im-
mature knee will heal spontaneously with activity modification. Lesions 
that have not healed by physeal closure usually will persist into adult-
hood. These lesions may occasionally separate away from the health 
bone and form a loose body. Juvenile OCD lesions can be treated non-
surgically with activity modifications. The use of cast immobilization is 
controversial. The use of an unloader brace may be helpful in aiding the 
resolution of juvenile OCD lesion. Failure of the lesion to heal within 
6 months is an indication for surgical intervention. Arthroscopic drill-
ing with or without internal fixation has been shown to provide good 
results.

3. Treatment
a. Juvenile osteochondral lesions can generally be treated nonsurgi-

cally with rest or reduction from high-impact activities and repetitive 
deep knee bending. The goal is to have the knee become pain free. 
The presence of an effusion is indicative of possible disruption of 
the articular surface, signifying the need for surgical evaluation. The 
patient and their family should be informed to return to the doctor 
if recurrent effusions are present. Following these patients in regular 
intervals (6 to 12 months) until resolution of the lesion on X-ray is 
advised.

b. The treatment of symptomatic OCD lesions in the adult usually 
requires surgical management. Arthroscopically assisted or open 
internal fixation of the lesion can save the patient’s native articu-
lar cartilage. Cartilage restoration procedures may be required 
if the articular cartilage is not viable and the patient remains 
symptomatic.13,14

B. Tibial tubercle apophysitis (Osgood–Schlatter disease)
1. Clinical diagnosis. Osgood–Schlatter disease is an irritation of the in-

sertion site of the patellar tendon into the tibial tubercle. It is frequently 
seen in the rapidly growing adolescent athletic with open growth plates. 
Chronic irritation results in bony overgrowth at the tibial tubercle. 
Radiographs may demonstrate a prominent or irregular tibial tubercle 
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apophysis. There may be a free bony ossicle anterior and superior to the 
tibial tubercle.

2. Treatment. Symptoms tend to resolve with fusion of the tibial tubercle 
apophysis. Therefore, treatment is aimed at symptom control until 
skeletal maturity. Activity modification, icing, and physical therapy can 
be helpful. Surgical treatment is rarely indicated. Aggressive treatment 
might occasionally involve limited use of a knee immobilizer in recalci-
trant cases where the patient is dysfunctional in day-to-day activities or 
noncompliant in activity reduction.
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Fractures of the Tibia
Mohit Bhandari and Marc F. Swiontkowski

 I. FRACTURES OF THE TIBIAL PLATEAU1–4

A. For practical purposes, fractures of the tibial plateau are classified as follows:

1. Undisplaced (a vertical fracture of the plateau)
2. Split (a split fracture with displacement, with or without slight comminution)
3. Depressed (centrally depressed fracture)
4. Split and depressed with an intact tibial rim
5. Any of 1 through 4 with metaphyseal or even diaphyseal extension. 

The elements of these descriptions are contained within Schatzker sys-
tem (Fig. 26-1).

B. Examination is different from that for other knee injuries. It is wise to 
carry out a definitive examination only after roentgenographs have been ob-
tained. Differential diagnosis includes a major ligamentous injury or knee 
dislocation.5–7 The examination should include inspection for wounds, eval-
uation of the distal circulation (pulses and capillary refill), and neurologic 
(motor or sensory) function. Motion and stability should not routinely be 
assessed in these injuries; however, this type of injury can be associated with 
ligamentous or meniscal damage.1

C. Radiographs. Oblique films in addition to the routine anteroposterior and 
lateral radiographs are often helpful in identifying fracture lines and articu-
lar displacement. Computed tomography demonstrates minor fractures and 
accurately depicts the degree of depression of the tibial plateau; axial cuts 
with sagittal reconstruction are the routine.

D. Magnetic resonance imaging (MRI) can be helpful when there is clini-
cal concern for associated ligamentous injury. The incidence of complete 
ligamentous or meniscal disruption associated with operative tibial plateau 
fractures on MRI has been reported as high as 99% in one follow up study. 
In split-depressed fractures, depression was greater than 6 mm and widen-
ing was greater than 5 mm, predicted lateral meniscal injury in 83% of 
fractures, compared with 50% of fractures with less displacement (P < .05). 
Increasing displacement can also be associated with cruciate ligament inju-
ries and lateral collateral ligament injuries in almost 30% of patients.

1. Undisplaced fractures. In some settings, especially when multiple inju-
ries are involved, fixation with two percutaneous cannulated cancellous 
lag screws is advisable to ensure maintenance of reduction. For isolated 
injuries, generally nonoperative management is selected. A splint is 

26
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Figure 26-1. Schatzker’s classification system. I: split; II: split with depression; III: depression; 
IV: medial condyle; V: bicondylar; VI: bicondylar with shaft extension. (From Hansen ST, Swiont-
kowski MF. Orthopaedic Trauma Protocols. New York, NY: Raven; 1993:315, with permission.)
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applied, and the leg is elevated for the first 24 to 48 hours. Knee aspira-
tion is carried out if a significant hemarthrosis is present, and knee mo-
tion may be started with continuous passive motion (CPM) if available. 
As soon as the patient is comfortable and the range of motion is increas-
ing, he or she can be followed up as an outpatient. Follow-up radiographs 
should be obtained shortly after motion is instituted to ensure that the 
fracture remains nondisplaced. Touch-down weight bearing should be 
maintained for 8 weeks to prevent displacement from shear forces.

2. Displaced fractures
a. Split fracture. Open reduction and fixation is generally done if there 

is a significant widening (lateral or medial displacement of more 
than 3 to 5 mm) of the plateau.8,9 The internal fixation must be rigid 
enough to allow movement of the joint as soon as there is soft-tissue 
healing. In this situation, the authors prefer to use the Association of 
the Study of Internal Fixation (ASIF) buttress plate (Fig. 26-2) or a 

Figure 26-2. Internal fixation of a split depression fracture of the tibial plateau using L-buttress 
plate fixation with bone grafting of the elevated segment. (From Hansen ST, Swiontkowski MF. 
Orthopaedic Trauma Protocols. New York, NY: Raven; 1993:318, with permission.)
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dynamic compression or locking plate when the patient is osteopo-
rotic.4 Recently, there has been a move toward use of smaller implants 
for all tibial plateau fixation. Specialized 3.5-mm T- and L-buttress 
plates allow the placement of more screws under the articular surface. 
If the patient is young and has dense bone, multiple percutaneous 
cannulated lag screws can be inserted under fluoroscopic and/or 
arthroscopic control. Percutaneous placement of a large reduction 
clamp is often successful in providing reduction of the fracture. 
If open reduction and internal fixation are not feasible, treatment 
should be as for comminuted fractures.

b. Central depression of the plateau. If depression is greater than 3 
to 5 mm, especially with valgus stress instability of the knee greater 
than 10° in full extension, most authors currently recommend eleva-
tion with bone grafting and fixation.2,3,9,10 More recently, articular 
reductions have been done with arthroscopic visualization with per-
cutaneous technique for elevation of the segment. Autogenous bone 
graft has typically been the treatment of choice, but allograft and 
cancellous substitutes such as corallin hydroxyapatite and calcium-
phosphate cements have been successfully used.9 Randomized trials 
comparing calcium-phosphate cements and to controls have sug-
gested that use of calcium-phosphate bone cement for the treatment 
of fractures in adult patients is associated with a lower prevalence 
of pain at the fracture site in comparison with the rate in controls 
(patients managed with no graft material). Loss of fracture reduc-
tion is also decreased in comparison with that in patients managed 
with autogenous bone graft. Generally, percutaneous lag screws are 
adequate for support of the elevated joint surface and bone graft or 
graft substitute material.

c. Split-depressed fractures with a displacement/depression of more 
than 3 to 4 mm are treated with reduction, fixation, and early mo-
tion in most young patients. Generally, this reduction is done with 
an open technique with an anterior or anterolateral approach, eleva-
tion, and bone grafting using buttress or locking buttress plates for 
older patients (Fig. 26-2) and lag screws or 3.5-mm small fragment 
T- or L-plates or one-third tubular plates (as washers) in younger 
patients. These fractures may be managed with arthroscopic reduc-
tion in skilled hands. Secure fixation is critical so that early motion 
with or without CPM can be initiated. Patients are generally limited 
to touch-down weight bearing for 12 weeks to prevent late fracture 
settling. If the patient’s limb is stable to varus and valgus stress in an 
examination under anesthesia shortly after injury, traction treatment 
with a tibial pin and early motion is an option.10,11 The patient is 
placed in a cast-brace (as described in Chapter 8, III.H) or a hinged 
knee brace after 3 to 4 weeks.1 This treatment is not currently recom-
mended on a routine basis. If the instability exceeds 10°, reduction 
and fixation as described earlier is indicated.11

d. Fractures with metaphyseal/diaphyseal extension are treated simi-
larly to split-depressed fractures if the joint extension is significant. 
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Generally, buttress plate fixation and bone grafting are required. 
When the injury is bicondylar, stripping the soft tissues off both 
condyles from an anterior approach should be avoided; this results in 
a high incidence of nonunion and deep infection. Instead, the most 
unstable condyle (usually lateral) is selected for the buttress fixation 
via an anterolateral approach and the other condyle is stabilized by 
percutaneous screw fixation, fixation with a posterior medial incision 
and small buttress plate, or neutralization with an external fixator for 
4 to 6 weeks while motion is limited. With all tibial plateau fractures 
treated with operative stabilization, it is important to examine the knee 
for ligamentous stability after completing the fixation in the operating 
room to rule out ligamentous injury (see II.B).1 The functional results 
of treatment are often better than the routine radiographs seem to 
predict. Early motion of the knee joint and delayed full weight bearing 
are the keys to the maximum restoration of joint function.2–4

 i. Apply a cast-brace (as described in Chapter 8, III.H) off the 
self-hinged knee braces, which are lightweight and limit varus 
and valgus stress and are more widely used. The same ambulation 
protocol, touch-down weight bearing, is followed.

 ii. In special situations, the patient is placed in a long-leg cast until 
the fracture is healed. Then the patient is placed in a rehabilita-
tion program to regain full extension and flexion of the knee to 
beyond 90°. The patient is kept on protected weight bearing for at 
least 3 to 4 months. This treatment is generally limited to patients 
with a severe neurologic condition or significant osteopenia.

E. Complications
1. Significant loss of range of motion may occur, particularly if early 

movement is not instituted.
2. Early degenerative joint changes with pain can occur regardless of the 

degree of joint reconstruction. In some instances, the pain may be severe 
enough to require arthroplasty or arthrodesis.8

3. The infection rate following operative treatment is reduced in expe-
rienced hands. Most infections occur because of excessive soft-tissue 
stripping.

4. Nerve and vascular injuries that occur at the time of injury or subse-
quent to treatment are not uncommon.12 Nerve injuries are usually trac-
tion injuries, and recovery is unpredictable. Compartmental syndrome 
may be present and should be treated as described in Chapter 3, III.

 II. EXTRAARTICULAR PROXIMAL TIBIAL FRACTURES

A. Classification. Proximal tibial fractures are classified similar to diaphyseal 
fractures (see III.C).

B. Examination. Initial examination should be comprehensive including 
inspection, palpation, and lower extremity neurovascular assessment. The 
integrity and condition of the soft tissues should be carefully inspected.  
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The alignment of the lower extremity should also be noted. The compart-
ments of the leg should be palpated and passive flexion and extension of 
the toes performed to assess for pain and possible compartment syndrome. 
Distal pulses may be palpable despite ischemia from increased compart-
ment pressure. Definitive diagnosis may require measurement of intracom-
partmental pressures (see Chapter 3, III). The diagnosis of a compartment 
syndrome is a surgical emergency and requires prompt release of pressure to 
preserve muscle and nerve viability. A careful examination of the extremity 
pulses is imperative to rule out potential vascular injury.

C. Radiographs. Although a tibial diaphyseal fracture may be obvious from 
clinical examination, anteroposterior and lateral radiographs of the tibia 
(including the knee and ankle joints) are needed to plan management. Ra-
diographs should be carefully reviewed to ensure fracture lines do not reveal 
intraarticular extension. Computed tomograms or plain tomograms can be 
helpful to identify intraarticular extension when plain X-rays are difficult to 
interpret.

Figure 26-3. Displaced closed fractures of the tibia shaft, when shortened more than 1 cm or 
considered to be unstable, are best treated with interlocking nails. A,B: Preoperative  radiographs 
of a shortened, unstable segmental fracture of the tibia shaft. C,D: The interlocking nail in 
place. The screws placed through the holes in the nail proximal and distal to the fracture  provide 
length and rotational stability for the fracture. Nearly all fractures of the femoral shaft in skel-
etally mature individuals are treated with similar interlocking nails, allowing mobilization of the 
patient and early range of motion of adjacent joints.

A B C D
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D. Treatment. Extraarticular proximal tibial fractures are often the result of 
high-energy trauma with displacement and comminution. Most authors 
agree that operative management of such fractures is warranted to opti-
mize patient outcomes. However, it remains unclear which surgical option 
(plate, nail, external fixator, or combination) is preferable. The rates of 
nonunion between implants did not appear to differ between treatment 
options (Table 26-1). Infection rates were significantly lower with intra-
medullary nails than with plates or external fixators (P < .05).13 A trend 
toward increased rates of malunion with intramedullary nails was identified 
(P 5 .062). Pooled results across studies may be limited by heterogeneity 
between studies. Results should be interpreted with caution.

E. Complications. Extraarticular fractures of the tibia are prone to infection, 
malunion (i.e., valgus and procurvatum deformities), nonunion, compart-
ment syndrome, and implant failure (Table 26-1).13

1. Infection: Range 8% to 14% (deep infection rates 3% to 5%)
2. Malunion: Range 2.4% to 20%
3. Nonunion: Range 2% to 8%
4. Compartment syndrome: Range 2% to 6%
5. Implant failure: 8%

 III. DIAPHYSEAL FRACTURES

A. Epidemiology. Tibial fractures are the most common long bone fracture. 
They occur commonly in the third decade of life at a rate of 26 diaphyseal 
fractures per 100,000 populations annually.

B. Mechanism of injury. Five causes of injury include falls, sports related, direct 
blunt trauma, motor vehicle accidents, and penetrating injuries (e.g., gunshots).

C. Classification. The most comprehensive classification for tibial fractures is 
the AO Association for the Study of Internal Fixation/Orthopaedic Trauma 
Association system that divides injury patterns into three broad categories: 
unifocal, wedge, and complex fractures.
1. Unifocal fractures are further described as spiral, oblique, and transverse 

fractures (A).
2. Wedge fractures are further described as intact spiral, intact bending, 

and comminuted wedge fractures (B).
3. Complex fractures (i.e., multiple fragments) can be described as spiral 

wedge, segmental, and comminuted fractures (C).
D. Examination. Initial examination should be comprehensive including 

inspection, palpation, and lower extremity neurovascular assessment. The 
integrity and condition of the soft tissues should be carefully inspected. The 
alignment of the lower extremity should also be noted. The compartments of 
the leg should be palpated, and passive flexion and extension of the toes per-
formed to assess for pain and possible compartment syndrome. The diagno-
sis of a compartment syndrome is a surgical emergency and requires prompt 
release of pressure to preserve muscle and nerve viability (see  Chapter 3, III).
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E. Radiographs. Although a tibial diaphyseal fracture may be obvious from clin-
ical examination, anteroposterior and lateral radiographs of the tibia (includ-
ing the knee and ankle joints) are needed to plan management. Radiographs 
can provide information about fracture morphology, quality of the bone (i.e., 
osteopenia, osteoporosis), and gas in the tissues suggesting an open wound.

F. Treatment. The selection of nonoperative or operative management must 
involve the consideration of many factors, including associated skeletal and 
ligamentous injuries, the degree of soft-tissue injury, injuries to other organ 
systems, the general condition of the patient, the skill and experience of the 
treating physician, and the resources of the facility. Options for treatment 
include casting/functional bracing (nonoperative), external fixation, plate 
fixation, and intramedullary nailing.
1. Nonoperative management is commonly reserved for closed tibial 

diaphyseal fractures with less than 1.5 cm of shortening, axially stable 
transverse fractures, spiral oblique of comminuted fractures with less 
than 12 mm of initial shortening, angulations less than degrees initially, 
and less than 50% displacement.15 However, acceptable degrees of 
fracture shortening and translation are highly variable among surgeons 
(<5 to .15 mm). Surgeons’ definitions of acceptable angular malunions 
(rotational, varus/valgus, and procurvatum/recurvatum) range from less 
than 5° to 20°.16 Sarmiento17,18 developed a below-the-knee cast (patellar 
tendon bearing [PTB]) and prefabricated functional brace that allows 
knee motion while maintaining stability and length in the affected leg. 
This PTB cast is generally applied after 2 to 3 weeks in the long-leg 
bent knee cast that is applied following a closed reduction. Prefabricated 
braces are the most widely used. One of these two treatment methods 
should be chosen, and the particular technique should be strictly ad-
hered to if the same excellent results reported in the literature are to be 
expected. These cast techniques are described in detail in Chapter 5. It 
must be reemphasized that a below-the-knee total contact cast may not 
be applied immediately after the fracture; one must wait until the swell-
ing has diminished. The authors suggest using a modified Robert Jones 
compression long-leg splint during the period of acute swelling. When 
the patient is ready for casting and following an appropriate spinal or 
general anesthetic, nearly all tibial fractures can be reduced by placing 
the leg over the end of the table. Adequate reduction and alignment 
are maintained in this position while the cast is applied. If shortening 
is minimal, analgesia may suffice. The average healing time with closed 
treatment is approximately 18 weeks (range from 14.5 to 21.0 weeks). 
One of Sarmiento’s principles is that, in general, the amount of final 
shortening is demonstrated on the initial radiograph, and the patient 
should be so informed. Good functional outcomes can be expected in 
90% of cases.19–21 Closed treatment is recommended for children’s frac-
tures except when the physis or joint is involved.22

2. Operative management is reserved for those fractures deemed unac-
ceptable for nonoperative treatment. Most surgeons prefer intramed-
ullary nails in the treatment of closed low-energy fractures (95.5%), 
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high-energy fractures (96%), and those closed fractures with associated 
compartment syndrome (80.4%).23 Most surgeons prefer intramedul-
lary nails in the treatment of open tibial shaft fractures; however, there 
is a decline in the use of intramedullary nails as the severity of the soft-
tissue injury increases from Types I to IIIb (Type I, 95.5%; Type II, 
88.1%; Type IIIa, 68.4%; Type IIIb, 48.4%).23

a. Closed fractures. There have been three published meta-analyses 
evaluating treatment alternatives for closed tibial shaft fractures: two 
pooling data from primarily observational studies and one pooling 
data from on-use randomized trials.21,24,25 Littenberg and colleagues,21 
in a comprehensive review of the available literature, identified 2,005 
patients treated with a cast or brace, 474 patients treated with a 
plate and screws, and 407 patients treated with intramedullary nails. 
Pooled infection rates were lower with casts (0%) and intramedullary 
nails (0% to 1%) when compared with plates (0% to 15%). Although 
plate fixation achieved the fastest time to fracture union (median 5 
13 weeks) when compared with either casts (median 5 13.7 weeks) 
or intramedullary nails (median 5 20 weeks), there were no differ-
ences in the ultimate rates of nonunion between groups. Rates of 
deep infection were lower with casts and intramedullary nails than 
with plates (ranges: 0% to 2%, 0% to 1%, 0% to 15%, respectively).

In a review of prospective studies (eight observational and five 
randomized trials) evaluating treatment alternatives for tibial shaft 
fractures, Coles and Gross24 found plate fixation to result in the 
lowest nonunion rates (2.6%) and highest infection rates (9%) com-
pared with other treatment alternatives. Despite the apparent ben-
efits of plate fixation in decreasing the time to fracture healing, only 
2.1% to 7.4% of surgeon respondents to a survey preferred them in 
the treatment of closed tibial shaft fractures (low energy, high en-
ergy, and those with associated compartment syndrome). This likely 
reflects an assessment that the high risk of infection with plates out-
weighs their relative benefit in decreasing time to fracture union. It 
remains unclear whether surgeons from less industrialized countries, 
who prefer plate fixation in closed tibial shaft fractures, have similar 
access to intramedullary nails as those surgeons in developed nations.

A substantial proportion of respondents chose external fixation for 
high-energy tibial shaft fractures and those associated with compartment 
syndrome. The role of external fixation in closed tibial shaft fractures has 
been evaluated in an observational study.26 Turen and colleagues,26 in a 
review of 68 closed fractures, identified a longer fracture healing time 
in fractures with compartment syndrome than those without (30.2 vs. 
17.2 weeks, respectively). Moreover, fracture healing times for closed 
fractures with compartment syndrome were similar to open fractures.

There remains considerable variability in their preference to ream 
the intramedullary canal or not. The evidence favoring reamed or 
nonreamed nail insertion is suggestive but not definitive. Bhandari and 
colleagues25 conducted a systematic review and found nine randomized 
trials (n 5 646 patients) comparing reamed and nonreamed intramedul-
lary nail insertion in tibial and femoral fractures. Reamed nailing resulted 
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in a 56% reduction in the relative risk (RR) of nonunion compared with 
nonreamed nailing (95% confidence interval: 7% to 79%). The largest 
study comparing alternative nail insertion approaches in tibial shaft 
fractures (SPRINT) was multicenter, blinded randomized trial enrolling 
1,319 adults. In patients with closed fractures, 45 (11%) of 416 in the 
reamed nailing group and 68 (17%) of 410 in the unreamed nailing 
group experienced a reoperation within 1 year (RR, 0.67; 95% confi-
dence interval, 0.47 to 0.96; P 5 .03). This difference was largely due 
to higher rates of nail dynamization in the nonreamed group. SPRINT’s 
treatment effect was much less than that expected based on the previous 
meta-analysis suggested that differences between both techniques are less 
dramatic than previously reported. This is likely because interventions to 
gain fracture union in the SPRINT trial were prohibited until 6 months 
from surgery. The valuable message here is that one should be patient 
and wait before intervening surgically until at least 6 months as radio-
graphic healing often lags behind clinical fracture union.

b. Open fractures. An international survey suggests a progressive 
decline in the use of intramedullary nails as the severity of the soft-
tissue injury increases from Type I to IIIb. This is related to an in-
creased use of external fixation with increasing soft-tissue injury (3% 
to 51%).27 Surgeons rarely prefer plates in the treatment of open frac-
tures (0.8% to 1.1%). One study (n 5 56) suggests external fixators 
that significantly decrease the risk of reoperation relative to plates 
(RR 0.13, 95% confidence interval 0.03 to 0.54, P < .01).15 A meta-
analysis found that nonreamed nails, in comparison to external fix-
ators (five studies, n 5 396 patients), reduced the risk of reoperation 
(RR 0.51, 95% confidence interval 0.31 to 0.69).28 Nonreamed nails 
also offered advantages in decreasing the RR of malunion (RR 0.42, 
95% confidence interval 0.25 to 0.71) and superficial infection (RR 
0.24, 95% confidence interval, 0.08 to 0.73). Although these studies 
shared methodologic limitations of lack of concealment, blinding, 
and loss to follow-up, the narrow confidence intervals make the 
results more definitive than those of the studies comparing reamed 
versus unreamed nailing. In the open tibial fracture trials, reamed 
nails, when compared with nonreamed nails, showed a trend toward 
decreasing the risk of reoperation (two studies, n 5 132; RR 0.75, 
95% confidence interval 0.43 to 1.32).6 Because the confidence in-
terval is very wide, the relative effect of reamed and unreamed nails in 
open tibial fractures remains unresolved. The SPRINT study did not 
identify any significant difference between reamed and undreamed 
nailing in terms of revision surgery to gain union for open fractures 
of the tibial shaft (SPRINT investigators). However, it did trend in 
the direction that favored nonreamed intramedullary nail insertion.

G. Complications. Most patients experience some residual disability after a 
tibial fracture.21,24

1. Compartment syndrome has been discussed previously (see Chapter 3, III).

2. Joint stiffness can be largely prevented by aggressive treatment to 
achieve early union. Flexion and extension exercises to the toes must 
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not be neglected because these joints frequently stiffen and produce 
considerable postcasting dysfunction.

3. Complex regional pain syndrome (reflex sympathetic dystrophy) can oc-
cur in 30% of patients with tibial diaphyseal fractures.29 Vigorous physical 
therapy and sympathetic nerve blocks may be required (see Chapter 3).

4. Delayed union and nonunion30

a. The following factors are related to delayed union or nonunion:
 i. Severe initial displacement of the fracture fragments (probably 

indicating significant soft-tissue injury)
 ii. Significant comminution
 iii. Associated soft-tissue injuries or open fractures
 iv. Infection
 v. Open management with inadequate stability

These complications can be minimized by adequate immobiliza-
tion, early weight bearing (which is often delayed for 2 months 
if a dynamic compression plate is used), and early bone grafting 
where delayed union appears certain.

b. Adjunctive therapies. Low-intensity pulsed ultrasound (30 mW 
per cm2) given at 20 minutes per day has shown potential benefits 
in improving time to healing. A meta-analysis identified 138 poten-
tially eligible studies, of which 6 randomized trials met inclusion 
criteria.31 Three trials, representing 158 fractures, were of sufficient 
homogeneity for pooling. The pooled results showed that time to 
fracture healing was significantly shorter in the groups receiving 
low-intensity ultrasound therapy than in the control groups. The 
weighted average effect size was 6.41 (95% confidence interval 
1.01 to 11.81), which converts to a mean difference in healing 
time of 64 days between the treatment and control groups. Lack of 
clinical and functional evidence in previous trials has led to further 
study evaluating the evidence for use of bone stimulators in routine 
clinical practice. Recent trials and additional analyses (from a meta-
analysis of 13 RCTs) suggest that evidence for the effect of low-
intensity pulsed ultrasonography on healing of fractures is moderate 
to very low in quality and provides conflicting results. The lack of 
functional outcome data is a key limitation to translating the positive 
radiographic findings.

5. Infection is a complication of open fractures or the opening of a closed 
fracture. The risk of infection is minimized by efficient surgical tech-
nique, by the proper use of antibiotics, and by a delayed primary closure 
for open fractures. For the most severe soft-tissue injuries, aggressive 
debridement and coverage with free or rotational muscle flaps minimizes 
this complication. Pin tract infection is common with the use of external 
fixators.

6. Revision surgery. An observational study of 192 patients with tibial shaft 
fractures identified three simple predictors of the need for reoperation 
within 1 year.32 Three variables predicted reoperation: the presence of an 
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HCMC Treatment Recommendations

Tibial Plateau Fractures

Diagnosis: Anteroposterior and lateral radiographs and physical examina-
tion. Computed tomography scans are helpful for the assessment of dis-
placement and for surgical planning.

Treatment: Open reduction and internal fixation or percutaneous reduction 
with lag screw fixation aided by arthroscopy for fractures displaced more 
than 2 mm (depression or gapping). Knees that remain stable to varus/
valgus stress in full extension may be treated nonoperatively.

Indications for surgery: Knees with more than 10° of instability in extension 
and/or joint displacement of .2 mm.

Recommended technique: Joint visualization via open reduction or arthros-
copy, reduction and fixation with lag screws and/or low-profile plates and 
bone graft or bone graft substitute, early range-of-motion therapy and lim-
ited weight bearing for 8–12 wk.

open fracture wound (RR 4.32, 95% confidence interval 1.76 to 11.26), 
lack of cortical continuity between the fracture ends following fixation 
(RR 8.33, 95% confidence interval 3.03 to 25.0), and the presence of a 
transverse fracture (RR 20.0, 95% confidence interval 4.34 to 142.86).

HCMC Treatment Recommendations

Tib-Fib Fractures

Diagnosis: Anteroposterior and lateral radiographs of the leg and clinical 
examination. In 10–20% cases, there is an open wound communicating 
with the fracture.

Treatment: Nonoperative care for fractures that are isolated and not short-
ened more than 1 cm on initial radiographs, long leg splint for 2–3 wk 
followed by fracture brace until fracture is united, operative stabilization 
for length unstable and/or open fractures. Interlocking nail, inserted with 
reaming is the procedure of choice.

Indications for surgery: Fractures close to the joint or shortened on initial 
radiographs .1 cm or failure to control angulation with nonoperative tech-
nique or open fracture.

Recommended technique: Interlocking nailing, statically locked. Insert with 
reaming: more reaming for larger diameter nails with closed fractures, less 
reaming for open fractures.
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 I. ANKLE SPRAINS. The approach to ankle sprains should distinguish between 
the acute and chronic ankle sprains. The most common ankle sprain consists 
of an inversion injury of the foot with some degree of plantar flexion. Overall, 
the period of recovery is relatively short and uneventful. A more significant 
injury with a completely different period of recovery is the injury while the 
foot is in eversion, the so-called high-ankle sprain (ankle syndesmosis 
sprain). It accounts for 1% to 15% of the total ankle sprains.1 Therefore, the 
first issue when approaching a patient with an ankle sprain should be directed 
to identifying the mechanism of injury. Given the possibility of fractures, it is 
often recommended to obtain the history and do a brief examination using 
only palpation, and, if suspicion for a fracture is present, obtain X-rays prior to 
extensive physical examination techniques.
A. Acute presentation

1. Inversion injuries. With inversion ligamentous injuries, there is tearing 
of the lateral ligaments from front to back. Thus, the anterior talofibular 
ligament (ATFL) is the most commonly injured ligament followed by 
the calcaneofibular ligament and, in very rare instances, the posterior 
talofibular ligament.

Fig. 27-1 shows the anatomic location of the ligaments. Fractures 
can occur with simple inversion injuries. The most common sites are 
the distal fibula and the base of the fifth metatarsal. More rarely, the 
lateral process of the talus and the anterior process of the calcaneus may 
fracture as well.
a. Examination. Palpation of the bones around the ankle is the key to 

examining ankle injuries. Special attention should be drawn to the 
distal fibula, distal tibia, and the base of the fifth metatarsal as per the 
Ottawa criteria (Table 27-1). In more severe fractures, also palpate 
the proximal fibula as this can be broken (Maissoneuve fracture). All 
ankle ligaments should be palpated looking for tenderness. In the 
acute setting, pain is quite limiting; therefore, it is very difficult to 
stress the ankle joint or obtain ankle stress radiographs to document 
the degree of instability. In the absence of fracture, soft-tissue swell-
ing and pain will dictate the treatment.

b. Radiographic imaging. The need for X-rays can be guided by con-
sideration of the Ottawa ankle rules (Table 27-1). It is important 
to note that the rules do not apply to a pediatric population with 
open growth plates (to be safe, it is recommended to X-ray those 
under age 18). Although not specifically listed, we recommend 

27 Ankle Injuries
Fernando A. Pena



Chapter 27 • Ankle Injuries  4 8 7

Tibia
Anterior inferior
tibiofibular ligament

Talus
Anterior talofibular ligament

Dorsal talofibular ligament

Navicular
Bifurcate ligament:
Lateral calcaneonavicular
and medial calcaneocuboid
ligaments

CuboidDorsal
calcaneocuboid
ligament

Interosseous
talocalcanean

ligament

Lateral
talocalcanean

ligament

Calcaneus

Calcaneofibular
ligament

Lateral
malleolus

A

Posterior tibiofibular
ligament

Tibial fibers of posterior
tibiofibular ligament

Lateral malleolus

Posterior talofibular
ligament

Calcaneofibular ligament

Tendon calcaneus

For bursa

Groove for tendon of flexor hallucis longus

Posterior tibiotalar

Tibiocalcanean

Parts of deltoid
ligament

Talus

Medial malleolus

B

Figure 27-1. Anatomic description of the most significant ligaments and bones of the ankle 
and midfoot area.
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strong consideration to obtain X-rays on people over the age of 50, 
especially women over the age of 50 due to lower bone mass and sub-
sequent higher fracture rates. X-rays should include anteroposterior 
(AP), lateral, and mortise views of the ankle.

c. Treatment. If there is no medial tenderness, the ankle joint should be 
considered a stable joint. The traditional principles of rest, minimal 
immobilization, compression, elevation, and icing should be applied 
followed by a functional return to activities while protected with 
any of the commercially available ankle braces until the pain allows 
proper muscle contraction of the dynamic stabilizers of the ankle 
(peroneal and deep compartment muscles of the lower leg). In rare 
occasions, owing to pain with weight bearing, the patient will have 
to be protected with crutches for a period.

If there is medial or anterior capsule tenderness, the possibil-
ity of developing long-term ankle instability may be higher, and 
closer examination of the ankle mortise for talar dome injuries is 
warranted. If suspected, a period of immobilization in a walking 
cast or boot could be as long as 6 to 8 weeks until the medial and 
anterior tenderness disappear. At that time, it can be treated as a 
stable injury depending on the remaining discomfort within the 
ankle joint.

2. Eversion injuries
a. Examination. The examination will show some tenderness along 

the most anterior and distal aspects of the syndesmosis of the ankle. 
Some tenderness along the lateral ligament complex may be present 
although to a much lesser degree than with true inversion ankle 
sprain. Any degree of external rotation, which stresses the ankle mor-
tise, will increase or reproduce the pain. The external rotation can be 
applied directly by the examiner holding the lower leg with one hand 
and torquing on the foot with the opposite hand while keeping the 

TABLE 27-1 Ottawa Criteria to Perform Radiographic Examination

Ankle Injuries
1. Pain along the posterior margin of the most distal 6 cm of the fibula
2. Pain along the posterior margin of the medial malleolus
3.  Unable to bear weight immediately after the injury or to take four steps in the 

Emergency Department (even with a limp)
4. Age <18

Midfoot Injuries
1. Pain along the base of the fifth metatarsal
2. Pain along the navicular
3.  Unable to bear weight immediately after the injury or to take four steps in the 

Emergency Department (even with a limp)
4. Age <18
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ankle in a neutral position, so the talus is locked in the ankle mortise. 
If a fracture has been ruled out, a “squeeze test” (using both hands 
to push the mid-fibula and tibia together, noting pain distal to the 
area of compression) can be performed to assess syndesmotic injuries. 
If the patient can tolerate weight bearing, a more sensitive test for a 
syndesmosis injury consists of standing on the injured leg and apply-
ing an external rotation force to the ankle with an internal turn of the 
pelvis with the knee fully extended. If the patient can stand and per-
form some degree of external rotation, the suspicion for an unstable 
mortise should be low. If there is any tenderness in the proximal 
lower leg, full length tibia and fibula radiographs should be obtained 
to rule out a proximal fibula fracture (Maissonneuve fracture) or an 
unstable syndesmosis. The best projection to assess ankle syndesmo-
sis instability is the mortise view of the ankle. This projection is taken 
as an AP view with 30° of internal rotation (when both malleolus are 
equidistant from the X-ray beam). A noncompetent syndesmosis is 
defined as the one that presents on an AP view of the ankle more 
than 6 mm of clear space between the tibia and the fibula measured 
at 10 mm proximal from the joint line2 (Fig. 27-2). When it comes 
to X-ray measurements, the clear space in between the tibia and the 
fibula has been shown to be more reliable and less subjective to rota-
tion than the overlap in between the tibia and fibula (<5 mm). If 
the syndesmosis appears intact on a static radiograph, but suspicion 
for syndesmotic instability remains high, consider stressing the ankle 
(ideally under fluoroscopic dynamic examination) while applying 
external rotation to the foot for final assessment. The patient may 
need to be either sedated or injected with local anesthetic along the 
syndesmosis prior to its evaluation. A total of 5 to 15 cc of lidocaine 
1% with epinephrine should suffice to anesthetize the syndesmosis. 
The injection is performed using a 25G or 22G needle along the 
anterior aspect of the syndesmosis, starting immediately proximal 
to the joint line level and always “walking” along the lateral cortex 
of the tibia from distal to proximal. Special attention has to be paid 
to not angle the needle too posteriorly, never posterior to the plane 
of the fibula, to avoid damage into vital structures of the posterior 
compartment of the leg.

b. Treatment. If the syndesmosis is stable and in the absence of 
fractures, the patient should be immobilized in a walking cast or 
boot for 6 to 8 weeks followed by a functional return to activities. 
If the syndesmosis is unstable or in the presence of a proximal 
fibula fracture, the patient will require fixation of the syndes-
mosis followed by immobilization for 6 to 8 weeks. The fixation 
method is variable, with recently gaining some popularity devices 
without the need for removal or second surgeries (unlike more 
traditional fixation with screws). A residual wide syndesmosis 
because of a misdiagnosis or improper treatment is a devastating 
sequelae that will lead to posttraumatic osteoarthritis of the ankle 
joint within 1 to 2 years.
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B. Subacute–chronic presentation
1. Inversion injuries. The patient presents with some residual discomfort 

in areas where there may still be some healing taking place or where 
an injury has been missed. The physician has to rule out any residual 
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Figure  27-2. Radiographic appearance of the most common bony landmarks of the ankle 
and foot. A: Medial view of ankle region. B: Anterior view of ankle. C: Mortise view of ankle 
region. D: Lateral view of foot. M, medial malleolus; L, lateral malleolus; T, talus; Ca, calcaneus;  
S, susten-taculum tali; N, navicular; Cu, cuneiforms; Cb, cuboid; Mt, metatarsal; ST, sinus 
tarsi; A, Achilles tendon; F, fat; arrowhead, superimposed tibia, and fibula; Syn, Syndesmosis; 
FHL, flexor hallucis longus; EM, extensor muscles; CS, tibiofibular clear space; OL, tibiofibular 
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instability, reported to be present in 20% to 40% of ankle sprains, or 
a chondral injury of the talus, present in 6.5% of ankle sprains.3 If the 
patient continues to report instability after a period of physical therapy, 
one may consider stress views of the ankle. Although they are not abso-
lutely necessary to confirm the diagnosis, they help to document the de-
gree of instability. The patient may require having the ankle anesthesized 
to allow a reliable radiographic evaluation. A total of 5 cc of lidocaine 
2% with epinephrine should be enough to anesthetize the ankle joint. 
The injection is performed with a 25G or 22G needle along the most 
medial border of the ankle joint immediately distal to the medial shoul-
der of the tibial plafond and medial to the anterior tibialis tendon. The 
needle has to be angled at 45° from the coronal plane (see Chapter 30). 
The ankle can also be approached through the lateral aspect over the 
“soft spot,” which is defined as the junction of the tibia and fibula at 
the level of the joint line. However, the chances of damaging the dorsal 
cutaneous branch from the superficial peroneal nerve are not low. The 
best chance to identify the nerve branch is with gentle palpation of the 
skin, looking for a cord-like structure, when the ankle and fourth toe are 
forced into plantar flexion.

The stress views are obtained with a lateral radiograph while the foot is 
pulled forward (an anterior drawer test) in slight plantar flexion. The most 
commonly injured ligament, the ATFL, is stressed during this maneuver. 
A 10-mm difference of anterior displacement between the stress view and 
the resting view or a 3-mm difference of anterior displacement compared 
with the stressed opposite side is indicative of ankle instability. Treatment 
options for chronic instability include a formal physiotherapy program 
and, if that fails, the next reasonable step is a surgical repair/reconstruc-
tion of the lateral ligament complex of the ankle. In the absence of an 
obvious chondral injury of the talus on plain X-rays, a magnetic resonance 
imaging (MRI) scan is necessary to rule it out. A symptomatic chondral 
injury most likely will require some surgical treatment (i.e., arthroscopic 
debridement ± subchondral drilling) to improve the symptoms.

2. Eversion injuries. The most common reason to present with residual 
pain after a syndesmosis sprain will be some degree of remaining in-
stability. A careful and detailed evaluation of the patient has to be 
performed as surgical fixation of the syndesmosis will be the most likely 
treatment recommendation.

 II. ANKLE FRACTURES

 A. Classification. Ankle fractures are intraarticular injuries, and accurate 
reduction as well as maintenance of the reduction is required for a satisfac-
tory long-term result. To achieve reduction by closed manipulation, it is 
necessary to know the direction of the forces producing the fractures. It 
must be emphasized that fractures about the ankle usually are not isolated 
injuries and more likely than not will have associated ligamentous injuries. 
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Ankle fractures may be classified by the Lauge-Hansen scheme (Fig. 27-3). 
This classification is useful because of the method used for its description. 
The first term makes reference to the position of the foot at the time of 
injury and the second term to the direction of the force applied to produce 
the fracture. That information is extremely valuable in planning closed 
reduction maneuvers.

The Danis-Weber or AO Association of Osteosynthesis classification 
system concentrates on the pattern of the fibular fracture (Fig. 27-4). The 
type A fracture is distal to the level of the syndesmosis and frequently 
transverse, the type B fracture is a spiral oblique fracture at the level of the 
syndesmosis, and the type C fracture is proximal to the syndesmosis level.

B. Examination. The ankle has to be palpated for tender areas. The Ottawa 
criteria (Table 27-1) for evaluation and management of ankle injuries have 

Figure 27-3. The Lauge-Hansen classification of ankle fractures. A: The supination–eversion 
fracture. Stage I: The avulsion of the ATFL from the tibia or simple rupture of the ligament. 
Stage II: The classic oblique fracture of the distal fibula, beginning anteriorly at the joint line 
and extending obliquely and posteriorly toward the shaft of the bone. Stage III: Avulsion or rup-
ture of the posterior tibiofibular ligament. Stage IV: Avulsion fracture of the medial malleolus. 
B: The supination–adduction fracture. Stage I: Avulsion of the tip of the lateral malleolus or 
rupture of the associated ligaments. Stage II: Vertical fracture of the medial malleolus, usually 
beginning at the plafond. C: The pronation–eversion fracture. Stage I: Avulsion of the medial 
malleolus or ruptured deltoid ligament. Stage II: Rupture or avulsion of the anterior tibiofibular 
ligament. Stage III: A high short oblique fracture of the fibula. Stage IV: A posterior lip fracture 
of the tibia. D: The pronation–abduction fracture. Stage I: Avulsion of the medial malleolus or 
ruptured deltoid ligament. Stage II: Rupture or avulsion of the syndesmotic ligaments. Stage III: 
A short, oblique fracture of the distal fibula at about the level of the ankle joint. (From Weber 
MJ. Ankle fractures and dislocations. In: Chapman MW, Madison M, eds. Operative Orthopae-
dics. 2nd ed. Philadelphia, PA: JB Lippincott; 1993:731–745, with permission).
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been proven to be a practical way to approach these injuries. One study 
found a sensitivity of 99.6% for detecting fractures.4 However, in spite of 
these reports, it does not seem to be used routinely for fear of missing ankle 
fractures and the potential legal consequences associated with it. The lack 
of soft-tissue swelling in some situations may be misleading, especially in 
the elderly population.

Figure 27-4. Diagrammatic representation of the Danis-Weber classification system. A: Trans-
verse fracture of the distal malleolus. B: Spiral fracture at the level of the mortise. C: Fractures 
above the mortise with disruption of the syndesmosis. (From Hansen ST, Swiontkowski MF. 
Orthopaedic Trauma Protocols. New York, NY: Raven; 1993:340, with permission.)
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C. Radiographs. AP, lateral, and oblique (the mortise view) films are essential 
for evaluating any ankle injury. A clearer delineation of the medial malleolar 
fracture may be achieved by an additional view obtained with the foot in 
45° of internal rotation. A lateral radiograph obtained at 50° of external 
rotation is the best way to visualize the posterior malleolus.5

D. Treatment. The main feature that determines the treatment plan is whether 
the ankle fracture is a stable or unstable injury.
1. Stable injuries. A stable ankle fracture is defined as the one that pres-

ents no widening of the medial or lateral mortise joint space. A fracture 
distal to the syndesmosis with a ruptured deltoid ligament, which is 
suspected if there is significant medial tenderness, will represent an un-
stable ankle fracture with a stable syndesmosis. Therefore, the definition 
of stability should be an ankle joint where the fracture is distal to the 
syndesmosis with no injury to the medial stabilizers and consequently 
with no widening of the medial mortise. The immediate treatment 
consists of elevation, reduction of the fracture, and immobilization as 
soon as possible to reduce soft-tissue swelling. If the fracture is merely 
a small avulsion off of the distal tip of the fibula without any involve-
ment of the mortise, treatment can be similar to that of the associated 
ligament sprain. For stable fractures that are larger and with minimal 
displacement, a closed reduction maneuver can be attempted. For most 
oblique fractures of the fibula, the reduction is via plantar flexion and 
internal rotation. This can often be achieved by lifting the patient’s limb 
(with the patient in the supine position) by the great toe. Immobilize 
the patient’s leg in a short leg splint in this position. For long-term 
treatment (more than 4 to 6 weeks), the ankle must be maintained in 
a neutral position (90° from the long axis of the lower leg) to prevent 
any Achilles contracture and a longer than expected recovery time. The 
patient should be instructed in toe-touch weight bearing until there are 
radiographic signs of callus and lack of tenderness to pressure over the 
lateral malleolus (around 6 to 8 weeks). Do not be misled by the patient 
with peripheral neuropathy and his/her inability to feel pain and protect 
the ankle. In those situations, extend by two times the regular timelines 
for recovery from an injury. The acceptable amount of fracture displace-
ment continues to decrease as more reports are coming out with less 
than ideal long-term outcomes for ankle fractures treated by nonsurgical 
means.

2. Unstable injuries
a. These fractures should be reduced and internally fixed as an urgent 

procedure if the patient is seen before significant swelling is ap-
parent.7,8 Prophylactic preoperative antibiotics should be utilized.9 
Preoperative planning is essential to minimize soft-tissue stripping 
and maximize fixation. Patients with open fractures should be man-
aged with wound debridement and internal fixation; the results 
are generally equivalent to those for closed fractures.10 Significant 
improvement can be expected to continue 6 to 12 months after the 
fracture occurred.11,12
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 i. Medial malleolar fragments should be reattached with screws 
for larger fragments and with Kirschner wires with supplemental 
tension band wires for smaller fragments. With screw fixation, 
a length of 40 to 50 mm is appropriate so that the metaphyseal 
bone is engaged and the medullary canal is avoided with loss of 
screw purchase. The rate of nonunion with surgical treatment is 
reported to be as low as 1% compared with 15% with conserva-
tive treatment.13

 ii. Posterior malleolar fragments are stabilized with screw fixation 
if they involve more than one fourth of the articular surface. 
Generally these fragments are reduced by reduction of the associ-
ated distal fibula fracture. The lag screw placement can be done 
from the anterior to posterior direction (frequently percutane-
ously). Formal open reduction, if required, must be done before 
definitive fixation of the lateral malleolus, which may limit the 
surgical exposure; the incision must be well posterior to the 
fibula. This generally requires alternative patient positioning to 
the usual supine position.

 iii. Lateral malleolar fractures below the ankle joint (Danis-Weber A) 
may be reduced as medial malleolar fractures. If possible, an 
attempt should first be made to reduce and fix the fracture 
with a lag screw. Spiral or oblique fractures with the tibiofibu-
lar ligament intact may be fixed by oblique lag screws and/or 
with a small, one-third tubular plate. These plates could be 
placed on the posterior aspect of the fibula to prevent irritation 
from the plate when in the lateral aspect, a more subcutaneous 
position.14 Successful treatment has been achieved with bioab-
sorbable implants.15,16 Repair to the deltoid ligament avulsion 
is generally not necessary.17 Postoperatively, the leg may be 
treated in a short-leg compression dressing with a plaster or 
fiberglass splint to control the position of the foot. As soon as 
the swelling is controlled, at 5 to 7 days, a removable splint 
can be used and early active motion started. The patient should 
remain partial weight bearing for 4 to 6 weeks. If the patient 
is unable to cooperate with the early active range-of-motion 
protocol, then a short-leg cast is applied for 4 to 6 weeks.18,19 
Weight bearing and strengthening exercises are initiated fol-
lowing this period.

 iv. If the tibiofibular syndesmosis is widened, it is because the 
distal tibiofibular ligaments are torn. This injury can be associ-
ated with a proximal fibula fracture (the Maissoneuve fracture). 
The recent design of the Tight-Rope (Arthrex) has changed the 
approach of syndesmosis instability. The device will not require 
subsequent surgeries and is suspected it will maintain a more 
physiologic motion of the ankle syndesmosis. The protocol for 
healing the syndesmosis should not change because of using a 
different device. If not available, screws should be utilized for 
fixation of the syndesmosis. Currently, there is no consensus on 



4 9 6   M A N U A L  O F  O R T H O PA E D I C S

the number of screws, or number of cortices to purchase, or the 
timing for screw removal. The authors have seen many more 
problems following early removal of the syndesmosis screws than 
from broken screws, therefore it is recommended to leave them 
in as weight bearing is progressed. The patient should be advised 
that the screws may break.

b. When swelling is already significant, any gross malalignment 
should be corrected. Then the leg should be placed in a compres-
sion dressing with splints and elevated until the swelling has receded 
sufficiently for a safe open reduction. In order to avoid wound heal-
ing complications, patients should be seen and surgically treated as 
soon after the injury as possible.7 The operative complication rates 
are four times higher for diabetic20,21 and obese patients managed 
operatively.22

E. Complications
1. Incomplete reduction is associated with a higher incidence of ankle 

joint symptoms than are seen when anatomic restitution is achieved. 
This situation can be improved by osteotomy and internal fixation even 
years after the fracture occurs.23 The results after restoring the original 
anatomy overall are worse than those with early anatomic reduction.13

2. Nonunion, although rare, can occur and is usually symptomatic. On 
the medial side, it may be associated with interposition of the posterior 
tibial tendon. Nonunion of either malleolus should be managed with 
internal fixation and bone grafting. Deep infection as the cause for the 
nonunion has to always be ruled out with intraoperative cultures, espe-
cially after prior open reduction and internal fixation.

 III. PILON FRACTURES. Fractures of the articular surface of the tibia are gener-
ally high-energy injuries from axial loads. They occur as a result of high speed 
motor vehicle accidents or falls from a height.24

A. Diagnosis is confirmed by radiographs, as for ankle fractures. The history 
of high-energy trauma or fall from a significant height should prompt a 
thorough examination of the heel, foot, and ankle paying special attention 
to swelling and tenderness. If the plain radiographs do not sufficiently 
document the fracture pattern, a computed tomographic (CT) scan is indi-
cated to better delineate the size and location of the bony fragments. This 
is helpful for planning surgical approaches.

B. Treatment. Fractures of the joint surface with more than 2 to 3 mm of 
displacement, either gapping or impaction, are generally managed by re-
duction, fixation, and in some occasions with bone grafting. Significant 
swelling of the soft tissues occurs very rapidly with this type of injuries; 
therefore, operative management must be emergent or otherwise delayed 
for several days or weeks until the swelling subsides. Plating of an associated 
fibula fracture, application of an external fixator across the ankle joint, or a 
calcaneal pin traction on a Bohler frame are valid options in the interim to 
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achieve indirect reduction of the joint fragments and expedite the resolu-
tion of the soft-tissue swelling. All those options limit the amount of soft-
tissue stripping required in subsequent surgeries that will help to achieve 
bony consolidation and to decrease the potential complications. Acute 
compartment syndromes are not uncommon with this type of fracture. If 
open fasciotomy is performed, the fibula should be plated to restore some 
stability to the fracture. Because of the high incidence of wound complica-
tions and deep infections, there is a trend toward limited fracture exposure, 
indirect reduction and fixation of the joint surface with lag screws, and 
complete definitive treatment with an external fixator or percutaneous 
plates. Bone grafting may not be required if the fracture is not exposed, but 
it should be carried out if there is any doubt.

C. Complications. Deep infection may require multiple debridements, hard-
ware removal, and muscle-flap (often free) coverage.24 If the problem is 
identified early, the hardware can be generally left in place. Pilon fractures 
are associated with a very high rate of complications, and their management 
should be left to a specialist familiar with this type of injury. Frequently, 
the long-term result is a stiff, painful, and chronically swollen ankle that at 
some point may require an ankle arthrodesis to improve the function and 
symptoms of the patient.

 IV. ACHILLES TENDON (TENDO CALCANEUS) RUPTURES

A. The history associated with an Achilles tendon rupture is often diagnostic. 
The patient profile is a middle-aged individual occasionally involved in 
recreational sports, also known as “the weekend warrior.” Patients with a 
different profile are worth evaluating for risk factors (i.e., steroid use) be-
cause this pathology is fairly unusual in a young healthy individual. It can-
not be emphasized enough that a healthy tendon will not rupture during 
exercise. However, unhealthy tendons do not necessarily cause symptoms. 
Usually, the patient was running or jumping when a sudden severe pain 
was felt behind the ankle, almost as if it had been struck by something. 
Patients will describe the episode as being “. . . kicked by somebody, I turned 
around, and there was nobody there . . .” or being hit by a rock or the op-
ponent’s racquet. Afterwards, the patient may be able to walk but usually 
with difficulty.

B. Examination is most easily accomplished with the patient prone. By 
inspection and palpation, the defect in the Achilles tendon can be docu-
mented. Squeezing the calf in this position with an intact Achilles tendon 
causes passive plantar flexion to occur; this response is absent with ten-
don rupture (Thompson test). Even if the plantar flexion is present but 
decreased, the diagnosis of Achilles tendon rupture can be made. Do not 
be misled by the patient’s ability to plantar-flex the ankle actively because 
this can be done with the muscles from the deep posterior compartment 
of the lower leg. Neurovascular exam is normally intact. In case of doubt, 
depending on the expertise of the radiology department, an ultrasound will 
be definitive to demonstrate a gap within the tendon fibers. If ultrasound is 
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not available, an MRI will be diagnostic. The treatment guidelines are the 
same for either a partial or a complete rupture and are more dependent on 
the patient’s profile.

C. Treatment
1. Patients with low functional demands may undergo nonoperative treat-

ment. The foot is held in equinus for 8 weeks in a short-leg cast. It is 
extremely important not to force the plantar flexion excessively as the 
posterior aspect of the most distal part of the lower leg may develop skin 
necrosis from lack of blood supply. This can be easily demonstrated by 
the blanching of the skin that takes place with forced plantar flexion. 
The acute swelling also decreases the tolerance of the skin to plantar 
flexion. The position chosen for immobilization cannot compromise the 
posterior skin, and normal color has to be seen along the posterior aspect 
of the leg. Ambulation with crutches using an elevated heel on the shoe 
for 8 to 12 weeks then follows. Finally, rehabilitation exercises are begun 
to increase strength and range of motion.

2. Operative treatment is often recommended, especially for the young, 
competitive athlete. The advantages of open treatment are that the 
proper strength-length relationship of the musculotendinous unit is 
reestablished, the internal repair probably adds extra strength to the rup-
tured tendon, and immobilization can be limited. The risk of rerupture 
of the tendon is lower with operative management.25 Recent publica-
tions document no functional outcome differences between operative 
and nonoperative treatment (Keating + Will). The incision should be 
made to one side of the tendon (not directly posteriorly) and should not 
extend distally into the flexor creases posterior to the ankle; this helps 
minimize adhesions of the tendon to the skin. A careful repair of the 
tendon sheath also limits these adhesions. The actual type of tendon 
repair is left to the discretion of the surgeon; numerous materials and 
patterns of suture repair have been discussed. The plantaris tendon or 
the flexor hallucis longus tendon transfer may be used to augment the 
repair. Postoperatively, the ankle is kept in a slight equinus position with 
a short-leg cast or boot for 8 weeks. Ambulation and physical therapy 
are then allowed as tolerated to increase strength and range of motion.

D. Complications. The rate of complications with either treatment, conserva-
tive or surgical, is similar. The difference is the type of complications that 
occur. With conservative treatment, the most common complications in-
clude rerupture and weakness of the Achilles complex with plantar flexion. 
The weakness is more noticeable during the practice of sports and very 
rarely during activities of daily living (ADLs). With surgical treatment, the 
complications are related to skin dehiscence/necrosis, neurologic damage, 
and infection. There are no good data to recommend either treatment based 
on the type of complications (Keating + Will). The final decision must be 
left to the patient once all the information is presented to him or her in an 
objective manner.
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28
TALUS FRACTURES

•	Background:	Talus	 fractures	 are	 relatively	 rare	 and	make	 up	 1%	of	 all	 foot	 and	
ankle	fractures.	These	are	generally	high-energy	injuries.1

•	Mechanism.	Talar	neck	 fractures	occur	with	hyperdorsiflexion	of	 the	 ankle.	The	
talar	neck	impinges	against	the	anterior	lip	of	the	tibia	and	fractures.	Historically,	
this	was	called	“aviator’s	astragalus”	and	was	due	to	upward	force	of	the	foot	plate	
when	biplanes	crashed.

•	Examination
•	In	a	displaced	neck	or	body	fracture,	there	is	frequently	significant	swelling,	de-

formity,	and	tenting	of	the	skin.	Depending	on	the	displacement,	pressure	may	
be	put	on	the	superficial	and	deep	peroneal	nerves,	or	the	tibial	nerve.

•	Imaging
•	Anteroposterior	(AP),	lateral,	and	mortise	views	of	the	ankle	are	generally	adequate	

to	identify	talar	body,	neck,	and	process	fractures.	A	talar	neck	fracture	is	further	
evaluated	with	a	Canale	view.	Talar	head	fractures	are	better	evaluated	with	AP,	
lateral,	and	oblique	views	of	the	foot.	Computed	tomographic	(CT)	scans	are	help-
ful	to	look	at	fracture	pattern,	displacement,	and	to	evaluate	articular	involvement.

•	Classification
•	Talar	head	fractures
•	Talar	body	fractures	including	talar	dome,	posterior	process,	and	lateral	process
•	 Process	 fractures	can	be	easily	missed	on	 initial	X-rays	unless	 there	 is	a	high	

index	of	suspicion.
•	Talar	neck	fractures	are	described	by	the	Hawkins classification2	(Fig.	28-1)
•	Type	I:	Nondisplaced
•	Type	II:	Displaced	fracture	with	subtalar	subluxation/dislocation
•	Type	III:	Displaced	fracture	with	subtalar	and	ankle	subluxations/dislocations
•	Type	IV:	Displaced	with	subtalar,	ankle,	and	talonavicular	joint	subluxations/

dislocations
•	Treatment

•	Talar neck fractures	with	any	displacement	require	open	reduction	and	internal	
fixation.	This	can	be	done	through	one	or	two	incisions,	and	with	either	screws	
or	minifragment	plate.	Plates	are	generally	used	where	there	is	fracture	comminu-
tion	that	renders	 the	 fracture	pattern	unstable	 for	compression	with	 lag	screws.	
Displaced	fractures	with	skin	tenting	require	emergent	reduction	to	prevent	skin	
necrosis.	Although	no	studies	demonstrate	a	direct	correlation	between	time	to	
reduction	and	development	of	AVN,	most	surgeons	support	an	“urgent”	reduc-
tion	of	talar	neck	fractures.1

Fractures and 
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•	Talar head, body, and process fractures,	if	nondisplaced	can	be	treated	in	a	non-
weightbearing	cast	for	6	to	12	weeks,	or	until	healing	is	demonstrated.	Displaced	
fractures	(>2	mm)	are	generally	treated	with	open	reduction	with	internal	fixation	
(ORIF).	Severely	comminuted	 fractures,	particularly	of	 the	 lateral	process,	may	
also	be	treated	with	primary	excision.3

•	Complications
•	Avascular	necrosis	(AVN)	of	the	talus	is	the	most	devastating	complication	of	talar	

fractures.	The	risk	of	AVN	is	highest	in	comminuted	body	fractures,	followed	by	
neck	fractures	(Type	IV	with	the	highest,	Type	I	with	the	lowest	risk).

•	Arthritis	of	the	surrounding	joints	can	develop.

SUBTALAR DISLOCATION

•	Background:	Subtalar	dislocation	is	defined	as	combined	dislocation	through	the	
talocalcaneal	and	talonavicular	joints.	These	are	uncommon	injuries	and	make	up	
less	than	2%	of	all	large	joint	dislocations.

A C

B D

Figure 28-1.	Diagrammatic	 representation	of	Hawkins	classification	of	 talar	neck	 fractures.		
A:	Nondisplaced;	B:	Displaced	with	associated	subtalar	joint	subluxation;	C:	Talar	body	dislo-
cated	from	the	ankle	mortise;	D:	Talonavicular	joint	subluxated	also.	(From	Hansen	ST,	Swiont-
kowski	MF.	Orthopaedic Trauma Protocols.	New	York,	NY:	Raven;	1993:340,	with	permission.)	
(iDams	asset	name:	75755-27-03)	
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•	Mechanism:	 Generally	 a	 strong	 inversion	 or	 eversion	 force	 results	 in	 medial	 or	
lateral	dislocation,	respectively.

•	Examination:	There	 is	 classic	positioning	of	 the	 foot	medially	or	 laterally	on	 the	
ankle	with	marked	tenting	of	the	skin	on	the	side	opposite	the	foot.

•	Imaging:	AP,	lateral,	and	mortise	of	the	ankle;	AP,	lateral,	and	oblique	of	the	foot.	
CT	scan	should	be	obtained	postreduction	to	assess	for	associated	fractures	that	are	
common.

•	Classification:	Described	by	the	location	of	the	foot	in	relation	to	the	talus:	me-
dial,	 lateral,	 anterior,	 or	 posterior.	 Medial	 dislocation	 is	 most	 common	 (80%)	
followed	 by	 lateral	 (17%),	 with	 very	 rare	 dislocations	 occurring	 anteriorly	 or	
posteriorly.

•	Treatment:	 Emergent	 reduction.	 This	 requires	 adequate	 anesthesia.	 The	 knee	
should	be	flexed	to	take	tension	off	the	gastrocnemius	and	the	foot	is	then	pulled	
in	line	with	the	deformity	prior	to	reversal	of	the	deformity.	After	reduction,	if	the	
joint	is	stable	and	no	associated	displaced	fractures	are	noted,	patient	can	be	treated	
in	a	nonweightbearing	cast	or	fracture	boot	for	4	to	6	weeks.	Any	associated	dis-
placed	fractures	should	be	treated	with	ORIF	if	the	fragments	are	large	enough	to	
accept	implants.	In	medial	dislocations,	reduction	may	be	prevented	by	interposi-
tion	of	the	extensor	retinaculum	or	the	extensor	digitorum.	In	lateral	dislocations,	
the	posterior	tibialis	may	become	entrapped	and	block	reduction.4–6

•	Complications:	Stiffness,	subtalar	arthritis

CALCANEUS FRACTURES

•	Background:	Calcaneal	fractures	are	the	most	common	tarsal	bone	fracture	and	ac-
count	for	1%	to	2%	of	all	fractures.	These	injuries	are	economically	significant	in	
that	90%	of	them	occur	in	working	people,	age	20	to	40.

•	Mechanism:	Intraarticular	fractures	are	generally	high	energy	and	result	from	a	fall	
from	height	or	a	motor	vehicle	accident.	The	mechanism	is	generally	axial	load.	As-
sociated	injuries	include	compression	fractures	of	the	lumbar	spine	and	occasionally	
fractures	about	the	knee	or	pelvis.	Avulsion	fractures	are	typically	due	to	a	sudden,	
forceful	contraction	of	the	Achilles.

•	Examination:	Generally	 the	 foot	 is	 diffusely	 swollen	with	 lateral	 and	plantar	 ec-
chymosis,	and	widening	of	the	heel.	There	is	pain	with	palpation	of	the	heel	and	
with	attempted	hindfoot	motion.	There	may	also	be	pain	with	ankle	or	foot	motion	
as	well.	In	open	fractures,	the	wound	is	most	often	medial	near	the	sustentaculum	
tali.	Foot	compartment	syndrome	can	occur	in	2%	to	5%	of	patients	and	must	be	
treated	with	urgent	decompression.	Because	of	 the	risk	of	associated	 injuries,	 the	
spine	and	pelvis	must	be	thoroughly	evaluated.

•	Imaging:	Initial	radiographic	evaluation	for	a	suspected	calcaneus	fracture	should	
include	the	standard	three	views	of	the	foot	as	well	as	an	axial	(harris)	heel	view.	
Fractures	 are	 identified	on	 radiographs	by	 a	 line	of	 increased	 (impaction)	or	de-
creased	bone	density	or	general	distortion	of	the	normal	shape	of	the	calcaneus.	CT	
scan	 is	 then	utilized	 to	 further	clarify	 the	 fracture	pattern	and	assess	 the	 subtalar	
joint.	Ankle	films	may	be	necessary	to	rule	out	concomitant	injury,	and	given	the	
association	with	pelvic	and	 lumbar	 spine	 injuries,	pelvic	and	 lumbar	 spine	 imag-
ing	should	be	a	consideration	where	there	is	any	indication	of	 injury	on	physical	
examination.
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•	Radiographic	lines	and	angles	(Fig.	28-2)
•	Bohler’s	angle	is	formed	by	the	intersection	of	two	lines:	one	drawn	from	the	

highest	point	of	the	anterior	process	to	the	highest	point	of	the	posterior	facet	
and	the	second	drawn	tangential	to	the	superior	aspect	of	the	tuberosity.	The	
angle	is	normally	25°	to	40°.	Angulation	can	also	be	compared	with	the	unin-
jured	side.

•	Gissane’s	 angle	 is	 formed	 by	 the	 intersection	 of	 a	 line	 extending	 along	 the	
posterior	facet	and	a	line	extending	anteriorly	to	the	anterior	process.

•	Classification:	 Classification	 schemes	 are	 based	 on	 the	 location	 of	 the	 fracture.	
Broadly,	 calcaneal	 fractures	 can	be	divided	between	 extraarticular	 fractures	 (frac-
tures	not	involving	the	subtalar	joint)	and	intraarticular	fractures	(those	involving	
the	subtalar	joint).
•	Extraarticular	fractures
•	Avulsion	 fractures	occur	when	 forceful	Achilles	 contraction	causes	 a	 fracture	

through	the	posterior	tuberosity	of	the	calcaneus	rather	than	a	ruptured	tendon	
(Fig.	28-3).

•	Anterior	process	fractures	make	up	the	majority	of	extraarticular	fractures	and	
frequently	occur	with	inversion	of	the	plantarflexed	foot.	These	are	often	mis-
diagnosed	as	a	simple	ankle	sprain.

•	Calcaneal	body	fractures,	if	displaced,	may	result	in	heel	shortening	or	varus.
•	Intraarticular	fractures
•	 Essex-Lopresti	classification	is	based	on	radiographs	(Fig.	28-4).

•	Tongue-type	 fractures	 occur	 when	 the	 tuberosity	 is	 continuous	 with	 the	
articular	surface

•	Joint	 depression	 fractures	 typically	 involve	 a	 “constant”	 fragment	 that	
remains	 in	place	medially,	 the	 fractured,	 impacted	posterior	 facet,	and	dis-
placement	of	the	lateral	wall	of	the	calcaneus	under	the	fibula	(“lateral	wall	
blowout”).

•	 Sanders	classification	 is	a	CT-based	classification	describing	the	number	and	
location	of	fracture	lines	extending	into	the	posterior	facet	of	the	subtalar	joint.	
This	 is	 the	most	 commonly	 used	 classification	 as	 it	 is	 both	 descriptive	 and	
prognostic	(Fig.	28-5).7,8

•	Treatment:	All	fractures	should	initially	be	treated	in	a	well-padded,	Robert	Jones	
type	splint	for	the	first	7	to	10	days	until	the	swelling	begins	to	resolve.	This	splint	

Figure 28-2.	Bohler’s	angle	and	Gissane’s	angle	as	seen	on	the	lateral	calcaneal	view.
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is	meant	for	stabilization	of	the	soft	tissue	primarily,	not	fracture	reduction.	The 
major exception to this is the displaced avulsion type fracture. If large and dis-
placed, the tuberosity can put pressure on the thin posterior heel skin leading 
to skin ulceration and/or necrosis or development of an open fracture. This 
fracture pattern may require urgent or even emergent reduction and fixation.
•	Extraarticular	fractures
•	 Isolated	avulsion	fractures	if	nondisplaced	may	be	treated	by	a	short-leg,	non-

weightbearing	cast	with	the	ankle	in	neutral	to	slightly	plantarflexed	position	
for	4	 to	6	weeks.1	Lack	of	displacement	 should	be	 confirmed	by	X-ray	after	
the	cast	is	applied.	Displaced fractures	require	reduction	and	internal	fixation	
of	the	displaced	fragment	in	order	to	reattach	the	Achilles	tendon.	This	may	
be	 done	 with	 Steinman	 pins	 or	 screws,	 depending	 on	 the	 treating	 surgeon.	
Generally,	 the	 patient	 is	 placed	 in	 a	 well-padded	 splint	 postoperatively	 and	
transitioned	 to	 a	 cast	 in	 slight	plantarflexion	 and	 remains	nonweightbearing	
for	a	period	of	6	to	12	weeks.

•	Anterior	process	 fractures	 if	displaced	and	 larger	 in	 size	may	be	 treated	with	
ORIF.	If	small	and	nondisplaced,	they	generally	can	be	treated	in	a	boot	or	cast	
with	a	period	of	nonweightbearing.	Excision	is	also	an	option	for	comminuted	
fractures	or	nonunion.3

Figure 28-3.	Lateral	radiograph	of	calcaneal	avulsion	fracture.
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Tongue
type

Joint
depression
type

Figure 28-4.	Diagrammatic	representation	of	tongue	type	and	joint	depression	type	calcaneal	
fractures.	(From	Hansen	ST,	Swiontkowski	MF.	Orthopaedic Trauma Protocols.	New	York,	NY:	
Raven;	1993:355,	with	permission.)	(iDams	asset	name:	75755-27-01)

•	Body	fractures,	if	displaced	and	associated	with	heel	shortening	or	varus,	may	
be	 treated	 with	 ORIF	 or	 percutaneous	 screw	 fixation.	 Without	 deformity/
displacement	these	can	be	treated	in	a	nonweightbearing	cast.

•	Intraarticular	fractures
•	Nonoperative treatment	 consists	 of	 swelling	 control	 and	 early	 range-of-

motion	exercises.	Patients	remain	nonweightbearing	for	6	to	12	weeks.	This	is	
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generally	reserved	for	nondisplaced	fractures,	or	for	those	individuals	felt	to	be	
too	high	risk	for	open	treatment.	In	patients	with	displaced	fractures,	nonop-
erative	treatment	will	generally	result	 in	a	shortened,	widened	heel	as	well	as	
other	complications	noted	below.

•	Open reduction internal fixation	 is	 generally	 recommended	 for	 displaced	
fractures.	Multiple	 small	 studies,	 including	 one	 randomized	 trial,	 have	 sug-
gested	better	results	following	operative	treatment.8,9	This	also	facilitates	future	
subtalar	joint	fusion	if	necessary.10

•	ORIF with primary fusion	 combines	 restoration	of	calcaneal	anatomy	with	
subtalar	fusion	and	may	be	an	option	for	those	fractures	that	are	highly	com-
minuted,	particularly	in	a	patient	who	wants	to	limit	potential	time	away	from	
work	to	one	episode.

•	Complications
•	Fracture	blisters
•	Persistent	pain	related	to	heel	pad	injury,	peroneal	tendonitis,	subfibular	impinge-

ment,	sural	neuritis
•	Subtalar	stiffness	and	arthritis
•	Increased	heel	width	with	difficulty	in	shoe	wear	for	patients	treated	nonoperatively

FRACTURES OF THE NAVICULAR, CUNEIFORM,  
AND CUBOID BONES

•	Of	these,	navicular	fractures	are	most	common.	Generally,	nondisplaced	fractures	
can	be	treated	with	cast	immobilization	and	a	period	of	nonweightbearing,	usually	
6	weeks.	Displacement	of	2	mm	or	more	generally	warrants	ORIF.	This	 is	done	
with	either	plate	or	screws.
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Figure 28-5.	Schematic	depiction	of	Sanders	classification	of	intraarticular	calcaneus	fractures.	
Fracture	lines	A–C	describe	the	position	of	the	primary	fracture	line	in	relation	to	the	posterior	
facet	of	 the	 subtalar	 joint.	 (From	Bucholz	RW,	Heckman	JD.	Rockwood & Green’s Fractures 
in Adults.	 5th	 ed.	 Lippincott,	 Williams	 &	 Wilkins;	 2001,	 with	 permission.)	 (iDams	 image	
citation).
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LISFRANC INJURIES

•	Background:	These	 injuries	occur	at	 the	 tarsometatarsal	 joints	 (first,	 second,	and	
third	metatarsals	 articulate	with	 the	 cuneiforms,	 the	 fourth	 and	 fifth	metatarsals	
articulate	with	the	cuboid).	Named	after	a	French	surgeon	in	Napoleon’s	army	who	
amputated	 the	 foot	 at	 this	 location.	Up	 to	20%	of	 these	 injuries	may	be	missed	
initially,	so	a	high	index	of	suspicion	is	warranted.11,12

•	Mechanism:	Generally	high-energy	injuries,	these	occur	when	an	axial	load	is	ap-
plied	to	the	plantarflexed	foot.	Often	seen	in	falls	from	height	or	motor	vehicle	ac-
cidents.	This	is	increasingly	seen	in	athletes	as	well—the	classic	example	is	a	football	
lineman	having	someone	fall	on	his	planted	foot	(where	the	ball	of	the	foot	is	on	
the	ground	and	the	heel	off	the	ground).

•	Examination:	 Patient	 is	 point	 tender	 or	 diffusely	 tender	 across	 the	TMT	 joints.	
Plantar	ecchymosis	is	classic	in	this	injury.

•	Imaging:	AP,	lateral,	and	oblique	views	of	the	foot	are	generally	diagnostic.	If	injury	
is	suspected	but	is	not	obvious	on	nonweightbearing	films,	bilateral	weightbearing	
AP	films	can	help	make	the	diagnosis.	If	weightbearing	films	are	not	possible	due	
to	pain,	stress	views	may	be	obtained	under	anesthesia.	With	normal	radiographs,	
on	 the	AP,	 the	medial	border	of	 the	 second	metatarsal	 lines	up	with	 the	medial	
border	of	the	middle	cuneiform	(Fig.	28-6).	On	the	oblique,	the	medial	border	of	
the	fourth	metatarsal	lines	up	with	the	medial	border	of	the	cuboid	(Fig.	28-7).	For	
those	with	a	Lisfranc	joint	injury,	the	metatarsals	most	commonly	appear	displaced	
to	the	fibular	side	of	the	foot.	For	suspected	injury	with	unclear	X-rays,	CT	scan	or	
magnetic	resonance	imaging	(MRI)	can	be	helpful	in	identifying	the	injury.

•	Classification:	Is	based	on	the	type	of	displacement	(Fig.	28-8).
•	Treatment:	 Reduction	 of	 gross	 dislocation/displacement	 should	 be	 obtained	

acutely.	If	the	foot	is	grossly	unstable,	pinning	may	be	necessary	until	soft	tissues	
allow	definitive	treatment.	Any	displaced	injuries	should	be	treated	with	anatomic	
reduction	and	fixation.	Primary	fusion	of	the	involved	joints	is	another	alternative	
and	has	been	shown	in	one	randomized	study	to	give	better	outcomes.13

•	Complications:	Massive	swelling	can	occur	in	high-energy	injuries.	Foot	compart-
ment	syndrome	can	also	occur.	Malalignment	can	lead	to	midfoot	arthritis.

METATARSAL FRACTURES

•	Background:	Many	fractures	of	the	central	metatarsals	(second	through	fourth)	can	
be	 treated	with	 a	hard	 soled	 shoe	 and	weightbearing	 as	 tolerated.	First	 and	 fifth	
metatarsal	fractures	are	treated	differently	than	isolated	central	metatarsal	fractures.

•	Mechanism:	Most	often	occur	as	a	result	of	a	crush	injury.	Axial	loading/twisting	
can	also	lead	to	metatarsal	fracture.	Fifth	metatarsal	avulsion	fractures	are	associated	
with	inversion	injury.

•	Examination:	The	foot	is	generally	point	tender	and	swollen	overlying	the	fracture	
site.

•	Imaging:	AP,	lateral,	and	oblique	views	of	the	foot	diagnose	these	injuries.
•	Classification:	By	 location	 primarily—neck,	 shaft,	 or	 base.	 Fifth	metatarsal	 frac-

tures	are	 further	divided	into	tuberosity	 fractures,	Jones	 fractures,	and	diaphyseal	
shaft	fractures.	Tuberosity	fractures	occur	at	the	very	base	of	the	fifth	metatarsal,	
proximal	to	the	fourth	to	fifth	metatarsal	articulation.	Jones	fractures	occur	at	the	
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junction	of	the	metaphysis	and	diaphysis,	which	is	at	the	level	of	the	fourth	to	fifth	
metatarsal	articulation.	Diaphyseal	shaft	fractures	occur	distal	to	this.

•	Treatment
•	First metatarsal fractures,	 given	 their	 importance	 in	 weightbearing,	 are	 often	

treated	operatively	when	any	significant	angulation	or	instability	is	present.
•	Isolated central (second through fourth) metatarsal shaft fractures	can	gener-

ally	be	 treated	with	a	hard	 sole	 shoe	and	weightbearing	as	 tolerated.	 If	 there	 is	
significant	angulation	or	plantar	displacement,	open	treatment	may	be	indicated.

•	Fifth metatarsal fracture	 treatment	 depends	 on	 the	 location	 within	 the	
metatarsal.
•	Avulsion fractures	of	 the	 fifth	metatarsal	base	can	generally	be	 treated	con-

servatively	with	weightbearing	 as	 tolerated	 in	 a	 post-op	 shoe	 or	 boot.	 If	 the	
fragment	is	large	and	significantly	displaced,	it	may	be	treated	with	ORIF.

•	 Jones fractures	have	a	high	propensity	to	delayed	union	and	nonunion	given	
the	vascular	supply	to	this	area	of	the	bone.	These	can	be	treated	either	 in	a	

Figure 28-6.	AP	radiograph	of	foot.
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short	 leg	 nonweightbearing	 cast	 for	 10	 to	 12	weeks,	 or	with	 intramedullary	
screw	fixation	and	early	weightbearing.

•	Diaphyseal fractures	can	often	be	treated	like	central	metatarsal	fractures	with	
a	hard	sole	shoe	or	fracture	boot.

•	Metatarsal neck fractures	 should	be	grossly	 aligned	 to	prevent	plantar	promi-
nence.	If	multiple	fractures	are	present	or	significant	displacement/angulation	is	
present,	percutaneous	pinning	may	be	considered.

•	Complications
•	Metatarsalgia	 can	occur	with	 shortening	or	plantar	 angulation	of	 shaft	or	neck	

fractures.
•	Nonunion	can	be	seen	in	Jones	fractures.	It	is	rare	with	other	metatarsal	fractures.

TOE FRACTURES

•	These	 injuries	 frequently	 occur	 by	 “stubbing”	 the	 toes	 against	 hard	 objects.	
They	are	generally	treated	by	taping	them	to	the	adjacent	toe	(“buddy	taping”),	

Figure 28-7.	Oblique	radiograph	of	foot.
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which	acts	as	a	splint.	Avoid	maceration	using	dry	cotton	or	Webril	between	the	
toes.

•	Great	 toe	 fractures,	 depending	 on	 location,	 angulation,	 and	 displacement,	 may	
either	be	 treated	with	 a	boot/cast	 or	 in	 some	 cases	ORIF/pinning	 to	maintain	 a	
plantigrade	foot	and	functional	hallux.	Displaced	intraarticular	fractures	should	be	
considered	for	ORIF.

SESAMOID FRACTURES

•	Acute	 fractures	 are	usually	 the	 result	 of	 either	 a	direct	 force	or	 a	 forceful	hyper-
extension	of	 the	 great	 toe.	The	 fractures	 are	usually	 transverse	on	 the	X-ray	 and	
are	 associated	with	 point	 tenderness	 on	 examination.	Treatment	 is	 symptomatic	
with	protected	weigthbearing	until	pain	 free.	Metatarsal	pad	or	 an	orthosis	with	
sesamoid	cut	out	may	help	 symptoms.	 If	painful,	 these	 fractures	may	need	bone	
grafting	to	promote	healing	or	resection	for	chronic	pain.
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 I. ACHILLES TENDINOPATHY encompasses both inflammation and degenera-
tion if present in the peritenon or tendon area.

A. Insertional type may be associated with a Haglund deformity or retro-
calcaneal bursitis. This is a typical overuse injury caused by accumulated 
impact load,1 which occurs most often in runners and repetitive jumpers. 
Insertional type occurs more in an older age group than does noninsertional 
tendinopathy.
1. Treatment will be conservative in 95% of cases. Rest, analgesics, cross 

training, physiotherapy, orthotics with a heel lift, and occasionally, cast-
ing could all be used. Steroid injections are very seldom indicated.2,3

2. Surgery is indicated after 6 to 12 months of failed conservative treat-
ment. It should address the following: excise retrocalcaneal bursa, resect 
superior calcaneal prominence, and debride the diseased or calcified 
portion of the tendon. Reattach if necessary. The patient should be non-
weightbearing for 6 to 8 weeks. Rehabilitation is resumed but recovery 
might take up to 1 year. Success rate is 70% to 86%.4

B. Noninsertional type is very frequently related to the hypovascular zone 
of the Achilles tendon 2 to 6 cm proximal to its insertion. The most com-
mon profile includes repetitive microtrauma, males, older athletes, tight 
gastrocsoleus complex and hamstrings, functional overpronation. Extrinsic 
factors include improper training, improper shoe wear, systemic or injected 
steroids, and fluoroquinolone antibiotics.5 There are various classification 
systems that can be simplified into peritendonitis (sheath only), tendinosis 
(tendon only), or pantendinitis (sheath and tendon).6 Diagnosis is primarily 
by history and clinical evaluation and is confirmed by ultrasound (opera-
tor dependent) or magnetic resonance imaging (MRI). Typical signs and 
symptoms are morning stiffness or pain, start-up pain, postexercise pain, 
and tendon fullness or the presence of a nodule.
1. Treatment in acute situations includes pain relief, analgesics, ice, and re-

striction of activities. A heel lift or boot brace can be used until symptoms 
subside,2 followed by a rehabilitation program.7 Other measures include 
stretching and strengthening of the Achilles and gastrocsoleus complex, 
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eccentric muscle-tendon strengthening review, and modification of train-
ing regimens (reduce frequency, duration, and intensity and focus on low-
impact activities), correction of structural abnormalities (overpronation), 
and modifications in foot wear. Treatment is 90% to 95% successful, but 
it usually takes 2 to 6 months to recover from an Achilles tendinopathy.

2. Treatment of chronic cases (>3 months) depends on severity. Periten-
dinitis is treated with mechanical “brisement” or surgical debridement 
followed by an early rehabilitation program.7 Chronic pantendinitis is 
treated with debridement, longitudinal tenotomy,8 or tendon transfer 
depending on the clinical situation. It appears from the literature that 
surgical treatment of chronic tendinitis may have better outcomes than 
nonoperative treatment.

 II. PLANTAR HEEL PAIN is a common foot problem in the athlete. Running and 
jumping place repetitive stress on the heel and create an overuse syndrome with 
chronic inflammation.
A. Differential diagnosis. To differentiate, a thorough history and examina-

tion is required. This should include exact location and duration of pain and 
the relationship to athletic activity. Chronic pain at rest is unusual and might 
be due to a neoplasm. The differential diagnosis includes the following:
1. Plantar fasciitis—By far the most common reason for plantar heel pain
2. Nerve entrapment
3. Fat pad atrophy
4. Heel bruise
5. Tenosynovitis of flexor hallucis longus or flexor digitorum brevis
6. Stress fracture
7. Tumor

B. Plantar fasciitis could be at the insertion into the medial calcaneal tuber-
osity or midsubstance at the midfoot area and may be due to repetitive 
traction and microtears. Usually, plantar fasciitis has an insidious onset as 
an overuse condition in long distance runners. Midfoot plantar fasciitis is 
more common in sprinters who run on their toes. Generally speaking, it has 
a better prognosis.
1. Symptoms and signs include pain during the first minutes of walk-

ing, especially when first getting out of bed. Pain may subside with 
low-intensity walking but then recur with prolonged or more vigorous 
activities.

2. Always evaluate for leg length discrepancy. Heel pain is more common 
in the shorter leg and may be treated with an appropriate lift. Also in-
quire about a functional short-leg syndrome from running on the same 
slope of the road. Plantar fasciitis is frequently caused by a shortened 
Achilles tendon because limited ankle dorsiflexion increases the stress on 
the plantar fascia. Fasciitis at the insertion has localized deep tenderness. 
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It is usually associated with increased pain with passive dorsiflexion 
of the toes (windlass mechanism). Midfoot fasciitis has tenderness in 
midfoot and increased pain with passive dorsiflexion of the toes. Passive 
dorsiflexion of the big toe aggravates both plantar fasciitis and flexor 
hallucis longus tendinopathy. Pain with resisted flexion of the big toe is 
painful only with involvement of the tendon.

C. Treatment
1. Conservative. The cornerstone of treatment is modification in training, 

for example, reducing mileage, shortening workouts, and alternating 
activities such as low-resistance cycling and swimming pool running.9 
There is not a single entity that works for everyone, but conservative 
measures usually include the following:
a. A shock-absorbing heel cup for heel pain or a full length orthotic or 

University of California Berkeley Laboratory (UCBL) orthotic for 
midsubstance pain.

b. Although not proven uniquely effective, analgesics, as they do de-
crease pain.

c. Physical therapy to include Achilles and plantar fascia stretching, 
hindfoot taping, contrast baths, and ultrasound treatment.

d. A night dorsiflexion splint might help to keep the fascia under ten-
sion to reduce early morning weightbearing pain. It is felt by the 
authors to be the corner stone of the treatment for plantar fasciitis.

e. Injections may be used in refractory cases. This has historically been 
done with steroids, although steroids pose a small risk of plantar fas-
cia rupture. Consistent with the fact that this has been noted to be a 
degenerative rather than an inflammatory process, there are no data 
demonstrating that the anti-inflammatory component of the steroid 
is necessary. For these reasons, many physicians are moving away 
from injections, or injecting, but without the steroid component.

f. Shockwave therapy, which tries to spur on inflammatory response, 
has proven to be helpful. The economics of health care have put a 
limitation on the availability of such treatment modality. The heel 
spur seen on plain radiographs is seldom, if ever, the cause of heel 
pain.

2. Surgical. Plantar fascia release should be avoided in competitive athletes 
because it may increase the compressive forces to the dorsal aspect of the 
midfoot and decrease flexion forces on the metatarsophalangeal (MTP) 
joint complex.10 When indicated, the plantar fascia is released from the 
calcaneus through a medial incision. The patient is allowed to bear weight 
as tolerated with crutches, and rehabilitation is started after 2 weeks.

D. Calcaneal fat pad trauma. The patient complains of diffuse plantar heel 
pain that is exacerbated with weight bearing and with activities on hard 
surfaces.
1. Examination reveals diffuse tenderness localized to the fat pad. There 

is no radiation of the pain. The heel pad feels soft and thin, and the 
underlying calcaneus is palpable.
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2. Treatment is nonsurgical. A cushioned heel cup and shock-absorbing 
shoes might help. The patient should reduce activities and avoid hard 
running surfaces. Several months may be required to resolve the constel-
lation of symptoms.

E. Nerve entrapment syndromes
1. Entrapment of the first branch of the lateral plantar nerve is a com-

mon cause of chronic heel pain in athletes.11 The site of compression is 
between the deep fascia of the abductor hallucis muscle and the medial 
margin of the quadratus plantae muscle. This injury is more common 
in athletes who spend a significant amount of time on their toes such as 
ballet dancers, figure skaters, and sprinters.
a. Diagnosis is made on clinical grounds. Exclude the more common 

reasons for heel pain. Early morning pain is less problematic; the pain 
increases as the day goes on. Tenderness is specific over the area of 
compression and may radiate down toward the toes (the Tinel sign).

b. Treatment is similar to that for other causes of heel pain. If conser-
vative treatment fails, a release of the nerve may be done through a 
medial incision.

2. Tarsal tunnel syndrome could also be a source of heel pain. Com-
pression of the posterior tibial nerve within the tarsal tunnel results in 
tenderness over the area that may shoot down toward the toes on the 
plantar aspect of the foot. Excessive pronation in long-distance runners 
may place repeated stress on the medial structures of the hindfoot.
a. On examination, there might be burning, pain, or tingling on the 

plantar aspect of the foot. Pain is more diffuse than with the other 
causes of heel pain. Electromyography studies along with a Tinel sign 
(electric shocks down the foot with tapping of the tibial nerve) and a 
highly suggestive clinical history are critical for the diagnosis of tarsal 
tunnel syndrome.

b. Treatment. A medial heel wedge or an arch support may decrease 
the tension on the medial side of the ankle and therefore the nerve. 
Physical therapy can also improve the biomechanics. Steroid injec-
tion into the tarsal tunnel might give short-term pain relief. Tarsal 
tunnel release is helpful in recalcitrant cases.

3. Metatarsalgia
a. Metatarsalgia or pain over the metatarsal heads is the most common 

forefoot problem. It typically occurs on the second metatarsal head 
and can have numerous etiologies.

 i. A tight or shortened Achilles tendon limits ankle dorsiflexion, 
which, in turn, increases the forces on the forefoot. A person 
compensates using the long toe extensors to augment dorsi-
flexion power, but this pulls the plantar fat pad away from the 
weightbearing surface under the metatarsal heads, further aggra-
vating forefoot pain.

 ii. Similarly, idiopathic claw toe deformities could displace the fat 
pad and cause metatarsalgia.
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 iii. MTP joint capsulitis may produce pain over the plantar aspect 
of the joint. This is more common at the second MTP joint and 
is associated with a long second metatarsal or instability of the 
first ray.

 iv. A Morton (or common digital nerve) neuroma causes pain in 
the web space as well. It is most common in the third web space 
(between the third and fourth metatarsals).

b. The differential diagnosis of midfoot to forefoot pain always includes 
stress fractures (see IV below)

c. Treatment. The goal is to unload the metatarsal area. Orthotics 
with metatarsal bars/pads, cushioned shoes, analgesics, and Achilles 
stretching are the cornerstones of initial management. If conservative 
management does not help, surgical correction of claw toes or exci-
sion of neuroma might be indicated.

 III. TIBIALIS POSTERIOR DYSFUNCTION SYNDROME. Rupture of the pos-
terior tibialis tendon (PTT) is a cause of a painful, acquired flatfoot deformity 
in adults. It is more common in women of age 40 and older.12–14 Numerous 
reports describing the condition have been published over the past 20 years, 
but it still remains a condition that is not commonly recognized. This could be 
due to the insidious nature of the condition, usually without a history of acute 
trauma.12

A. Anatomy. By virtue of its lever arm length and muscle strength, the PTT 
is the main dynamic stabilizer of the hindfoot against valgus deformity. It 
also plays a major role in maintaining the medial longitudinal arch. Insuf-
ficiency of the PTT results in excessive strain on the static ligament-bone 
hind- and midfoot constraints. The soft tissue gradually elongates, the arch 
flattens, and the peroneus longus and brevis tendons have an unopposed 
abduction force on the forefoot.

B. Etiology of PTT rupture. To understand the etiology of PTT tears, it is 
important to remember its function. It resists considerable forces in main-
taining the medial longitudinal arch. It also helps locking the mid- and 
hindfoot to allow a solid lever arm during the push-off part of the gait cycle. 
Approximately 20% of PTT ruptures are associated with rheumatic condi-
tions.12 An estimated 80% of PTT ruptures develop spontaneously. There 
are several theories to explain this phenomenon.
1. Mechanical. The acute angle around the medial malleolus could lead to 

excessive friction that leads to slow deterioration over many years. This 
also explains the age predilection of this condition.

2. Vascular. Laboratory studies have identified an area of poor blood sup-
ply to the tendon behind the medial malleolus. This could lead to a 
decrease in healing potential after minor trauma.

3. Achilles tendon contracture. Either due to gastrocnemius alone or in 
combination with soleus, a contracture or shortness of the Achilles ten-
don increases the workload and force on the PTT during the gait cycle.
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C. Clinical presentation. Contrary to popular belief, PTT rupture or insuf-
ficiency is common. A proper history and thorough physical examination 
is usually all that is needed to make this a straightforward diagnosis.
1. History. Onset is insidious, with discomfort reported on the medial side 

of the foot without any preceding acute trauma. Women are affected 
more often than men, and persons in their 40s are most often affected. 
There is not necessarily a relation to activity level. The overweight con-
dition is also correlated with a higher incidence of PTT pathology.

2. Symptoms. Initially, patients complain of only mild to moderate pain 
and of swelling and discomfort on the medial side of the foot and ankle. 
It is usually not incapacitating; rather, there is a chronic medial weight-
bearing ache that limits physical activities. Without treatment, the symp-
toms might increase over a variable length of time. In a late stage, the 
patient might complain of additional weightbearing pain on the lateral 
aspect of the ankle, a progressive deformity, and an abnormal gait.

3. Signs
a. In an early stage, one can see and palpate the swelling behind the 

medial malleolus and over the course of the PTT to its insertion in 
the navicular. The tenderness is usually over the same area.

b. In a more advanced stage, the hallmark deformity becomes apparent. 
This is a combination of hindfoot valgus, forefoot abduction, and 
flattening of the medial longitudinal arch.

c. Much information can be gathered by observing the patient. When 
viewed from posterior, the amount of heel valgus above the normal 
neutral to 5° in the weightbearing position can be noted. The “too 
many toes” sign is indicative of forefoot abduction. The patient is 
also asked to raise on the toes. A normal PTT locks the hindfoot in 
varus to give a solid lever for push-off. With an insufficient PTT, the 
heel does not move into varus, and it is impossible to raise oneself on 
the toes. “Too many toes” are seen when viewed from behind as the 
hindfoot remains in valgus.

d. Frontal and side views confirm the forefoot abduction and loss of 
medial arch. An apropulsive, antalgic gait is usually noticed if the 
patient is asked to walk at a rapid pace.

e. Physical examination further confirms the clinical suspicion. Tendon 
and muscle power around the ankle is tested. The PTT is evaluated 
with the foot in plantar flexion and inversion, and the patient is 
asked to invert the foot against resistance. Look for recruitment of 
the tibialis anterior to augment this action to compensate for the 
weakness or lack of function of the PTT.

f. The flexibility of the Achilles tendon is tested with the knee first 
extended to determine the role of the gastrocnemius in possible tight-
ness, and then with the knee flexed to isolate the soleus by eliminat-
ing the influence of the gastrocsoleus complex.

g. Range of movement of the ankle, especially the subtalar joint, is 
evaluated, and any pain is noted. In advanced cases, there might be 
tenderness on the lateral aspect of the ankle as a result of impinge-
ment of the fibula on the calcaneus.
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4. Diagnostic workup. Thorough history and clinical examination are 
usually all that is needed to make the diagnosis.
a. Plain roentgenographs. In most cases beyond stage 1, weightbear-

ing radiographs show specific changes. The most obvious is the 
change in the talo-first metatarsal alignment on the anteroposterior 
and lateral views. In a normal foot, the talo-first metatarsal alignment 
is in a straight line. In PTT ruptures, the alignment is altered to vary-
ing degrees because of the peritalar subluxation.

b. MRI confirms a tear or degeneration in the PTT and shows the ab-
normal alignment of the bony elements, but it is costly and usually 
unnecessary. It is helpful in early, subtle injuries of the tendon and to 
rule out other causes of medial midfoot pain such as navicular stress 
fractures.

c. Computed tomography (CT) is not necessary as a primary diag-
nostic tool, but it can be helpful to determine the integrity of the 
peritalar joints and, therefore, in planning the surgical procedure. It 
is of great value in the continuing study of the changes in the foot 
secondary to PTT ruptures.

5. Classification
a. Stage 1a: mild, occult (13%). Symptoms last less than 1 year, there 

is mild swelling and tenderness over the PTT and slight weakness 
in inversion power, and there is minimal hindfoot valgus on weight 
bearing.

b. Stage 1b: moderate (44%). Symptoms last up to 18 months, and 
there is definite tenderness, swelling, and weakness of the PTT.

c. Stage 2: advanced (17%). Symptoms last for 1.5 to 2.5 years. There 
is more pronounced flatfoot deformity caused by peritalar sublux-
ation, and there is considerable heel valgus and moderate prominence 
of the talar head medially. The subtalar joint is usually still mobile 
and the deformities passively correctable.

d. Stage 3: peritalar dislocation (26%). Progressive dorsolateral 
peritalar subluxation reaches the point of dislocation in the neglected 
case. Symptoms last between 4 and 20  years. Pain also occurs on 
the lateral side as a result of impingement of the calcaneus on the 
distal fibula. The fibula takes an increasing amount of load on 
weight bearing. It becomes hypertrophic, and stress fractures are not 
uncommon. The talocalcaneal relation is completely distorted, with 
minimal actual articular contact. The majority of these deformities 
are fixed and not passively correctable.

e. Stage 4: valgus talus. The final and more severe stage of PTT dys-
function also includes a valgus alignment of the talus on top of the 
already mentioned changes present for stage 3.

6. Treatment
a. Nonsurgical. Other than certain grade 1a tears, nonsurgical manage-

ment of PTT tears is essentially palliative. In most cases, it will nei-
ther result in healing of the tendon nor correction of the deformity. 
Noninvasive means are therefore only useful if there are factors pres-
ent that contraindicate surgical intervention. This includes advanced 
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age, significant medical problems, low-activity level, and minimal 
discomfort. It is still advisable to start most patients on conservative 
treatment before electing to do surgery. Treatment should be directed 
to control pain, inflammation, and development of deformity. Op-
tions include the use of crutches, minimal weight bearing, or cast-
ing in a recent onset case. Nonsteroidal anti-inflammatory drugs 
(NSAIDs) might help relieve pain and swelling. In more advanced 
cases, orthotics comes into play. These include heel or sole lifts, in-
serts, UCBL type heel cups, and modified, accommodative shoes. In 
severe deformities, shoe modifications could be used.

b. Surgical. Surgical treatment options include tendon repair, tendon 
augmentation, and bony stabilization of both nonessential and es-
sential joints.

 i. Stage 1. A tendon repair is still feasible. The PTT can be aug-
mented with a second tendon. A multitude of augmenting 
techniques has been described.12,14 This includes the use of the 
flexor digitorum longus most frequently, flexor hallucis longus, 
or peroneus longus that serve as dynamic stabilizers. Free tendon 
grafts are also used to repair the PTT, although the results are 
variable. It is of utmost importance to evaluate for tightness of 
the Achilles tendon and to lengthen it if necessary.

 ii. Stage 2. In more advanced cases, tendon repair and augmenta-
tion is usually not sufficient to relieve pain and prevent defor-
mity. The surgical option is dependent upon the degree and 
mobility of the deformity. If the peritalar subluxation is still 
correctable, the improvement of alignment is done primarily 
by sparing joints. This includes the lateral column distraction 
fusion that reduces the peritalar subluxation and heel valgus 
without compromising the important subtalar and talonavicular 
movement. Other options include a calcaneus valgus producing 
osteotomy or a medial column closing wedge osteotomy.

 iii. Stage 3. The surgical treatment of peritalar subluxation with a 
fixed hindfoot deformity usually requires a combination of hind-
foot joints fusions. The procedure will have to be tailored to the 
patient based on the type of deformity.

 iv. Stage 4. Most cases present with a large degree of osteoarthritis 
along the ankle and hindfoot. The standard of care will consist 
of a pantalar arthrodesis.

 IV. STRESS FRACTURES

A. Description. The foot and ankle are the most common areas for stress frac-
tures. A stress fracture is defined as a partial or complete fracture resulting 
from its inability to withstand repetitive stress applied in a repeated, sub-
threshold manner. It is, therefore, a series of events causing stress fractures. 
Ninety-five percent of stress fractures are in the lower extremities, ±50% are 
of the foot and ankle. All the bones of the foot and ankle are susceptible to 
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sustain stress fractures. The metatarsals, although, are involved in 55% of 
cases, whereas the sesamoids and talus are involved in less than 1%. Stress 
fractures occur in all sports but especially in running-based sports.15 Sed-
entary people starting a fitness program are more prone to stress fractures. 
This is a well-demonstrated phenomenon in new military recruits. Stress 
fractures are more likely to develop in women. Leg length discrepancy, 
malalignment, prior injury, cavus feet that lack normal pronation, as well 
as poor physical condition, predispose to stress fracture.

B. Diagnosis
1. The history is fairly typical, with pain being intensified by ongoing 

training. There might be an association with a recent increase in dura-
tion and intensity of training. It is usually insidious with an increase of 
pain over a period.

2. There should always be a high index of suspicion for stress fractures 
with insidious onset of pain. Physical examination should localize the 
involved area.

3. Standard radiographs should be the first-line imaging test for evalu-
ation of possible stress fractures. However, one must be aware of their 
lack of sensitivity. Callous formation is the abnormality seen on plain 
films and represents the healing of the injury. Plain films will thus be 
nondiagnostic for the first few weeks. Furthermore, a large percentage 
will always appear normal on X-rays. Thus, if one’s clinical evaluation is 
suspicious for stress fracture, further imaging is often necessary.16

4. Bone scans. The gold standard for recognizing a stress reaction in bone 
used to be a technetium bone scan. The bone scan becomes positive after 
a week of ongoing stress reaction in the bone. A negative bone scan ef-
fectively rules out a stress fracture.16

5. MRI. It is useful to list the indication, as special short time inversion 
recovery (STIR) images may be helpful. It is the most sensitive and spe-
cific method of diagnosing and grading stress fractures and is especially 
helpful in the feet.17

6. The combination of a negative roentgenogram and positive bone scan 
represents an early fracture, and treatment at this stage may prevent 
longstanding problems. CT scan has a place in diagnosing talus and 
midfoot fractures because these bones are cancellous in structure and 
stress fractures are difficult to identify on plain radiographs.

7. The most critical or at-risk stress fractures of the foot are of the na-
vicular, proximal second metatarsal,18 intraarticular fractures, and the 
great toe sesamoids. The navicular is particularly difficult to diagnose.19 
Workup should include plain films, MRI bone scan, and CT scan. Sig-
nificant disability can result from delayed diagnosis.

C. Treatment
1. Treatment greatly depends on the location of the stress fracture. For 

high-risk bones (navicular, talus, and so forth), treatment should include 
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6 weeks of casting followed by verification of union by CT. Resumption 
of leg-based athletics is at 12 to 18 weeks after initiation of treatment. 
Custom orthotics should be used when the patient returns to athletics.16

2. Noncritical fractures include distal metatarsals 2, 3, and 4, the lateral 
malleolus, and the calcaneus.20 Treatment should be aimed at keeping 
the level of activity below that which causes pain. This implies decreas-
ing the level of activity or substituting swimming, biking, circuit train-
ing, or other low-impact activities. Orthotics within shoes can limit 
stress in the involved area.19 Activities can progress as long as they are 
not painful. There are reasons to try to limit NSAIDs as their anti-
inflammatory properties can inhibit bone healing and their pain relief 
properties may give the patients a false level of reassurance.21

 V. GREAT TOE METATARSOPHALANGEAL JOINT PROBLEMS

A. Turf toe is defined by some as a sprain of the plantar capsuloligamentous 
complex. Others use the term to be more encompassing for various injuries 
around the first MTP joint. Differential diagnosis includes injury to the 
medial or lateral ligamentous structures, the phalangeal sesamoid ligament, 
a fractured sesamoid, osteochondral or chondral injury, chondral contusion 
caused by direct axial impact, and dislocations or injury to the interpha-
langeal joint.22 This injury is common in football players but is also seen 
in basketball and track athletes. Careful history and clinical evaluation are 
necessary to localize the injury. Anteroposterior, lateral, oblique, and sesa-
moid views should be obtained.
1. Initial conservative treatment consists of the general approach: rest, ice, 

compression, and elevation. A postoperative shoe with firm sole to limit 
movement of the MTP joint helps in ligamentous injuries. The patient’s 
foot is immobilized for 3 weeks and rehabilitation is started as tolerated. 
Sesamoid fractures are treated with a cast shoe with the great toe in 10° 
of flexion for 8 to 10 weeks.

2. Surgical treatment in a case of chondral fracture consists of debride-
ment and drilling of articular surface if pain persists. Partial excision or 
internal fixation of sesamoid fracture is undertaken when the fracture 
does not heal.

B. Hallux rigidus is degenerative arthritis of the first MTP joint. In most 
cases, there is no specific predisposing factor.
1. Possible etiologies include congenital flattening of the metatarsal head, 

metatarsus primus elevatus, osteochondritis of the head, a long hallux, 
pes planus, and osteochondral injuries (turf toe).

2. Hallux rigidus presents a significant problem for an athlete. Dorsiflexion 
of the big toe plays an important role in activities such as accelerating 
and jumping. Compensation by rolling onto the lateral aspect of the 
foot might cause stress and strain on the ankle, knee, and hip.

3. Diagnosis. Enlargement around the MTP joint is usually obvious. 
This is due to a combination of bony prominences and synovitis. 
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Dorsiflexion is limited and reproduces the patient’s pain. Radiographic 
findings might be minimal in early stages. With time, obvious degen-
erative changes and osteophytes within the joint become apparent. 
Sesamoids are generally not involved.

4. Differential diagnosis includes gout or other inflammatory arthritis.
5. Treatment

a. Conservative. Pressure against the toe is alleviated by modifying foot 
wear, incorporating a higher and wider toe box, a stiffer shoe, a rigid 
insert, or a rocker bottom sole. NSAIDs or injected steroids might 
give symptomatic relief.

b. Surgical. Fusion is a good option in older people but would sig-
nificantly impair athletic performance. In athletes, a cheilectomy 
(debridement of the MTP joint) with or without a dorsiflexion 
osteotomy of the proximal phalanges (Moberg procedure) is pre-
ferred.23,24 The patient is permitted to ambulate weight bearing as 
tolerated in a postoperative shoe. Rehabilitation starts 7 to 10 days 
after surgery with active and passive range-of-motion exercises. The 
patient should wear a soft shoe to allow motion at the MTP joint 
with walking. Athletes could resume cycling, swimming, and any 
activity that avoids significant impact against the MTP joint but 
should avoid running, jumping, and similar activities for 6 to 12 
weeks. MTP joint arthroplasties (excision or prosthetic replacement) 
have very limited application in the young, active population.

 VI. HALLUX VALGUS (BUNIONS). The etiology of hallux valgus is still debated, 
but there appears to be a significant familial predisposition. Shoe wear has been 
suggested as an etiologic factor, as a tight toe box and a high heel will place 
an increased laterally and distally directed force on the great toe. Joint laxity is 
associated with an increased rate of hallux valgus. Not all hallux valgus defor-
mities are symptomatic. Typically, patients will describe pain over the medial 
bunion that corresponds to bursal inflammation. In more severe deformities, 
the main complaint is that of second and third ray metatarsalgia.

A. Evaluation
1. History

a. What causes pain?
b. Shoe wear: Type and any recent changes?
c. What activities does it affect?

2. Physical examination
a. Compare shoe size with foot size. Any change in shoes due to 

bunions?
b. Evaluate callus pattern: Lesser metatarsal overload, great toe pronation
c. Evaluate gait: excessive pronating, → more force on the medial rays, 

→ increased valgus angulation of first MTP joint. Evaluate kinetic 
chain of gait from the pelvis down.

3. X-rays
a. Angle of long axis of first and second metatarsals
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B. Treatment
1. Conservative

a. Shoe modification is the most important. The shoes should be big 
enough, have a low heel, and a wide and deep toe box.

b. Orthotics to support the medial arch and unload the lesser metatarsal 
heads might be of benefit.

c. Bunion pads might help for medial eminence pain.
d. Silicone spacers could be used between the toes.
e. Physical therapy if biomechanical factors seem to be resulting in 

excessive foot pronation.
2. Surgical

a. Should never be for cosmetic reasons, rather for pain and functional 
reasons.

b. Refer to a surgeon if there is not adequate pain relief after 6 months 
of appropriate conservative care.

 VII. CLAW AND HAMMER TOES. The claw toe represents a hyperextension de-
formity of the MTP joint and a flexion deformity of the proximal (PIP) and 
distal (DIP) interphalangeal joints. This frequently involves multiple toes and 
is usually an indication of a muscle imbalance between the intrinsic or extrinsic 
muscles of the toes. The most common complaint is pain and friction over the 
dorsum of the PIP joint. With time, the plantar fat pad dislocates distally and 
exposes the metatarsal heads. This results in significant metatarsalgia.

A hammer toe deformity consists of a flexion deformity of the PIP joint; 
often with this, the MTP joint and the DIP joint are in extension to compen-
sate the excessive flexion. The most common cause of a hammer toe deformity 
is a result of the toe hitting against the tip of the shoe resulting in a flexion 
deformity. These patients typically will have symptoms as a result of a pain-
ful corn at the tip of the toe or a callus along the dorsum of the PIP joint of 
the toe.
A. Evaluation

1. General
a. Neurologic abnormalities
b. Muscle imbalance, specifically gastrocnemius-soleus contracture
c. Intrinsic muscle imbalance
d. Diabetes
e. Vascular compromise

2. Local
a. Flexible (correctible) deformity: Usually does well with conservative 

treatment
b. Rigid (impossible to passively correct the PIP or DIP deformity)

 B. Conservative treatment
1. Shoe modifications: Should be big enough, low heel, wide and deep toe 

box. This is especially important for rigid deformities.
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2. Orthotics with a metatarsal bar might help to reduce the plantar fat pad 
and reduce the metatarsal pain.

3. Silicone spacers and sleeves and claw toe splints might be helpful.
C. Surgical treatment. Only indicated if conservative measures fail
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 I. GENERAL GUIDELINES

A. For any injection, consider infiltrating the subcutaneous skin of the entry 
site. It will improve the patient’s comfort, and it will allow one to make 
several attempts without extra discomfort for the patient. Using an ethyl-
chloride-based spray is a reasonable alternative to “freeze” the skin in the 
area of the injection.

B. When using corticosteroids, be aware of the possibility of subcutaneous 
atrophy or skin color changes if the medication is left subcutaneously.

C. In an obese patient, be prepared to use spinal needles.
D. Use larger gauge needles with large syringes (20 cc and above) if an aspira-

tion of a joint is going to be performed as blood or pus presents a thicker 
texture than synovial fluid.
When trying to rule out a septic joint, avoid having the entry site over the 

area of cellulitis as this will contaminate the joint and eventually the sample 
sent to the lab.

 II. THE SHOULDER JOINT (i.e., the glenohumeral joint) may be entered either 
anteriorly or posteriorly as depicted in Fig. 30-1. When using the anterior ap-
proach, palpate the medial aspect of the humeral head and enter just medial 
to this. In our experience, more physicians now prefer a posterior approach. A 
posterior aspiration or infiltration of the shoulder is performed with an entry 
site located approximately 2 cm distal and 1 cm medial to the posterior corner 
of the acromion (Fig. 30-1B). At this level, the “soft spot” of the shoulder can 
be felt. The needle will be placed perpendicular to the posterior chest wall and 
aiming for the coracoid process, which is felt over the anterior aspect of the 
shoulder with the opposite hand. A “pop” will be felt when the capsule is pen-
etrated with a medium-sized needle. Slight rotation of the arm may be used to 
confirm if the needle tip is over the glenoid rim versus the humeral head and 
the need for any relocation of the needle.

Using the same entry site and with an angle of approximately 30° cephalad, 
the subacromial space can be reached. Sometimes if the needle is angled too 
superiorly, or in an obese patient, the needle will hit the posterior margin of the 
acromion and it will have to be “walked” into the subacromial space.

30 Aspiration and 
Injection of Upper  
and Lower Extremities
Fernando A. Pena
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Figure 30-1 Shoulder joint and subacromial space.
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 III. THE ELBOW JOINT (Fig. 30-2). The elbow will present a semi-flexed posi-
tion secondary to the pain and increased intraarticular fluid. The entry site 
will be located at the center of the triangle formed by the lateral epicondyle, 
the radial head, and the most lateral corner of the olecranon. At this level, the 
“soft spot” of the elbow joint is felt and the elbow joint can be easily reached. 
A second approach can be done immediately proximal to the superior margin 
of the olecranon and centered over the middle third of the olecranon through a 
transtendinous approach for the triceps tendon. This would provide full access 
to the olecranon fossa.

An injection of the extensor carpi radials brevis (ECRB) for “tennis elbow” 
will be performed after identifying the most tender spot. For the most part, it 
will be located just a few centimeters proximal to the lateral epicondyle. With an 
angle of 30°, the painful spot is reached with the tip of the needle, and after back-
ing out a few millimeters the medication is injected. Multiple “hits” with the tip 
of the needle against the lateral cortex of the humerus will be made to “agitate” 
the attachment site of the ECRB, which will promote healing and pain relief.

 IV. THE WRIST JOINT (Fig. 30-3). The wrist would be approached from the 
dorsal aspect. Most commonly, we can access the proximal radiocarpal joint in 
between the third and fourth extensor tendon compartments. This is located 
approximately 1 cm distal to Lister tubercle which is easily palpable. On the 
same direction and moving 2 cm distal from the tubercle, we will have access 
to the intercarpal joint. The joint space in between the carpal bones is quite 
limited, and most of the time the medication will be placed in between the 
capsule and bony structures and not in between the carpal bones. The distal 

Lateral view
Figure 30-2. Elbow joint.
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radioulnar joint can be approached in between the fourth and fifth extensor 
tendon compartments. The entry site for the needle is located over a divot, 
which may be felt radial to the most prominent portion of the ulna.

 V. THE HIP JOINT (Fig. 30-4). Intraarticular hip injections are safest when 
done with fluoroscopic guidance. A lateral or anterolateral approach can be 
recommended to access the hip joint. With any hip aspiration/injection, the 
femoral pulse must be palpated and marked to get a good sense of the location 
of the femoral neurovascular bundle and the chances for injury after different 

Figure 30-3. Wrist joint.
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maneuvers. Spinal needles must be used to reach a joint as deep as the hip 
joint. The anterolateral approach will have an entry site located approximately 
over the junction of the lateral with the middle third of the total distance be-
tween the greater trochanter and the inguinal ligament. With this entry site, 
the needle will be angled approximately 45° cephalad and 45° medially. It is 
recommended to proceed with imaging intensification in order to guarantee 
full access to the hip joint. The lateral approach consists of performing an injec-
tion right above the tip of the greater trochanter and aiming straight medial to 
reach the junction of the femoral head with the femoral neck. The needle will 
be angled slightly anteriorly in order to correct for the femoral anteversion. An 
alternative to this is to place the extremity in internal rotation by 15° to 20° 
and the needle parallel to the coronal plane.

The greater trochanter bursa can be injected easily within the office, with-
out any fluoroscopic assistance. The needle is placed slightly distal to the most 
prominent or painful area and angled 30° to 40° from inferior to superior until 

Greater
trochanter

Anterior lateral

Lateral

Figure 30-4. Hip joint.
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the lateral cortex of the femur is touched with the tip of the needle. At this 
level, pull back a few millimeters and proceed with the injection of the area. 
The medication should go without much resistance as a confirmation of being 
in a virtual space (i.e., greater trochanter bursa).

 VI. THE KNEE JOINT (Fig. 30-5). A knee with a moderate to large effusion will 
present an increased space between the patella and the femur as the patella is 
translated anteriorly by the increased intraarticular pressure. Therefore, under 
those circumstances, the easiest approach is to proceed laterally. The needle will 
be placed at a 90° angle with the long axis to the limb. The entry site will be 
located at the level of the proximal pole of the patella. Laterally, a void between 
the patella and the femur may be felt and the needle will be easily introduced at 
that level. Aspiration of the joint can be performed with subsequent “milking” 
of the intraarticular effusion.

An injection of a knee joint without an effusion through this approach is 
slightly more difficult as there is no virtual space created between the patella and 
the femoral trochlea. In an attempt to inject the knee joint through the already 
described lateral approach, the nontrained physician most likely will hit and 

Figure 30-5. Knee joint.
A
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B
Figure 30-5. (continued).

damage the articular surface of the patella and/or femur. Therefore, the authors 
prefer to proceed with a lateral approach, similar to the one performed during 
knee arthroscopy (Fig. 30-5B). This is located at the level of the inferior pole of 
the patella and a few millimeters lateral to the border of the patellar tendon. The 
needle is aimed at 30° caudad and 30° medially toward the trochanteric notch. 
The knee will be flexed at 90° when this is performed. During the injection of 
the medication, some resistance may be felt, which is related to the presence 
of the retropatellar fat pad. This will be avoided by moving the needle either 
forward or backward until the injection becomes easier to perform.

 VII. THE ANKLE JOINT (Fig. 30-6). The safest approach to the ankle joint is 
through the medial aspect. The needle will be placed at approximately 60° from 
the sagittal plane with an entry site immediately medial to the anterior tibial 
tendon. A “soft spot” can be felt which corresponds to the tibiotalar joint. The 
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“shoulder” of the tibial plafond will be easily identified at that level. Special 
attention is required to direct the needle to be oblique enough to avoid any 
scuffing of the cartilage as the ankle joint is a very superficial joint. An alterna-
tive approach is to proceed with a lateral aspiration or injection, which will be 
done lateral to the extensor digitorum longus tendon. Also, 60° of obliquity is 
recommended. The level for the entry site is similar to the one described for the 
medial approach. The dorsal cutaneous branch of the superficial peroneal nerve 
is at risk for an injury with the use of the lateral approach. In most occasions, 
it can be seen or felt with forced plantar flexion of the foot and the fourth toe, 
which places the superficial nerve under tension.

Figure 30-6. Ankle joint.

Anterior
lateral

Anterior
medial
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Figure A-1. Elbow.
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Figure A-2. Forearm.

Figure A-3. Wrist.
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Figure A-4. Thumb (flexion).
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Figure A-5. Thumb (opposition).
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Figure A-6. Fingers (flexion).
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Figure A-7. Fingers (extension, abduction, and adduction).
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Figure A-8. Shoulder (abduction, adduction, flexion, and extension).
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Figure A-9. Shoulder (rotation).
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Figure A-10. Methods of measuring spinal flexion.
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(                 )

Figure A-10A. (continued)
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Figure A-11. Thoracic and lumbar spine (extension).

Figure A-12. Thoracic and lumbar 
spine (lateral bending).
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Figure A-13. Spine (rotation).

Figure A-14. Cervical spine.
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Figure A-15. Hip (flexion). Always keep opposite hip flexed to flatten lumbar spine.
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Figure A-16. Hip (extension).
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Figure A-17. Hip (abduction and adduction).
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Figure A-18. Hip (rotation).
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Figure A-19. Knee.

Figure A-20. Ankle. Always note position of knee when recording ankle extension and flexion.
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Figure A-21. Hind part of the foot (passive motion).
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Figure A-22. Forepart of the foot.
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B
Grade 5:  Normal. Normal power is present. The muscle can move the joint through 

a full range of motion against full resistance applied by the examiner or by 
any other test methods.

Grade 4:  Good. The muscle can move the joint through a full range of motion 
against gravity and against some resistance, but cannot overcome normal 
resistance.

Grade 3:  Fair. The muscle can move the joint through a full range of motion only 
against gravity.

Grade 2:  Poor. The muscle can move the joint through a complete range of motion 
only when gravity is eliminated.

Grade 1:  Trace. Contraction of the muscle is felt, but no motion of the joint is 
produced.

Grade 0: Zero. Complete paralysis is present with no visible or palpable contractions.

Muscle Strength 
Grading



Dermatomes and 
Cutaneous Distribution 
of Peripheral Nerves

C

Figure C-1. Anterior view of the dermatomal innervation of spinal segments. (From  
Haymaker W, Woodhall B. Peripheral Nerve Injuries, 2nd ed. Philadelphia, PA: WB 
 Saunders, 1953:26, with permission.)
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Figure C-2. Posterior view of the dermatomal innervation of spinal segments.  
(From Haymaker W, Woodhall B. Peripheral Nerve Injuries, 2nd ed. Philadelphia, PA: WB 
Saunders, 1953:27, with permission).
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Body Mass Index calculation

BMI 5 Weight (in kg) / Height (in meters)2.

, 18.5 5 Underweight
18.5–24.9 5 Normal weight

25–29.9 5 Overweight
≥ 30 5 Obese



Surgical Draping 
TechniquesE

A B

Figure E-1. A back drape. A: Four towels are used to square off the operative site. A plastic 
adherent sheet is then applied to the skin and towels. B: One sheet is placed over the superior 
portion of the body. A lap or split sheet is used last. An easier alternative is to use a commer-
cially available impervious sheet after toweling off the operative area.
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B

A

Figure E-2. An extremity drape. A: Place a small waterproof sheet under the extremity. If a 
cloth or nonwaterproof sheet is used, place a plastic or waterproof sheet over the first sheet. 
B: A second small sheet is placed under the extremity with the proximal edge brought around 
the extremity and clipped just distal to the tourniquet. C: If the skin has been prepared with 
a germicidal antiseptic, two layers of tubular stockinet are rolled over the extremity up to the 
tourniquet, but any unprepared skin must also be wrapped with sterile bias-cut stockinet. The 
third small sheet is placed proximal to the extremity and is clipped beneath the extremity just 
distal to the tourniquet. D: A lap or split sheet is applied last. Commercial extremity sheets 
with a tight waterproof rubberized cuff to seal off the extremity are now available.
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D

C

Figure E-2. (continued)
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B

A

Figure E-3. A shoulder drape. A: This is the basic position. A plastic sheet with an adherent 
edge may be placed just inferior to the hairline. A sandbag is placed under the appropriate 
shoulder. A neurologic headrest may be used. If necessary, the surgical table can be adjusted 
to make the upper body more upright. B: The arm is squared off with towels that are clipped 
to each other. A plastic split sheet with an adherent edge may be placed over the towels. Two 
layers of tubular stockinet are rolled up the arm. Three or four small sheets are placed over the 
towel edges and are clipped, or a split sheet may be used. The head and neck need to be prop-
erly sealed off. One large sheet is placed over the inferior portion of the body. The stockinet 
can be kept secure by overwrapping with a sterile 4-in elastic compression (Ace) wrap.
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C

B

A

Figure E-4. A lateral hip drape. A: The patient is carefully positioned lateral on the table 
(perpendicular to the table). B: Three towels are used to drape the hip and are clipped to-
gether. The anterior and posterior towels must cover the pubic area. The first sheet is placed 
between the legs, and two layers of stockinet are rolled up the leg, which has been prepared 
first with a germicidal antiseptic, and overwrapped with a 6-in elastic compression (Ace) wrap. 
A split sheet with an adhesive edge is applied next, sealing off the perineum snugly, but  
allowing for proper posterior exposure. C: An adhesive plastic sheet is placed over the exposed 
skin. The completed draping system must have two layers of sterile sheets superior, inferior, 
and around the hip.



Electromyography 
and Nerve Conduction 
Studies

F
 I. ELECTROMYOGRAPHY

A. Usage. An electromyelogram (EMG) assists in the differential diagnosis of 
diseases affecting the lower motor neuron and its motor unit. The muscle 
action potentials are picked up by three electrodes: a recording or positive 
electrode; an indifferent electrode, which subtracts out extraneous electrical 
disturbances; and a ground. The electrical activity is displayed on an oscil-
loscope, as shown in Fig. F-1, and is played through a loudspeaker. It takes  
7 to 21 days for denervation to occur, and studies performed during the first 
week following injury or the onset of symptoms are usually unrevealing.

B. Findings
1. When denervated, a muscle at rest has fibrillation potentials and 

positive “sharp waves.” Both potentials are shown in Fig. F-2. The 
fibrillation potentials have a voltage of 10 to 300 mV, a duration of  
1 to 5 milliseconds, and a frequency of 1 to 30 per second. They sound 
like raindrops falling on a tin roof. The positive sharp waves have a 
great variability of voltage, a duration exceeding 10 milliseconds, and 
a frequency of 2 to 100 per second. The sound is that of a dull, loud 
thumping.

2. In partially denervated muscles under voluntary contraction, a 
polyphasic unit (highly complex motor unit voltages) often develops. 
It has a voltage of 50 to 500 mV, a duration of 5 to 25 milliseconds, and 
usually six or more spikes (Fig. F-3).

3. The nascent (just born) motor unit activity (Fig. F-4) is the early 
evidence of nerve regeneration.

4. Myotonia dystrophica and myotonia congenita produce high-
frequency discharges that sound like a dive bomber in the loudspeaker. 
They are precipitated by needle insertion, percussion, or voluntary con-
traction (Fig. F-5). Pseudomyotonic potentials have no waxing or wan-
ing of the sound and are found in polymyositis, alcoholic neuropathy, 
and so on.

5. In primary muscle disease, voluntary contraction produces small poly-
phasic units of short duration (Fig. F-6).

5 6 8
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Figure F-1. Normal innervated muscle contracted. Action potential 5 to 
10 milliseconds, 500 to 2,000 μV.

Figure F-2. Denervation.  
A: Fibrillation potential.  
B: Positive sharp wave.

Figure F-3. Complex polyphasic motor unit.

Figure F-4. Nascent motor unit activity.

Figure F-5. Myotonia.

Figure F-6. Myopathic activity.
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6. A complete nerve lesion has no action potentials; a partial lesion has 
at least a few action potentials with voluntary contraction.

7. The localization of a nerve lesion is made by the application of a thor-
ough knowledge of neuromuscular anatomy. A summary of EMG find-
ings and their interpretation is found in Table F-1.

 II. NERVE CONDUCTION STUDIES are done by stimulating a nerve trunk at 
two points with an electrical pulse strong enough to activate all the motor 
axons. The pulse required is 0.1 to 0.5 milliseconds in duration with 60 to 
300 V. The sweep of the oscilloscope is calibrated so that the time between each 
shock and the beginning of each evoked muscle action potential (picked up by 
another set of electrodes) can be measured. By dividing the distance between 
the two stimulating points by the difference in time to activate the muscle, the 
motor conduction velocity is obtained:

Conduction velocity 5 distance/latency2 – latency1

A. Motor
1. In general, motor conduction velocities in excess of 45 m per 

 second in the arms and in excess of 40 m per second in the legs are  
considered normal. Conduction velocity of a nerve increases 2.4 m/
second/1°C elevation in temperature. This increase must be considered 
when studying a limb with impaired vascularity. Also, conduction 
velocities are faster in the proximal segments of a nerve than in the 
distal segments. This difference is a function of temperature and of the 
 diameter of the nerve. The newborn has conduction velocities of one 
half the adult value, with the adult range reached by age 3. Conduction 

TABLE F-1 Presumptive Diagnoses from EMG Findings

EMG Findings Presumptive Diagnoses
Fibrillation potentials with the muscle 
at rest

Muscle at least partially denervated

Positive sharp waves Muscle at least partially denervated

Polyphasic motor unit voltages Chronic denervation
Nascent motor units Nerve regeneration
Myotonic voltage discharges Myotonia dystrophica or myotonia 

congenita
Pseudomyotonic discharges Polymyositis, alcoholic neuropathy, etc.
Small polyphasic units Primary muscle disease
No action potential A complete nerve lesion
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velocity gradually decreases with aging, slowing by 6% between the third 
and seventh decades.

2. Distal motor latencies are normally lower than 5 milliseconds except 
in the posterior tibial and peroneal nerves where the latency should 
be less than 7 milliseconds.

B. Sensory nerve conduction studies are often the most sensitive to detect 
nerve abnormalities. They are done by stimulating the sensory fibers of 
a digit and recording the sensory nerve’s electrical activity with electrodes 
placed more proximally on the extremity so as to measure both the con-
duction velocity and latency. An absent response is a positive finding and 
indicates significant abnormality. The sensory nerve conduction studies 
require more expertise by the examiner.
1. Sensory nerve conduction velocities in the upper extremities are nor-

mally greater than 35 m per second in the wrist to elbow segment.
2. The upper limit for normal distal sensory latencies is 4 milliseconds.
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Abatacept, 80
ABCs (airway, breathing, circulation), 7
Abdominal injury, 11
Abduction

fingers, 540f
forepart of foot, 553f
hip, 549f
shoulders, 541f

Acetabular fracture, 410–411, 413
Achilles tendinopathy, 513–514
Achilles tendon rupture, 497–498
Acromioclavicular (AC)

dislocation, 287
injuries, 284–291
joint, 287, 287f
joint disorders, 307

Acromion, 302
Acute carpal tunnel syndrome (CTS), 39, 341
Acute incapacitating backache, 266
Acute rotator cuff tears, 299
Acute spinal instability, 235
Acute surgical repair, 455
Adam’s forward bending test, 116
Adduction

fingers, 540f
forepart of foot, 553f
hip, 549f
shoulder, 541f

Adherent materials, 133
Adhesive capsulitis, 306–307
Adhesive strapping, 150–152
Adolescent idiopathic scoliosis, 272
Adolescent kyphosis, 274
Adolescent round back, 273
Adult respiratory distress syndrome 

(ARDS), 37
Advanced trauma life support (ATLS), 5

principles of, 232
Air splints, 125, 129
Allen–Ferguson description of injuries, 

241, 241f
Allopurinol, 82
2010 American College of Rheumatology/

European League, 72t
American Spinal Injury Association (ASIA) 

classification, 254–255
Aminoglycoside, 22

Ampicillin, 59t
Amputation

hand injury, 366
wrist injury, 361

Amyloidosis, 84
Analgesics, 160–161
Anatomic concerns, 256–257
Anatomic reduction, 418
Ancef, 198t
Anectine, 205
Ankle arm index (AAI), 15
Ankle brachial index (ABI), 15
Ankle fracture, 491–496
Ankle injuries, 486–498, 513–525. See also 

Foot injuries
Achilles tendinopathy, 513–514
Achilles tendon rupture, 497–498
ankle fracture, 491–496
ankle sprain, 486–491
injection site, 533–534
joint motion measurement, 551f
Ottawa ankle rules, 486, 488t
pilon fracture, 496–497

Ankle instability, 488
Ankle joint, 534f
Ankle sprain, 486–491
Ankle syndesmosis sprain, 486
Ankylosing spondylitis, 76, 77t, 85
Antegrade interlocking nailing, 433
Anterior compartment syndrome of leg,  

41f
Anterior cord syndrome, 255
Anterior cruciate ligament (ACL)  

injuries, 459
Anterior knee pain syndrome, 100
Anterior talofibular ligament (ATFL),  

486
Anterior tibial syndrome, 40
Antibiotics, 58–62t, 160, 197, 198t
Antimalarial drugs, 84
Anvils, 218
Apert syndrome, 372
Apprehension sign, 448–449
Arava, 79
Arcade of Froshe, 377
ARDS (adult respiratory distress syndrome),  

37
Arterial pressure index (API), 15
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Bandaging, 151. See also Cast and bandaging 
techniques

Bankart lesions, 295
Barlow test, 103
Barton fracture, 338f, 339
Baseline blood replacement requirements, 7
Baumann angle, 317
Bending irons, 218, 219f
Bending press, 218, 219f
Bent drill bit, 210
Betamethasone, 83
Bias-cut, 132
Biconcavity, 305
Bicortical grafts, 225
Bilateral short-leg spica, 141
Bimalleolar axis, 91
Bimanual pelvic examination, 12
Biologic Disease Modifying Anti-Rheumatic 

Drugs (DMARDs), 79–80
Bivalving casts, 149
Bladder catheterization, 163
Blood chemistry changes, 384
Bloodborne pathogens, 201
Blount disease, 94
Blunt vertebral artery injury, 257
Board splints, 130f
Body casts, 138–141
Body jacket, 138f
Bohler bow, 179f
Bone and joint infections. 

See Musculoskeletal infections, acute
Bone cutting instruments, 208–209
Bone file, 210
Bone graft material, 224–225
Bone infection, 63
Bone-muscle origin interface failure, 377, 

378f
Bone saws/files, 209–210
Bone scan, 268, 521
Bone screw

biomechanics, 210–213
cancellous, 212
cannulated cancellous, 212
cortical, 212, 212f

Bone tumors involving spine, 116
Bony Bankart, 295
Bony mallet fracture, 364, 364f
Boutonniere deformity, 356
Bowed legs, 93–95
Bowel problems, 164
Bowen wire tightener, 221, 222f
Box suture, 226f
Boxer’s fracture, 364, 366f

Arthritis. See also Joint conditions, acute 
nontraumatic

glenohumeral joint, 305–306
gonorrheal, 71t
infections, 74t
JRA. See Juvenile rheumatoid arthritis (JRA)
Lyme, 56–57
psoriatic, 71t, 76, 77
Reiter syndrome, 76
rheumatoid. See Rheumatoid arthritis
septic. See Septic arthritis
wrist/hand, 380

Arthrodesis, 81
Aspiration and injection techniques, 

527–534
ankle joint, 533–534
elbow joint, 529
general guidelines, 527
hip joint, 530–532
knee joint, 532–533
shoulder joint, 527–529
wrist joint, 529–530, 530f

Aspirin
rheumatic fever, 85
rheumatoid arthritis, 78
thromboembolism, 162

Assessment. See Evaluating the trauma patient
Association of Osteosynthesis (AO) 

classification system, 250, 492, 493f
Athetoid type, 373
Atlas fractures, 237–238
Authors treatment recommendations and 

protocols
acetabular fractures, 413
hip dislocations, 413
pelvic ring fractures, 398

Autologous chondrocyte transplantation, 82
Autosomal dominant metabolic disease, 204
Avascular necrosis (AVN), 19, 107, 382–

383, 421–422
roentgenographic signs, 422–423

Aviator’s astragalus, 501
Avulsion fracture, 509

of vertebral ring apophysis, 115
Axonotmesis, 31
Azathioprine, 79

B
Back drape, 563f
Back pain, 113–118, 262–271
Backboard, 123, 124f
Balanced skeletal traction, 432
Bamboo spine, 76
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upper extremity, 137–138
Cast-cutting electric saw, 133
Catterall classification system, 106
Cauda equina syndrome, 255
Cefazolin, 58t, 198t
Ceftazidime, 59t
Ceftriaxone, 59t
Central cord syndrome, 255
Cephalomedullary devices, 425
Cephalosporins, 22, 58t, 61t
Cephazolin, 160
Cerclage, 221–222
Cerebral palsy, 118–120, 373–374
Cervical spine traction, 182–186
Cervicothoracic junctional injuries, 246–248
Cervicotrochanteric fractures, 422
Charnley traction unit, 190, 192f
Chilblain, 32
Childhood foot conditions, 95–99
Childhood hip disorders, 103–109
Childhood knee disorders, 99–102
Children. See Pediatric orthopaedic 

conditions
Chip fractures, 453
Chisels, 208–209
Chlorhexidine gluconate, 202
Chondrocalcinosis, 73
Chondrolysis, 107
Chondromalacia patella (CMP), 100, 465
Chondrosarcoma, 385
Chronic osteomyelitis, 64
Chronic patella instability, 101
Chronic persisting backache, 266
Chronic regional pain syndrome (CRPS), 47
Circular cast, 135
Clavicle fractures, 277–282
Claw toe, 516, 524
Clearance of spine in trauma patients, 

234–235
Clindamycin, 58t, 64, 160
Clinical viscosity test, 75n
Closed antegrade interlocking nailing, 475f
Closed chain exercises, 463–464
Closed tibial shaft fractures, 480–481
Cloth masks, 202
Club foot, 95–96
Club hand, 371
Cobb method, 273, 274
Colace, 164
Colchicine, 82, 83
Colles, Abraham, 337
Collins hitch, 128f
Columnar theory of Holdsworth, 241

Brace treatment, 117
Brachial plexus, 31, 372–373
Brachial plexus injuries, 373
Brief review. See HCMC recommendations 

and protocols
Brown-Sequard syndrome, 255
Buddy taping, 511
Bunions, 98–99, 523–524
Bursitis, 74t
Bursitis/tendinopathy/impingement, 

303–304
Buttonhole effect, 403

C
C-reactive protein (CRP), 54, 56, 57
Calcaneal fat pad trauma, 515–516
Calcaneonavicular coalition, 98
Calcaneus fractures, 503–507
Calcific tendinitis, 304
Calcific tendonitis, 74t
Calf hypertension, 40
Captain of the ship, 6
Carpal tunnel syndrome (CTS), 341, 

374–376
Carpometacarpal (CMC), 380–382
Cast

benders, 133
brace, 148
cutters, 133
dryers, 133
knives, 133
padding, 132
spreaders, 133

Cast and bandaging techniques, 131–153
adhesive strapping, 150–152
bandaging, 151
basic principles, 134–137
below-the-knee total contact, 146–147, 147f
bivalving casts, 149
body casts, 138–141
cutting casts, 149
Dehne/Sarmiento casting techniques, 

146–148
equipment, 133
joint mobilization, 152–153
knee cast-brace, 148
knee cylinder casts, 143–144
long-leg cast, 145–146
lower extremity, 138
materials, 131–133
short-leg cast, 145
spica, 141–143
splitting casts, 149
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Congenital vertical talus (CVT), 96–97
Continuous passive motion (CPM), 406
Contouring internal fixation plates, 218, 

219f
Conus medullaris syndrome, 255
Corticosteroids, 80–81, 84
Coxa vara, 94, 422
Cranial trauma, 11
Craniocervical junction, 235–237
Cruciate ligament avulsions, 461
Crutchfield’s rule of 5lb/level, 184
Crystal-induced arthritis, 73, 74t, 82–83
CT scan. See also Roentgenograms

knee injury, 452
low back pain, 268
pelvic fracture, 396
posterior tibialis tendon (PTT) rupture, 

519
spine trauma, acute management of, 233

Cubital tunnel syndrome, 376
Cutaneous distribution of peripheral  

nerves, 559f
Cutting casts, 149

D
D-Penicillamine, 84
Damage-control methods, 38
Danis-Weber classification system, 492, 493f
Dantrolene, 205
de Quervain’s tenosynovitis, 379–380
Debridement, 81
Deep vein thrombosis (DVT), 47–48
Deformities of the spine, 271–274
Degenerative joint disease, 68t, 78t
Degenerative spondylolisthesis, 268
Dehne/Sarmiento casting techniques, 

146–148
Dermatomes, 557f, 558f
Dermatomyositis, 70t
Developmental dysplasia of the hip (DDH), 

103–104
Deyerle technique, 419
Diagnostic imaging. See CT scan; 

Magnetic resonance imaging (MRI); 
Roentgenograms; Radiographs

Diamond-shaped point, 180
Diaphyseal fracture, 510

of radius and ulna, 334–336
Digitalis, 85
Dilaudid, 161
Disability exam, 10
Disc degeneration, 265
Disc herniation, 266

Common digital nerve neuroma, 517
Compartment syndrome, 17, 40–46, 341

clinical approach, 42–46
defined, 40
diagnostic factors, 44t
etiologies, 42
increased tissue pressure, 42, 44–46
locations, 40–42
other terms for, 40
tibial shaft fracture, 481
wrist and hand, 368

Complex regional pain syndrome, 482
Complications, 37–49

ankle fractures, 496
calcaneus fractures, 507
clavicle fractures, 281
compartment syndrome, 40–46. See also 

Compartment syndrome
CRPS, 47
distal radius fracture, 341
elbow dislocation, 330
extraarticular proximal tibial fracture, 477
femoral diaphyseal fracture, 434
fractures of tibial plateau, 476
humeral shaft fractures, 320
intertrochanteric fracture, 428–430
lateral condyle fractures, 321
Lisfranc injuries, 508
malignant hyperthermia, 205
medial epicondyle fractures, 322
metatarsal fractures, 510
myositis ossificans, 48–49
nerve compression syndromes, 39–40
patella dislocations, 456
pelvic fracture, 397
pilon fractures, 497
proximal humerus fractures, 313–314
RSD, 47
SIRS, 37–38
sternoclavicular injuries, 291
subtrochanteric fracture, 432
supracondylar fractures, 320–321
talar neck fractures, 502
tibial shaft fracture, 481–483
tourniquet, 201
traction, 194
venous thromboembolism, 47–48

Compression-extension injuries, 245, 
246, 247f

Compression stress fracture, 416
Compressive flexion, 244–245
Computed axial tomography, 27–28
Concentric/eccentric muscle strength, 464
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elbow dislocation, 326–330, 343
epiphyseal fracture of proximal radius, 

331–332
fracture of olecranon, 331
Galeazzi fracture/dislocation, 336–337
HCMC treatment recommendations, 

343–344
injection site, 529
isolated ulna fracture, 337
joint motion measurement, 535f, 536f
Monteggia fracture-dislocation, 333–334
olecranon fractures, 343
radial head fracture, 332–333, 343
rupture of distal biceps brachii, 326
Smith fracture, 338–339, 338f

Elbow dislocation, 326–330, 343
Elbow joint, 529f
Electromyography (EMG) and nerve 

conduction studies, 568–571
Elevators, 206–208
Emergencies, 12–20
Emergency splints, 123–130

backboard, 123, 124f
lower extremity splinting, 125–130
make-do splints, 129
precautions, 129
upper extremity splinting, 123–125

Enbrel, 79
Enchondromas, 385
Epicondylitis, 377
Epiphyseal fracture of proximal radius, 

331–332
Epiphyseal plate fracture, 26
Epiphyseal separation, distal radial, 342
Erb disease, 372
Erythrocyte sedimentation rate (ESR), 54, 

56, 57
Esmarch bandage, 200
Essex-Lopresti classification, 504
Etanercept, 79
Evaluating the trauma patient, 6–12

history, 9
physical examination, 9–12
primary survey, 7
secondary survey, 9–12
trauma imaging, 8

Eversion, foot, 552f, 553f
Everting suture, 226, 227f
Ewing sarcoma, 384
Exercise ischemia, 40
Exercise myopathy, 40
Extension

ankle, 551f

Discharge summary, 158
Discitis, 115

acute, 55
Discoid meniscus, 101
Displaced femoral neck fractures, 418–419
Displaced fractures, 505
Displaced intraarticular/supracondylar 

fractures, 436
Displaced surgical neck fractures, 312–313
Displaced tuberosity fracture, greater/ 

lesser, 313
Displaced unicondylar fractures, 436
Distal femur physeal injury, 461
Distal motor latencies, 571
Distal radioulnar joint (DRUJ), 337, 

352–353
Distal radius fractures, 337–341, 361
Distraction, 194
Distraction extension injuries, 245
Distraction flexion injuries, 241, 242f
Diuretics, 85
Docusate sodium, 164
Donati skin suture, 228–229, 228f
Dorsal splint, 137
Dorsal triquetral avulsion fractures, 360
Dorsiflexion

ankle, 551f
forepart of foot, 553f
wrist, 536f

Dow Corning medical adhesive, 133
Draping techniques. See Surgical draping 

techniques
Drill bits, 210–212
Drill guide, 210–211
Dumbbells, 164
Dunlop traction, 187
Durkin compression test, 374
Dynamic compression plate (DCP), 214

with lag screw, 216f
Dynamic fluoroscopy

spine trauma, acute management of, 234
Dysplastic spondylolisthesis, 268

E
Eccentric/concentric muscle strengthening, 464
Elbow, 370
Elbow and forearm injuries, 326–344

Barton fracture, 338f, 339
diaphyseal fracture of radius and ulna, 

334–336
distal radial epiphyseal separation, 342
distal radial/ulnar fractures, 341–342, 344
distal radius fracture, 337–341
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Fiberglass cast, 131–132
Fiberglass-free masks, 202
Fight bites, 367–368
Finger spread, 540f
Fingers, 355–360. See also Wrist and hand
Finkelstein test, 380
First-degree sprain, 30
First-degree strain, 29
Fixed-angle device, 424, 432
Fixed halo skull traction, 184–186
Fixed skeletal traction, 192, 194f
Flat feet, 97–98
Flexible flat feet, 97–98
Flexion

ankle, 551f
cervical spine, 546f
elbow, 535f
fingers, 539f
hip, 547f
knee, 551f
palmar, 536f
shoulder, 541f
thumb, 537f
wrist, 536f

Flexor tendon lacerations, 362–363
Flexor tendon sheath, 360
Floating shoulder, 280–281
Flow sheets, 158
Fluothane, 205
Focal fibrocartilaginous dysplasia, 94
Foot disorders, 95–99
Foot injuries. See also Ankle injuries

bunions, 523–524
calcaneal fat pad trauma, 515–516
calcaneus fractures, 503–507
claw toe, 516, 524
navicular, cuneiform, and cuboid bones, 

fractures of, 507
hallux rigidus, 522–523
hammer toe, 524–525
joint motion measurement, 552f, 553f
Lisfranc injuries, 508
metatarsal fractures, 508–510
metatarsalgia, 516–517
nerve entrapment syndromes, 516–517
plantar fasciitis, 514
plantar heel pain, 514–517
posterior tibialis tendon (PTT) rupture, 517
sesamoid fractures, 511
stress fracture, 520–522
subtalar dislocation, 502–503
talus fractures, 501–502
tarsal tunnel syndrome, 516

cervical spine, 546f
fingers, 540f
hip, 548f
shoulder, 541f
thoracic and lumbar spine, 545f
wrist, 536f

Extensor lag, 447
Extensor mechanism, 460–461

disruptions, 460–461
instability, 447

Extensor pollicis longus rupture, 341
Extensor tendon lacerations, 363
External bleeding, 7
External skeletal fixation, 223–224
Extraarticular proximal tibial fractures, 436, 

476–477, 478t
Extremity arterial injury, 14
Extremity drape, 203, 564–565f

F
Failed primary fixation, 421
Familial hypophosphatemic rickets, 94
FANA, 75
Fascioscapulohumeral muscular dystrophy, 

308
Fasciotomy, 46
Fat embolism syndrome (FES), 37
Felon, 362, 362f
Felt, 132
Femoral anteversion, 93
Femoral diaphyseal fracture, 433–434
Femoral fractures, 416–439

displaced femoral neck fractures, 418–419
distal femur fractures, 439
femoral diaphyseal fracture, 433–434
femoral head fracture, 408–410, 411
femoral neck fracture, 19, 416–423, 437
femoral shaft fractures, 438
greater trochanteric fractures, 430
HCMC treatment recommendations, 

437–439
impacted femoral neck fractures,  

417–418
intertrochanteric fracture, 423–430, 432
intertrochanteric hip fracture, 437
intracondylar fracture, 435–437
isolated avulsion fractures of lesser 

trochanter, 430
stress fractures, 417
subtrochanteric femur fractures, 438
subtrochanteric fractures, 430–432
supracondylar fracture, 435–437
unicondylar fracture, 435–437
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Gustilo and Anderson classification of open 
fractures, 20t

Guyon canal, 375f

H
Haglund deformity, 513
Hallux rigidus, 522–523
Hallux valgus, 98–99, 523–524
Halo ring, 184, 185f, 249f
Halo traction, 140
Hamilton-Russell traction, 189, 190f
Hand. See Wrist and hand
Hand cutters, 133
Hand dressing, 367f
Hand press, 218, 219f
Hangman fracture, 240, 240f
Hard signs of arterial injury, 14
Hare splints, 126
Hawkins classification of talar neck fractures, 

501, 502f
HCMC recommendations and protocols

distal femur fractures, 439
distal humerus fractures, 324
distal radius fractures, 344
elbow and forearm injuries, 343–344
elbow dislocations, 343
femoral fractures, 437–439
femoral head fractures, 411
femoral neck fractures, 437
femoral shaft fractures, 438
forearm shaft fractures, 344
humeral fractures, 323–324
humeral shaft fractures, 323
intertrochanteric hip fractures, 437
olecranon fractures, 343
proximal humerus fractures, 323
radial head fractures, 343
subtrochanteric femur fractures, 438
tib-fib fractures, 483
tibial plateau fractures, 483

Heel pain, 514–517
Height and weight tables, 561–562t
Hematogenous osteomyelitis, 53–54, 55
Hematoma, 32
Hemiarthroplasty of the hip, 306, 420
Hemolytic disorders, 56
Hemorrhage control, 395
Hemothorax, 11
Heparin, 163
Hepatitis B virus (HBV) immunization, 201
Herniated intervertebral disc, 115
Herring classification system, 106
Heterotopic ossification, 320–321, 330

Foot injuries (contd.)
toe fractures, 510–511
turf toe, 522

Foot progression angle, 92f
Forearm, 370
Forearm casts, 137
Forearm injuries. See Elbow and forearm 

injuries
Forefoot adductus, 92f, 93
Forefoot surgery, 81
Fracture

of clavicle, 277–282
and dislocations of the foot, 501–511
femur, 416–439. See also Femoral fractures
humerus, 311–324. See also Humeral 

fractures
olecranon, 331
pelvis, 389–398. See also Pelvic fractures
stability, 235
stress fractures, 28–29, 417, 520–522
tibia, 471–483. See also Tibial fractures

Frostbite, 32–33
Frostnip, 32
Frozen shoulder, 306–307
Functional short leg syndrome, 514

G
Galeazzi fracture, 103, 336–337
Game-keeper’s thumb, 357, 359f
Gangrene, 64
Gardner-Wells skull traction tongs, 183, 

184f, 249f
Gas gangrene, 64
Gentamicin, 59t, 61t
Genu valgum, 93
Genu varum, 93
Gigli saw, 209–210
Glacial instability, 235
Glasgow coma score, 10
Glenohumeral disorders, 305–307
Glenohumeral joint, 293, 527–529
Gold, 79, 84
Goldwaite iron, 139, 139f
Gonorrheal arthritis, 71t
Gouges, 209
Gouty arthritis, 73, 74t, 82–83
Grading muscle strength, 556
Greater trochanteric fractures, 430
Grip strength, 351
Group A streptococcal myonecrosis, 64
Growth plate injuries, 25–26
Gunshot wounds, 23

to spine, 257–258
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Iliotibial band (ITB)
syndrome, 464–465
tendinosis, 464–465

Imaging techniques. See CT scan; 
Magnetic resonance imaging (MRI); 
Roentgenograms; Radiographs

Impending ischemic contracture, 40
Impingement syndrome, 302
Increased femoral anteversion, 93
Indomethacin, 83
Infection of bone, acute (hematogenous 

osteomyelitis), 53–54
Infections. See Musculoskeletal infections, 

acute
Infectious arthritis, 74t
Inferior dislocation, 299
Inflammatory bowel disease, 77t
Inflammatory polyarthritis, 71–72t, 83–84
Inflammatory spondyloarthropathy, 76, 

77t, 85
Infusion technique (tissue pressure 

measurement), 45f
Injection injury, 367
Injection technique (tissue pressure 

measurement), 46f
Injections, 527–534. See also Aspiration and 

injection techniques
Inpatients. See Orthopaedic unit care
Intercondylar distance, 94
Intercondylar fractures, 320–321
Interlocking nail, 223
Intermalleolar distance, 94
Internal fixation plates, 218, 219f
Internal tibial torsion, 93
Interns. See Students/interns
Intertrochanteric hip fractures, 423–430, 

432, 437
Intoeing, 91
Intraarticular distal clavicle fractures, 280
Intracondylar femur fracture, 435–437
Intradermal (subcuticular) suture, 226, 227f
Intramedullary nailing, 222–223
Inversion, foot, 552f, 553f
Isolated avulsion fractures of lesser 

trochanter, 430
Isolated meniscus tear, 457
Isolated ulna fracture, 337
Isometric exercises, 406
Isthmic spondylolisthesis, 268

J
Jersey finger, 362
Joint arthrodesis, 82

Hibiclens, 202
High ankle sprain, 486
High-velocity weapons, 23
Hill-Sachs lesion, 296
Hip

aspiration/injection, 530–532
dislocation, 401–408, 413
disorders, 103–109
external (lateral) rotation, 91, 92f
hemiarthroplasty of, 306, 420
internal (medial) rotation, 91, 92f
replacement, 420
total hip arthroplasty, 411, 420
traumatic dislocation, 412

History, 9
Hole drilling, 210
Hooded surgical exhaust systems, 204
Hook-Plate, 290
Hospital care. See Orthopaedic unit care
Humeral capitellum, 382
Humeral epiphyseal slips, distal, 320
Humeral fractures

distal humerus fractures, 324
HCMC treatment recommendations, 

323–324
humeral shaft fractures, 323
intercondylar fractures, 320–321
lateral condyle fractures, 321
medial epicondyle fractures, 321–322
proximal humerus fractures, 323

Humeral head, position of, 298f
Humerus fractures, 311–324

diaphyseal fractures, 315–316
humeral shaft fractures, 315–316
proximal humeral epiphyseal separation, 314
proximal humerus fractures, 311–314
supracondylar fractures, 320–321

Hydraulic principle, 146
Hydrocortisone, 83
Hydroxychloroquine, 79, 83, 84
Hydroxyzine, 161
Hyperextension

elbow, 535f
fingers, 540f
knee, 551f

Hyperthermia, 204–205
Hypnotics, 161
Hypothermia, 33
Hyromorphone, 161

I
Idiopathic adolescent scoliosis, 116–117
Idiopathic claw toe deformities, 516
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Knee dislocation, 460
Knee disorders, 99–102
Knee immobilizer, 452
Knee injuries, 444–468

ACL injuries, 459
adolescents, 461
chondromalacia patella, 465
diagnostic tests, 450–452
differential diagnosis, 445–446
extensor mechanism disruptions, 460–461
history, 444–446
immobilization/crutches, 452
injection site, 532–533
ITB syndrome, 464–465
knee dislocation, 460
ligament avulsion, 461
ligamentous injury, 458–460
locked knee, 446
MCL injuries, 458–460
meniscus injury, 446, 456–458
Osgood-Schlatter disease, 467–468
osteochondritis dissecans, 467
overuse injury, 444, 467–468
patella fractures, 453–454
patella tendonosis, 464
patellofemoral dislocations, 454–456
patellofemoral pain syndrome, 465–466
PCL tear, 458–460
pes anserinus bursitis, 466
physeal injuries, 461
physical exam, 446–450
range of motion, 446–447
rehabilitation, 463
stability testing, 447–450
treatment, 452–453

Knee joint swelling, 445
Kneecap malalignment, 465
Knock knees, 93–95
Knot strength, 222
Kocher-Langenbach posterolateral  

approach, 411
Kyphosis, 117, 273–274

L
Lace-up canvas ankle supports, 129
Lachman exam, 447, 448f
Lag screw, 214

fixation, 212
Lag sign, 449
Laminar air flow systems, 203–204
Lateral bend

cervical spine, 546f
thoracic and lumbar spine, 545f

Joint aspiration, 111
Joint conditions, acute nontraumatic

differential diagnosis, 69–77, 71–72t
examination, 67, 68t
history, 67, 68t
JRA. See Juvenile rheumatoid arthritis 

(JRA)
laboratory data, 67, 68t, 69
roentgenographic findings, 67, 68t
synovial fluid analysis, 69t
treatment, 77–85

Joint-depression calcaneal fracture,  
504, 507f

Joint infections. See Musculoskeletal 
infections, acute

Joint mobilization, 152–153
Joint motion measurement, 535–555

ankle, 551f
cervical spine, 546f
elbow, 535f
fingers, 539f, 540f
foot, 552f, 553f
forearm, 536f
hip, 547f, 548f, 549f, 550f
normal range of motion, 554–555t
shoulder, 541f, 542f
spinal flexion, 543–544f
spine, 545f, 546f
steel tape measuring method, 544f
thoracic and lumbar spine, 545f
thumb, 537f, 538f
wrist, 536f

Joint replacement, 81
Joint resurfacing or replacement, 82
Jones compression splint, 127
Jones fractures, 509–510
Juvenile osteochondral lesions, 467
Juvenile rheumatoid arthritis (JRA), 74t

examination, 75
history, 84
laboratory tests, 75
treatment, 84

K
Kefzol, 198t
Kienböck disease, 382–383
Kinking, 221
Kirschner bow, 178
Kirschner wire, 178, 216
Kirschner wire traction bows, 221
Klumpke paralysis, 372
Knee cast-brace, 148
Knee cylinder casts, 143–144



5 8 2   I N D E X

bone tumors, 384
knee injuries, 450–452
limping child, 89
low back pain, 268
osteomyelitis, 109
posterior tibialis tendon (PTT) rupture, 

519
rotator cuff disorders, 303
spine trauma, acute management of, 234
stiff spine, 258
stress fracture, 28, 521
tibial plateau fractures, 471

Maissonneuve fracture, 489
Make-do splints, 129
Malignant hyperthermia, 204–205
Malleolar fragments, 495
Mallet, 209
Mallet finger, 380
Mangled extremity, 17–18
Masks, 202
Mason classification, 332
MAST trousers, 395
Master sling, 193
McElvenny’s technique, 419
McMurray test, 457
Measuring joint motion, 535–555. See also 

Joint motion measurement
Mechanical low-back pain, 114
Mechanical stabilization, 256
Medial collateral ligament (MCL) injuries, 

458–460
Medial epicondyle fractures, 321–322
Medial patellofemoral ligament (MPFL), 445
Medial tibial syndrome, 40
Medical students. See Students/interns
Medicated bandage, 151–152
Melanoma, 385
Meniscus injury, 446, 456–458
Mental status, 10
Metacarpalphalangeal joint (MCPJ), 355
Metaphyseal/diaphyseal extension fractures, 

474–476
Metatarsal fractures, 508–510
Metatarsalgia, 516–517
Metatarsophalangeal joint capsulitis, 517
Metatarsus adductus, 92f, 93
Metatarsus primus varus, 98
Methotrexate, 79, 84
Methylprednisolone, 83
Metronidazole, 64
Metzenbaum dissecting scissors, 206
Meyerding grading system, 268
Midfoot fasciitis, 515

Lateral condyle fractures, 321
Lateral epicondylitis, 377
Lateral hip drape, 567f
Lateral patella dislocation, 446
Lateral plantar nerve, 516
Lateral skeletal traction, 187–188, 188f
Lauge-Hansen classification of ankle 

fractures, 492f
Leflunomide, 79
Leg and ankle braces, 129
Leg casts, 137
Leg length discrepancy, 514
Legg-Calvé-Perthes disease, 104–106
Level of consciousness, 10
Ligamentous injury, 30–31
Limping child, 87–89
Lipoma, 385
Lippert, FG, III, 205
Lisfranc injuries, 508
Lisfranc joint injury, 508
Local ischemia, 40
Locked knee, 446
Long bone, 27
Long head of biceps tendinitis, 304
Long-leg casts, 145–146
Long-leg hip spica, 141–142, 144f
Long-leg total contact cast, 146
Long-leg walking cast, 146
Long-leg weight-bearing cast, 148
Long-term ankle instability, 488
Lordosis, 118
Loss of motion, 321
Low back pain, 262–271
Low-contact dynamic compression plate 

(LCDCP), 214
Low lumbar injuries, 252
Low-molecular-weight dextran, 163
Low-molecular-weight heparin, 163
Low velocity gunshot, 23
Lower extremity alignment conditions, 

91–93
Lower extremity splinting, 125–130
Lower extremity traction, 189–194
Lumbar-Scheuermann disease, 115, 274
Lumbar spinal stenosis, 270
Lumbosacral junction injuries, 252
Lunate, 382
Luxatio erectae, 299, 300f
Lyme arthritis, 56–57, 112–113

M
Madelung deformity, 372
Magnetic resonance imaging (MRI)
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Myotonia congenital, 568, 569f
Myotonia dystrophica, 568, 569f

N
Nafcillin, 58t, 61t
Nail plate and pulp, 362
Narrative notes, 158
Nascent (just born) motor unit activity,  

568, 569f
Near-far/far-near suture, 226, 228, 228f
Neck halter traction, 182–183
Necrotizing fasciitis, 64
Needle holder, 206
Neer one-part fractures, 311, 312f
Nerve compression syndromes, 39–40
Nerve conduction studies and 

electromyography, 568–571
Nerve injuries, 31
Neurapraxia, 31
Neurogenic back pain, 264
Neurogenic shock, 257
Neurologic injury, 296
Neurologic mental status, 10
Neurology of lower extremities, 267, 267t
Neuromuscular disorders, 118–120
Neurotmesis, 31
Neurovascular exam, 18
Neutralization plates, 213
Nightstick fracture, 337
Nonbiologic Disease Modifying  

Anti-Rheumatic Drugs (DMARDs), 79
Nonsteroidal antiinflammatory drugs 

(NSAIDs), 84
aspirin. See Aspirin
cubital tunnel syndrome, 376
hallux rigidus, 523
inflammatory spondyloarthropathy, 85
Legg-Calvé-Perthes disease, 106
low back pain, 270
orthopaedic unit care, 160
PIN syndrome, 377
rheumatoid arthritis, 77–78

Nontraumatic joint conditions. See Joint 
conditions, acute nontraumatic

Nonunion, 421, 434, 496
Normal range of motion, 554–555t
NSAIDs. See Nonsteroidal antiinflammatory 

drugs

O
Occipital condyle fractures, 237
Occipitocervical junction, 235–236

Milwaukee brace, 274
Minerva body jacket, 139–140, 140f
Missed injury rate, 5
Mixed connective tissue disease, 70t
Moberg procedure, 523
Modified Dunlop skin traction, 186–187
Modified Jones compression splint, 127–129
Moleskin adhesive, 132
Monteggia fracture-dislocation, 333–334
Morel-Lavalle lesion, 394
Morphine, 161
Morton neuroma, 517
Motor, 570–571
MRI. See Magnetic resonance imaging 

(MRI)
Mucin clot, 75n
Multidirectional instability (MDI), 299
Multiligamentous knee injuries, 459–460
Multiple screw fixation, 419–420, 421
Muscle strength grading, 556
Musculoskeletal examination

general approach, 1
history, 1–2
physical examination, 2–3
review of, 2

Musculoskeletal infections, acute, 52–65
adjunctive treatment, 63
antibiotic treatment, 58–62t
bacterial considerations, 55
chronic osteomyelitis, 64
diagnosis, 54
differential diagnosis, 54–55
gas gangrene, 64
hemolytic disorders, 56
Lyme arthritis, 56–57
prevention, 52–53
puncture wound, 56
special considerations, 55–56
summary, 65
surgical intervention, 63

Musculoskeletal trauma
assessment, 9–12
defined, 5
emergencies, 12–20
epidemiology, 4
urgencies, 20–25

Myelogram, 267–268
Myopathic activity, 568, 569f
Myositis ossificans, 48–49

circumscripta, 48
paralytica, 48
progressiva, 48
traumatica, 48–49
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Orthopaedic trauma. See Musculoskeletal 
trauma

Orthopaedic urgencies, 20–25
Orthotic management, 247–248
Ortolani maneuver, 103
Osgood-Schlatter disease, 101, 467–468
Osteoarthritis, 73, 81–82
Osteochondral fracture, 451f, 454
Osteochondritis dissecans (OCD), 102, 467
Osteogenesis imperfecta, 268
Osteolysis, 307
Osteomyelitis, 55, 61t, 64, 90, 109–110
Osteonecrosis, 314
Osteoporosis, 235
Osteoporotic spine, 258
Osteosarcoma, 385
Osteotome, 208, 209
Osteotomy, 82
Ottawa ankle rules, 486, 488t
Overbody traction, 187–188, 188f
Overview of treatment recommendations. 

See HCMC recommendations and 
protocols

P
Palindromic rheumatism, 74t
Palmar flexion (wrist), 536f
Panner disease, 382–383
Parascapular muscles, 293
Passive muscle stretch, 44
Patella, 453

dislocation, acute, 100–101
fractures, 453–454
lateral dislocation, 446
tendon-bearing cast, 146
tendon disruptions, 460
tendonosis, 464

Patella tendon disruptions, 460
Patellofemoral dislocations, 454–456
Patellofemoral pain syndrome, 100,  

465–466
Pathologic spondylolisthesis, 268
Pavlik harness, 103
Pearson attachment, 191
Pediatric orthopaedic conditions, 87–120

back pain, 113–118
bowed legs, 93–95
bunions, 98–99
child who refuses to walk/bear weight, 

89–91
club foot, 95–96
congenital vertical talus (CVT), 96–97
diaphyseal femur fractures, 434–435

Occult infection, 83
Odontoid fracture, 239–240
Olecranon, 343, 369
Olecranon pin traction, 188f
One doctor, one manipulation, 25
Open fractures, 20–23
Open joint injuries, 23–24
Open reduction and internal fixation 

(ORIF), 501
Open tibial shaft fractures, 481
Operating room, 196–229. See also 

Orthopaedic unit care
antibiotics, 160, 197, 198t
bloodborne pathogens, 201
bone cutting instruments, 208–209
bone graft material, 224–225
bone saws/files, 209–210
bone screw biomechanics, 210–213
cerclage, 221–222
day of surgery, 197
external skeletal fixation, 223–224
hyperthermia, 204–205
infection control, 202–204
intramedullary nailing, 222–223
plating, 213–221
scheduling surgery, 196
skin suture, 225–229
surgical exposure instruments,  

206–208
surgical prep, 159, 196–205
tourniquet, 199–201

Opposition (thumb), 538f
Orencia, 80
ORIF. See Open reduction and internal 

fixation (ORIF)
Orthopaedic emergencies, 12–20
Orthopaedic unit care, 155–174. See also 

Operating room
activities/physical therapy, 164
analgesics, 160–161
antibiotics, 160, 197, 198t
bowel problems, 164
hypnotics, 161
postoperative orders, 165–166
preoperative orders, 164–165
rounds, 155–156, 172–173
sedatives, 161
skin, 164
students/interns. See Students/interns
surgical prep, 159, 196–205
thromboembolism, 162–163
urinary retention, 163–164
workup routines, 156–158
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Plantar fasciitis, 514
Plantar flexion

ankle, 551f
forepart of foot, 553f

Plantar heel pain, 514–517
Plaquenil, 79
Plaster splints, 131, 137
Plate benders, 218, 219f
Plate contouring, 220f
Plating, 213–221
Pneumatic tourniquets, 199–201
Pneumothorax, 11
Point contact plate (PCP), 214
Polyarteritis nodosa, 70t
Polydactyly, 372
Polyethylene jacket, 142f
Polymyalgia rheumatic, 71t
Polymyositis, 70t
Popeye sign, 301
Postaxial duplication, 372
Posterior compartment syndrome of leg, 42f
Posterior cord syndrome, 255
Posterior cruciate ligament (PCL) tear, 

458–460
Posterior drawer test, 447
Posterior interosseous (PIN) syndrome, 377
Posterior pelvic ring disruptions, 397
Posterior talofibular ligament (PTFL), 486
Posterior tibialis tendon (PTT), 517–520
Postoperative orders, 165–166
Postural kyphosis, 273
Preaxial duplication, 372
Prednisone, 83, 85
Preoperative orders, 164–165
Presenting at rounds, 172–173
Presiser disease, 382–383
Pressure sores, 164
Primary curve, 272
Primary survey, 7
Primum non nocere, 173
Probenecid, 83
Problem-oriented style of progress notes, 158
Progress notes, 157–158
Pronation

forearm, 536f
forepart of foot, 553f

Prone reduction, 294
Prosthetic replacement, 420–421
Protocols. See HCMC recommendations and 

protocols
Proximal hand, 355
Proximal humeral epiphyseal separation, 314
Proximal humerus fractures, 311–314, 323

Pediatric orthopaedic conditions (contd.)
distal radial/ulnar fractures, 341–342
femoral neck fracture, 423
flat feet, 97–98
foot disorders, 95–99
general principles, 25
growth plate injuries, 25–26
hip disorders, 103–109
infections and inflammatory conditions, 

109–113
intertrochanteric fractures, 423
intoeing, 91
knee disorders, 99–102
knock knees, 93–95
limping child, 87–89
lower extremity alignment conditions, 

91–93
neuromuscular disorders, 118–120
pitfalls, 26–27
spine-related disorders, 113–118

Pelvic fractures, 389–398
assessment/emergency management, 

392–394
authors treatment recommendations, 398
classification, 389–392
complications, 397
pelvic anatomy/stability, 389
pelvic hemorrhage control/temporary 

stabilization, 394–396
radiographs, 396
treatment, 396–397, 398

Pelvic ring disruptions, 389–398
Penicillin, 64, 85
Penicillin G, 58t
Percutaneous pinning in situ, 107
Percutaneous screws, 253
Perineal inspection, 12
Periosteal elevators, 206–208, 207f
Peripheral nerves, cutaneous distribution, 

559f
Peroneal nerve palsy, 39–40
Pes anserinus bursitis, 466
Pes planus, 97–98
Phalangeal fractures, 365
Phalen test, 374
Physeal injuries, 461
Physical examination, 9–12
Physiologic concerns, 257
Pillow splint, 130f
Pilon fracture, 496–497
Pin breakage, 194
Pinch strength, 349
Plain films, 384
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Referred pain, 102
Reflex sympathetic dystrophy (RSD), 47
Regions hospital and The University of 

Minnesota recommendations
clavicle fractures, 282

Regions Hospital Treatment 
Recommendations

AC injuries, 291
Reiter syndrome, 71t, 76, 77t
Respiratory problem, 52
Reston, 132
Retrocalcaneal bursitis, 513
Retrograde interlocking nailing, 433
Reverse Bankart lesion, 296
Reverse Hill-Sachs lesion, 296, 298
Reverse obliquity fracture, 425–426, 

427–429f
Reversed Colles fracture, 338–339, 338f
Review of treatment recommendations. See 

HCMC recommendations and protocols
Revision surgery, 482–483
Rhabdomyolysis, 40
Rheumatic fever, 70t, 76, 85
Rheumatoid arthritis, 70t, 379

diagnostic criteria, 69
JRA. See Juvenile rheumatoid arthritis 

(JRA)
roentgenographic findings, 68t
synovial fluid analysis, 69t
treatment, 77–81, 78t

Rib hump, 273
Rickets, 94
Rigid flat feet, 98
Ring osteophyte, 305
Risser classification, 273
Risser localizer cast, 140
Rituxan, 80
Rituximab, 80
Rocker walker, 145
Roentgenograms

joint conditions, 67, 68t
MDI, 299
posterior tibialis tendon (PTT) rupture, 

519
radial head/neck fractures, 332–333
rotator cuff tear, 299
shoulder dislocation, 297

Roller splints, 127
ROM. See Range of motion (ROM)
Rosenberg/PA view, 450
Rotation

cervical spine, 546f
hip, 92f, 550f

Proximal interphalangeal joint (PIPJ), 355
Proximal tibial fractures, 476–477, 478t
Pseudo locked knee, 446
Pseudogout, 71t, 73, 83
Pseudomyotonic potentials, 568, 569f
Pseudosubluxation, 27
Psoriatic arthritis, 71t, 76, 77, 85
Psoriatic spondylitis, 77t
Psychogenic back pain, 264
Puncture wound, 56

Q
Quadricep tendon disruption, 460

R
Radial agenesis, 371
Radial club hand, 371
Radial deviation, wrist, 536f
Radial head fracture, 332–333, 343
Radial nerve injury, 316
Radial/ulnar fractures, distal, 341–342, 344
Radiographic diagnosis, 27–28
Radiographs

clavicle fractures, 278
distal radial/ulnar fractures, 341
distal radius fracture, 338
elbow dislocation, 328
intercondylar fractures, 320
lateral condyle fractures, 321
medial epicondyle fractures, 322
pelvic fracture, 396
spine trauma, acute management of, 

232–233
Radiography. See CT scan; Magnetic 

resonance imaging (MRI); 
Roentgenograms; Radiographs

Radioisotopic bone scanning, 54
Range of motion (ROM), 554–555t. See also 

Joint motion measurement
ankle, 555t
elbow, 554t
forearm, 554t
forepart of foot, 555t
hip, 555t
knee, 555t
shoulder, 554t
wrist, 554t

Ratchet teeth, 206
Recommendations. See HCMC 

recommendations and protocols
Rectal examination, 11
Recurrent aggravating backache, 266
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Septic arthritis, 61t, 90, 110–112
bacterial considerations, 55
children, 111
differential diagnosis, 75–76
roentgenographic findings, 68t
synovial fluid analysis, 69t
treatment, 78t, 84–85

Serendipity, 285
Serrated biopsy needle, 54
Sesamoid fractures, 511
Shock syndromes associated with spinal cord 

injury, 257
Shockwave therapy, 515
Shoe covers, 133
Short-leg cast, 145
Short-leg spica, 141
Short-leg splint, 127–129
Short leg walkers, 129
Shortened Achilles tendon, 516
Shoulder dislocation, 293–299
Shoulder drape, 566f
Shoulder immobilizers, 125
Shoulder injuries, 293–301

AC joint disorders, 307
acute injuries, 293–301
anatomy, 293
differential diagnosis, 293
dislocation, 293–299
frozen shoulder, 306–307
glenohumeral disorders, 305–307
injection site, 527–529
joint motion measurement, 541f, 542f
MDI, 299
nonacute disorders, 302–309
rotator cuff disorders, 302–305
rupture of long head of biceps brachii, 

299–301
scapulothoracic disorders, 308–309
shoulder dislocation, 293–299
torn rotator cuff, 299, 304

Shoulder separation, 287
Shoulder spica, 142–143
Shoulder stiffness, 306–307
Sinding-Larsen-Johansson syndrome, 101
SIRS. See Systemic inflammatory response 

syndrome (SIRS)
Skeletal dysplasia, 94
Skeletal traction, 178–182

complications of, 194
Skin, 361–362

contamination, 202
incision of, 180–181
suture, 225–229

Rotation (contd.)
shoulder, 542f
spine, 546f

Rotator cuff disorders, 302–305
Rotator cuff muscles, 293
Rotator cuff tears, 299, 304
Rounds, 155–156, 172–173
Rubber rocker walker, 145
Rupture of distal biceps brachii, 326
Rupture of long head of biceps brachii, 

299–301

S
Sacral fractures, 252–253
Salter classification of epiphyseal  

separations, 26
Salter-Thompson classification system,  

106
Salter–Harris type 2 injury, 314
Sanders classification, 504
Saw-cutting technique, 149f
Scaphoid fractures, 360–361, 368, 382
Scapholunate ligament tears, 368
Scapular dyskinesia, 308
Scapular winging, 308–309
Scapulothoracic bursitis, 308
Scapulothoracic disorders, 308–309
SCFE. See Slipped capital femoral epiphysis 

(SCFE)
Schatzker’s classification system,  

472f
Scheduling surgery, 196
Scheuermann disease (adolescent kyphosis), 

117, 274
Schmorl nodes, 115, 117
Sciatic nerve injury, 407–408
Sciatic nerve neuropraxia, 40
SCIWORA. See Spinal cord injury without 

radiographic abnormality (SCIWORA)
Scleroderma, 70t
Scoliosis, 116–117, 271–273
“Scottie dog” sign, 268
Screws, 212–213
Second-degree sprain, 30
Second-degree strain, 29
Secondary survey, 9–12
Sedatives, 161
Selective dorsal rhizotomy, 120
Self-compression plate, 215f
Self-tapping screw, 213
Sensation intact, 349
Sensory nerve conduction, 571
Sentinel compartment, 44
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low lumbar and lumbosacral junction 
injuries, 252

neurologic syndromes, 255–256
occipital condyle, 237
odontoid, 239–240
particular considerations in, 257–258
sacral fractures, 252–253
shock syndromes associated with, 257
subaxial cervical spine, 240–246
thoracic spine injuries, 248–250
thoracolumbar fractures, 250–252

Splint placement, 365
Splints. See Cast and bandaging techniques; 

Emergency splints
Split-depressed fractures, 474
Split fracture, 473–474
Split Russell traction, 189, 191f
Splitting casts, 149
Spondyloarthropathy, 76
Spondylogenic back pain, 264, 264t
Spondylolisthesis, 114–115, 268–269
Spondylolysis, 114–115, 268
SPRINT, 481
Squeeze test, 489
Stable pelvis, 389
Steel tape measuring method, 544f
Steinmann pins, 178
Steri-Strips, 225
Sternoclavicular injuries, 284–286
Steroids, 257
Stiff spine, 258
Stimson technique, 294
Stirrup walker, 145
Stockinet, 132
Straight leg raise, 264
Stress fractures, 28–29, 417, 520–522
Stress radiographs, 452
Structural curve, 272
Structural kyphosis, 273
Stryker Quickstick, 17
Students/interns, 166–174

final thoughts, 173–174
general principles, 168–170
involvement, 166
maturation, 168
patient care/ward decisions, 166–167
presenting at rounds, 172–173
usefulness, 167
working with others, 171–172, 173

Subacromial space, 528f
Subaxial cervical spine, 240–246
Subcuticular suture, 226, 227f
Subtalar dislocation, 502–503

tenting, 129
traction, 177–178

Skull tong traction, 183–184
SLE. See Systemic lupus erythematosus 

(SLE)
Sliding hip screw, 425
Sliding hip screw fixation, 420
Sliding screw plate, 426f
Sling-and-swathe bandages, 124–125, 127f
Slipped capital femoral epiphysis (SCFE), 

91, 107, 108f
Small finger base fracture, 365
Smith fracture, 338–339, 338f
Smith-Petersen anterior approach, 419
Snapping scapula, 308
Sof-Roll, 132
Soft signs of arterial injury, 14
Soft spot, definition of, 491
Soft tissue injuries, 29–32
Spanish windlass, 126
Spastic type, 373
Specialist, 132
Spica, 141–143
Spina bifida, 120
Spinal cord injury, 254–257
Spinal cord injury without radiographic 

abnormality (SCIWORA), 256
Spinal deformity, 271–274
Spinal imbalance, 272
Spinal injury/disease

deformities of the spine, 271–274
joint motion measurement, 543–544f, 

545f, 546f
kyphosis, 273–274
low back pain, 262–271
scoliosis, 271–273
spondylolisthesis, 268–269

Spinal shock, 257
Spinal stenosis, 266
Spine-related disorders, 113–118. See also 

Spinal injury/disease
Spine trauma, acute management of

ASIA classification, 254–255
atlas fractures, 237–238
cervicothoracic junction, 246–248
clearance of, 234–235
craniocervical junction, 235–237
definitive management of, 256–257
fracture stability, 235
fracture/dislocation of, 235–253
imaging studies, 232–234
initial evaluation/management, 232
initial management of, 256
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Tension band
fixation, 216
plating, 216
wire internal fixation, 216

Tension fractures, 416
Tetanic muscle contractions, 204
Tetanus immunization, 347
Tetanus, prophylactic treatment of, 22t
TFCC. See Triangular fibrocartilage complex 

(TFCC)
Thigh-foot angle, 92f
Thigh-foot axis, 91
Third-degree sprain, 30
Third-degree strain, 29
Thomas splint, 125–127, 128f, 193
Thompson test, 497
Thoracic spine injuries, 248–250
Thoracolumbar fractures, 250–252
Three-phase bone scan, 89
Three-point plaster fixation, 134f
Thromboembolism, 162–163
Thumb base fracture, 365
Thumb carpometacarpal (CMC), 380–382
Tib-fib fractures, 483
Tibial apophysis, 461
Tibial diaphyseal fracture, 477–483
Tibial fractures, 471–483

diaphyseal fractures, 477–483
extraarticular proximal, 476–477, 478t
HCMC treatment recommendations, 483
tib-fib fractures, 483
tibial plateau fractures, 471–476, 483
tibial shaft fractures, 477–483

Tibial shaft fractures, 477–478
Tibial tubercle apophysis, 468
Tibialis posterior dysfunction syndrome, 517–520
Tibiofibular syndesmosis, 495–496
Tight Achilles tendon, 516
Tight-Rope (Arthrex), 495
Tightrope, 290
Tile classification system, 389–390
Tile type fractures, 396–397
Tinel test, 374
Tissue pressure, 44–46

measurement, Wick technique, 45f
TNF inhibitors, 79–80
Tobacco use disorder, 348
Tobramycin, 60t, 61t
Toe fractures, 510–511
Toes. See Foot injuries
Tomography, and plain films and, 384
Tong traction, 183–184
Tongue-type calcaneal fracture, 504, 507f

Subtrochanteric femur fractures,  
430–432, 438

Succinylcholine, 205
Sudeck atrophy, 47
Sugar-tong splint, 361
Sulfasalazine, 79, 85
Sulfinpyrazone, 83
Summary treatment recommendations.  

See HCMC recommendations and 
protocols

Superior labrum anterior to posterior (SLAP) 
tears, 305

Supination
forearm, 536f
forepart of foot, 553f

Supracondylar femur fracture, 435–437
Supracondylar fractures, 320–321
Surgery. See Operating room
Surgical draping techniques, 563–567

back drape, 563f
extremity drape, 564–565f
lateral hip drape, 567f
shoulder drape, 566f

Surgical exposure instruments, 206–208
Surgical scissors, 206
Swayback, 118
Sympathetically maintained pain syndrome, 

47
Symptomatic hardware, 331
Syndactyly, 371–372
Synostosis, 336
Systemic inflammatory response syndrome 

(SIRS), 37–38
Systemic lupus erythematosus (SLE), 70t, 

73, 75, 83

T
T plate, 214
Talar neck fractures, 501
Talipes equinovarus, 95–96
Talocalcaneal coalition, 98
Talus fractures, 24, 501–502
Tardy ulnar nerve palsy, 39
Tarsal tunnel syndrome, 516
Tarsometatarsal (Lisfranc) fracture, 508
TcMDP bone scans, 452
Temporary pelvic stabilization, 395
Tendo calcaneus ruptures, 497–498
Tendon, 29–30
Tendon-bone insertion failure, 380
Tendon sheath, 30
Tendonitis, 74t
Tennis elbow, 529
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Unreamed nail, 223
Upper extremity splinting, 123–125
Upper extremity traction, 186–188
Uricosuric agents, 82
Urinary retention, 163–164

V
Valgus talus, 519
Vancomycin, 22, 160, 198t
Vascular back pain, 264
Velpeau bandage, 124, 126f
Vena cava filter, 47
Venous thromboembolism, 47–48
Vertical compression injuries, 246, 248f
Vertical fractures of patella, 453
Viscerogenic back pain, 264
Vistaril, 161
Volar compartment syndrome of  

forearm, 41f
Volkmann ischemia, 40

W
Walking cast, 145
Wallenberg syndrome, 236–237
Wandering off center, 210
Warfarin, 163
Watson-Jones anterolateral approach, 419
Webril, 132
Weekend warrior, 497
Weight and height tables, 561–562t
Wick technique (tissue pressure 

measurement), 45f
Winging of the scapula, 308–309
Wire cerclage, 221
Wire tighteners, 221–222
Workmen’s compensation, 385–387
Workup routines, 156–158
Wrist and hand, 347–368

acute injuries, 347–368
amputation, 361, 366
arthritic conditions, 380
bone damage, 382–383
carpal tunnel syndrome, 374–376
cubital tunnel syndrome, 376
developmental birth conditions, 371–373
hand injuries, 361–367
history, 348–351, 369
injection site, 529–530, 530f
injury site characteristics, 347–348
joint motion measurement, 536f, 537f, 

538f, 539f, 540f
muscle/tendon damage, 377–380
nerve damage, 374–377

Torn rotator cuff, 299, 304
Total hip arthroplasty, 411, 420
Tourniquet, 199–201
Toxic shock syndrome, 64
Traction, 177–194

acetabular fracture, 410–412
balanced suspension skeletal, 190–192
buck extension skin traction, 189, 189f
cervical spine, 182–186
complications, 194
fixed halo skull traction, 184–186
lower extremity, 189–194
materials, 177
objectives, 177
shoulder dislocation, 295
skeletal, 178–182
skin, 177–178
tongs, 183–184
upper extremity, 186–188

Traction bows, 179f
Tranquilizing drug, 161
Transepiphyseal fractures, 422
Transient quadriplegia, 255
Transient synovitis, 112
Transient/toxic synovitis, 90
Transitional athlete/worker, 461–462
Transverse fractures, 453
Trauma imaging, 8
Traumatic amputation, 18–19
Traumatic spondylolisthesis, 240, 240f, 268
Traumatic tension in muscles, 40
Treatment recommendations. See HCMC 

recommendations and protocols
Trenchfoot, 32
Triamcinolone, 83
Triangular fibrocartilage complex (TFCC), 353
Trigger digits, 379
Trocar, 180
Trochanter bursa, 531–532
Tubular stockinet, 132
Tumors, hand, 383–385
Turf toe, 522

U
Ulnar deviation, wrist, 536f
Ulnar fractures, distal, 341–342
Ulnar nerve compression at elbow, 39
Ulnar nerve dysfunction, 321
Ulnar palsy, acute, 39
Ultrasound (U/S), 89
Undisplaced supracondylar fractures, 436
Unicondylar femur fracture, 435–437
Unna boot, 151
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workmen’s compensation,  
385–387

wrist injuries, 360–361

Z
Zosyn, 23
Zyloprim, 82

nonacute conditions, 369–387
normal range of motion, 350f, 351t
patient’s habits/addictions, 348
pearls/pitfalls, 367–368
physical exam, 351–360, 369–370
PIN syndrome, 377
tetanus immunization, 347
tumors, 383–385


	MANUAL OF ORTHOPAEDICS
	Preface
	Contents
	Contributors
	Approach to the Musculoskeletal Examination
	The Diagnosis and Management of Musculoskeletal Trauma
	Complications of Musculoskeletal Trauma
	Prevention and Management of Acute Musculoskeletal Infections
	Acute Nontraumatic Joint Conditions
	PEDIATRIC ORTHOPAEDIC CONDITIONS
	Common Types of Emergency Splints
	Cast and Bandaging Techniques
	Orthopaedic Unit Care
	Traction
	Operating Room Equipment and Techniques
	Acute Management of Spine Trauma
	Disorders and Diseases of the Spine
	Fractures of the Clavicle
	Sternoclavicular and Acromioclavicular Joint Injuries
	Acute Shoulder Injuries
	Nonacute Shoulder Disorders
	Fractures of the Humerus
	Elbow and Forearm Injuries
	Acute Wrist and Hand Injuries
	Nonacute Elbow, Wrist, and Hand Conditions
	Fractures of the Pelvis
	Hip Dislocations, Femoral Head Fractures, and Acetabular Fractures
	Fractures of the Femur
	Knee Injuries: Acute and Overuse
	Fractures of the Tibia
	Ankle Injuries
	Fractures and Dislocations of the Foot
	Overuse and Miscellaneous Conditions of the Foot and Ankle
	Aspiration and Injection of Upper and Lower Extremities
	Appendix A JOINT MOTION MEASUREMENT
	Appendix B Muscle Strength Grading
	Appendix C Dermatomes and Cutaneous Distribution of Peripheral Nerves
	Appendix D Adult Body Weight Categories
	Appendix E Surgical Draping Techniques
	Appendix F Electromyography and Nerve Conduction Studies
	Index



