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Radiology Events to Remember
•
•
•
•
•
•

•

October—National Breast Cancer Awareness Month Visit http://
www.nationalbreastcancer.org/breast-cancer-awareness-month
TSRT Annual Meeting: Fall 2021 Visit http://www.tsrt.org/
National Mammography Day: October 15, 2021
World Osteoporosis Day: October 20, 2021
Remembering Wilhelm Conrad Roentgen
126th Anniversary of the discovery of x-rays
November 8, 1895
National Radiologic Technology Week:
November 7-13, 2021 Theme: Essential
Together https://www.asrt.org/events-andconferences/nrtw
Radiological Society of North America: November 28–December 2, 2021
RSNA Scientific Assembly and Annual meeting to be held in Chicago Visit
www.rsna.org

Limited Scope Exam Fee Increase
Limited Scope Testing (LST) provides application processing services for
eligible students wishing to sit for the American Registry of Radiologic
Technologists (ARRT) Limited Scope of Practice in Radiology examination and
the Bone Densitometry Equipment Operator examination for the state of
Tennessee. The cost of both these exams will increase to $275 on January 1,
2022 due to an ARRT exam fee increase.

Renewing in 2022?
If you renew your license next year in 2022, you need to complete your 20 CE
credits by December 31, 2021 to be compliant with current state rules.
Even though you must complete your CE credits within the 2 preceding calendar
years, the due date for proof of that completion is not until your biennium
renewal due date.
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Important Facts to Remember
About Your TN Medical X-Ray License
1. You must obtain 20
continuing education
credits every biennial
period. The easiest way to
accomplish this is to
subscribe to X-Ray News
on a yearly basis. X-Ray
News will provide 10 CE
credits each year if
completed timely.
2. These credits must be
completed in the 2
calendar years prior to
your renewal date i.e. by
the end of December the
year before you renew. If
you renew your license
next year in 2022, then

you will need to complete
your 20 CE credits by
December 31, 2021.
3. Your renewal period is
every 2 years with the
renewal date being the last
day of your birth month. If
you were born in an odd
year then your renewal
year will always fall in an
odd year and vice versa.
4. Be sure to keep your
address current with the
state so you will receive
your notice to renew. This
is your responsibility. The
state does not forward
mail. You can update

your address online at
www.x-raynews.com
under TN X-Ray License
on the top menu. Under
the heading TN State
X-Ray Links click on the
link License Renewal &
Address Update.
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Disclaimer

X-Ray News (XRN) has performed diligent efforts to determine
that all content is factual, and has obtained all rights to use any
information or excerpts in all required instances. XRN denies all
claims of liability regarding the content, or any action taken by the
reader’s erroneous interpretation of the content in any XRN Issue.
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Puzzle Challenge
The words used in this puzzle are taken from the article, DR-105: Extremity Fractures. Words may read normally,
from right to left, bottom to top, top to bottom, or on any diagonal. Solution is below.

Puzzle Words
alignment
anatomy
comminuted
compound
condyles

dislocated
epiphysis
extremity
femoral
femur

fracture
knee
metaphysis
patella
radiograph

X-Ray Quiz
How many phalanges are
there in the hand?
A. 14
B. 27
C. 30
D. 32

2. For the AP projection of the
elbow, the humeral epicondyles are:
A. perpendicular to the IR
B. parallel to the IR
C. super imposed over each
other
D. not clearly seen

3. For the lateral projection of the
knee, how many degrees should
the knee be flexed?
A. 10° to 20°
B. 20° to 30°
C. 30° to 40°
D. 40° to 50°
1.
2.
3.

1.

A
B
B

Amazing Facts
•

Human fingers stretch and
bend about 25 million times in
a normal lifetime.

•

Your bones, pound for pound,
are 4 times stronger than
concrete.

•

The feet account for one quarter
of all the human body's bones.

•

Fidgeting can burn about 350
calories a day

•

The tongue is the strongest
muscle in the human body.

•

•

The length of your foot is the
same as that of your forearm
between your wrist and the
inside of your elbow.

There are 137 million light
sensitive cells in the eye's retina
and the fluid that fills the eye is
changed 15 times a day.
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If you tell the
truth you don’t
have to
remember
anything.
Mark Twain
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ONLINE ACCESS INSTRUCTIONS
For all X-Ray News subscribers who have chosen ALL ONLINE or POST-TEST
ONLINE subscriptions:
•

We automatically enroll you into X-Ray News Online, and then send you an email
containing access instructions to your account on X-Ray News Online.

•

You are able to download the publication or read each issue online, and take the PostTest for each Direct Reading. NOTE: after successfully completing a Post-Test, the
certificate of completion will be emailed to you.

•

If you already have an XRN Account with a prior subscription, each new issue will
automatically open upon publication.

If you have chosen a NO ONLINE subscription, then your Answer Sheet is
mailed with the booklet. Please see the instructions below for using an Answer
Sheet.

ANSWER SHEET INSTRUCTIONS
IMPORTANT: Use ONLY a #2 pencil on the answer sheet.
Write your name on the NAME line. Write in the name of the Direct Reading Article on the
SUBJECT line. Write the DR# on the PERIOD line.
In the box headed I.D. Field, print the numbers of your
XRN ID and then also fill in the ovals directly beside
the numbers (see example). Your XRN ID is on your
confirmation and address label. DO NOT put your
license number in the ID field and DO NOT fill in the
rest of the field with zeros, leave it empty.
Do not fax your Answer Sheet.

Before mailing your Answer Sheet, make a copy for your files in case it gets
lost in the mail.
You need to score 75% or better to receive the approved credit. Your CE report is mailed out
the day your answer sheet is received and graded. You are notified at that time if you did not
receive a passing score.
DO NOT send in your original documentation of credits when you renew your license.
BUT be prepared to produce them if you receive an audit letter from the state’s Audit Unit.
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Extremity Fractures

Direct Reading
DR-105

Approved for
6.0 CE Credits

Ruth Ann Cooper, R.T. (R) (ARRT) and Ann Watson, R.T. (R) (ARRT)
Statistically, the average person in the U.S. will experience
2 fractures in their lifetime. Secondary to activity level and
lifestyle, others may experience many more fractures.
Fractures can occur for many different reasons. They can be
caused by high energy events such as car accidents, injuries
from sports, or falls. Low energy events, chronic repetitive
activities, or poor bone quality can also cause fractures.
Extremity fractures are the most common types of fractures
and are seen more
often in men under
the age of 45.
Fractures are more
prevalent in males
because they often
participate in high
energy contact sports
like football or
hockey. Fractures
Fig. 1 Fractures more prevalent in males
are more common
for females after the
age of 45 because hormonal changes can lead to bone loss.
The most common fracture in women before the age of 75
is a wrist fracture. This article will discuss the different
types of fractures possible, the radiography needed to
properly demonstrate these injuries, the boney anatomy
involved, and the
treatment required.
It is estimated that
approximately 15
million fractures are
treated in the United
States every year. A
fracture is a break or
separation in the
continuity of a bone.
Fig. 2 Ankle avulsion fracture
Fractures of the bone
can be defined as:
1. simple avulsion fracture - a small piece of bone that is
pulled away secondary to a tendon injury. 2. non-displaced
fracture - the pieces of the fractured bone are still in
alignment. 3. displaced fracture - the pieces of the fractured
bone are not in alignment. 4. compound fracture - the ends
of the fractured bone have protruded through the skin.
5. comminuted fracture - the bone is broken into many
small pieces.

Fracture Radiography
Fracture radiography can be a challenging job.
Radiographers must deal with patients with acute injuries
X-RAY NEWS VOLUME 27, ISSUE 3

which are more painful than chronic conditions. Positioning
to get the proper radiographs is likely uncomfortable for
adults and frightening for children. Care must also be taken
to prevent further displacement of an unstable fracture
during the radiographic process. When a fracture displaces,
the fracture fragments move out of alignment. To help
prevent this from happening requires a radiographer who is
knowledgeable of anatomy, good radiographic techniques,
and how to allow for modifications of the routine
procedures to obtain quality diagnostic radiographs. This
knowledge also allows the radiographer to perform the
studies quickly and efficiently which decreases the level of
discomfort for the patient. In any radiographic procedure,
proper technical factors are crucial in obtaining a diagnostic
study. The radiographer x-rays patients of all ages so good
understanding of basic x-ray principles and techniques is
vital. A technique chart should be used to ensure the
appropriate technical factors are used. If previous
radiographs were inconclusive, it is important that the new
radiographs are of good diagnostic quality to ensure that
subtle fractures are not missed. If radiographs are too dark,
subtle fractures or
avulsion fractures may
be missed. If a patient
is returning for follow
up radiographs to
check for healing of a
fracture, it is essential
that the same
technique is used each
time to properly
demonstrate the degree Fig. 3 Radiographic procedure
of healing within the
fracture site.

Growth Plate Fractures
Positioning is also critical in orthopedic radiography. In
children the doctor often must determine if a fracture
involves the growth plate of the affected bone. A growth
plate is the epiphyseal plate of a long bone. It is the area at
the ends of long bones in children where growth occurs. The
shaft of the bone is called the diaphysis. The end of the long
bone is called the metaphysis. At the point of the metaphysis
there is an epiphyseal plate (growth plate) and then the
epiphysis. When a child finishes growing, the epiphyseal
plate closes, and the metaphysis and epiphysis fuse into one
solid bone. Poor positioning may not properly demonstrate
the growth plate to its best advantage. Trauma in an adult
that might cause a simple sprain could cause a growth plate
injury in a child. Growth plate injuries heal more easily in
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younger children.
There are different
types of growth
plate injuries. They
are rated in a
classification called
Salter-Harris. This
classification has
been the standard
since the 1960s.
A Salter-Harris
Fig. 4 Salter-Harris fracture types
Image courtesy of Dr Frank Gaillard (MBBS,
Type I fracture is a
FRANZCR) (http://www.frankgaillard.com).The
fracture through the
original uploader was Benweatherhead at English
Wikipedia.derivative work: Zerodamage, CC BY-SA
growth plate where the
3.0 <https://creativecommons.org/licenses/byepiphysis is completely
sa/3.0>, via Wikimedia Commons.
separated from the
metaphysis. If there is no damage to the blood supply, this
injury should heal with casting and without permanent
damage to the growth plate. If the fracture is significantly
displaced, the physician reduces (restore the bone to the
correct alignment) the fracture and then immobilize (place
the patient in a cast or other device to prevent movement)
the patient until the fracture is healed.
A Salter-Harris Type II fracture is the most common type
of growth plate injury. It is a fracture through the growth
plate and a fracture to the end of the bone (metaphysis).
The epiphysis is unaffected. If non-displaced, it is
immobilized until healed. If displaced, it is reduced before
immobilization.
A Salter-Harris Type III fracture is rare and usually only
occurs in the distal tibia. This fracture runs through the
growth plate and separates part of the epiphysis and growth
plate from the metaphysis. It often requires surgery. If the
blood supply is not damaged the chances for healing of this
growth plate injury are good.
A Salter-Harris Type IV fracture includes the metaphysis,
growth plate, and epiphysis. For this injury to heal properly,
surgery is usually required to realign all portions of the
bone. Perfect alignment is critical for good prognosis.
Growth arrest and angulation of the bone can occur.
Growth arrest means that the area of injury stops growing
causing deformity of that bone. This injury is most
frequently seen in the elbow joint at the distal humerus.
A Salter-Harris Type V injury is very uncommon. It is
usually a crush injury to the knee or ankle that compresses
the growth plate. Permanent damage to the epiphyseal plate
often occurs leading to growth arrest.
Poor positioning may also hinder proper diagnosis of
fractures effecting joint spaces or possible dislocations. Not
every patient is able to assume the standard textbook
positions, so as a radiographer improvisation is a must.
Injury, the presence of a cast, or merely the stiffness that
occurs by wearing a cast may make positioning more
difficult. Measures must be taken to provide the best
radiograph possible for the patient.

Fracture Treatments
Fracture treatment requires many different methods. We
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will mention all these different
terms frequently throughout our
discussion. Casting or splinting is
a closed treatment of a fracture. If
a dislocation or a fracture is
reduced then placed in a cast, this
is considered a closed reduction
treatment. The cast is made of
either plaster or fiberglass.
Fiberglass is used more often
today because it is easy to apply,
dries quickly, and is much lighter
than a plaster cast.
In some instances, the fractured
bones are reduced with a closed
technique but do not hold their
position. In this situation, most
often a percutaneous pinning is
done. The surgeon reduces the
fracture and then drills a pin
through the skin and into the bone
to maintain the reduced position.
This is less invasive than an open
reduction internal fixation (ORIF).
The pins are later removed once
the fracture has healed. The ORIF
treatment is when the surgeon
makes an incision in the soft tissue
to access the bones. Screws and
plates are used for fixation of the
fracture fragments and in most
cases remain permanent. A child
might require the hardware to be
removed later secondary to
growth or a patient may request
the hardware be removed
because it is painful. Most
patients have no problem with
the retained hardware. We will
do a basic review of the bony
anatomy as we discuss types of
extremity fractures and their
treatments.

Fig. 5 Closed reduction
fracture—wrist PA

Fig. 6 Percutaneous
pinning fracture—wrist
PA oblique

Fig. 7 ORIF fracture –
wrist PA

The Hand
Hand Anatomy
We begin with the most distal portion of the upper
extremity. The most distal ends of the upper extremity are
the digits of the hand. The hand is made up of 27 bones.
The digits are comprised of 14 bones named phalanges. The
first digit or thumb contains only 2 bones, the proximal and
distal phalanges. The remaining digits, second through the
fifth, each contain 3 bones. They are the distal, middle, and
proximal phalanges. When identifying a specific portion of
a digit it is called a phalanx.
The joint spaces where these bones articulate (where 2
bones meet to form a joint) are called interphalangeal joints
(IP joints). The distal joint spaces are called the distal
interphalangeal joints (DIP joints). The proximal joint
X-RAY NEWS VOLUME 27, ISSUE 3

spaces are called
the proximal
interphalangeal
joints (PIP joints).
The proximal
phalanges
articulate with the
bones that make up
the palm of the
hand. These 5
bones are called
metacarpals. The
points at which the Fig. 8 Bones of the hand and wrist
metacarpals
articulate with the proximal phalanges are called the
metacarpophalangeal joints (MCP joints).

To perform the lateral projection of the fingers, determine
which lateral (mediolateral or lateromedial) places the
affected digit closest to the IR. Rotate the patient’s hand 90°
to place the affected finger in the lateral position and have
the patient make a fist, leaving the affected finger extended.
If the patient is having a hard time extending the digit, tape
or a cotton-tipped applicator may be used to assist the
patient. The fingers most difficult to extend from a fist are
the third and fourth. Once again, the CR is directed to the
PIP joint. The lateral image is the most difficult of the
finger series, simply because it is often hard for the patient
to extend the injured finger. If necessary, it may help to
have them fan out their fingers rather than making a fist, to
better demonstrate the affected digit free from
superimposition.

Finger Radiography

Radiography of the thumb is done a little different than the
other digits of the hand. When the hand is placed palm side
down, the thumb is in the oblique position. Center the
perpendicular CR to the MCP joint of the thumb for all 3
images. To achieve a lateral projection, the palm of the
hand must be raised off the IR with the thumb being rotated
medially until a lateral position of the thumb is achieved.
The 3rd projection of the thumb can be done either AP or
PA, depending upon the condition and capabilities of the
patient. The AP projection places the thumb closer to the IR
and avoids magnification, but it is harder to achieve. If an
AP projection is performed, the patient must rotate their
entire arm and hand medially until the thumb is in the AP
position. This can be difficult for patients with a hand injury
or elderly patients with osteoarthritis. The PA projection is
easier for most patients. The hand must be laterally rotated
90°. With the hand in the lateral position, have the patient
relax their thumb until it is in the true PA position. This
places the thumb several inches from the IR and will
produce magnification. Images of the thumb should
demonstrate the distal tip of the thumb, the first metacarpal,
and the trapezium.

Fractures and/or dislocations (when bones of a joint
become displaced or misaligned) of the digits are common
injuries. Standard radiography of the digits includes 3
projections: PA, oblique, and lateral. Whether you do a
mediolateral lateral or a lateromedial lateral is determined
by which digit you are assessing. For the thumb, index
finger, and third finger the mediolateral lateral projection
puts the digit closest to the image receptor (IR). For the
fourth and fifth digits a lateromedial lateral projection
places the digit closest to the IR.
In most cases all 3 images can be
done on the same IR however,
there should be 4 collimated
margins for each projection and
lead blockers covering the
unexposed sides.
For the PA projection of digits 2
through 5, place the hand palm
side down. Spread the fingers
and center the affected finger to
the area of the IR that is
unmasked. Direct the central ray
(CR) perpendicular to the PIP
Fig. 9 Fifth proximal
joint of that digit and collimate to
phalanx fracture-PA
the area of interest (AOI). The PA
projection should include the
entire digit from the tuft of the
distal phalanx to the most
proximal portion of the
proximal phalanx, including the
MCP joint and a small portion
of the adjacent metacarpal.
For the oblique projection of the
digits, rotate the hand laterally
to place the affected finger in
approximately a 45° angle,
centering the perpendicular CR
to the PIP joint. For this exam,
Fig. 10 Percutaneous
be careful not to overlap
pinning fifth proximal
adjacent soft tissues from the
phalanx fracture-PA
surrounding digits.
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Thumb Radiography

Fig. 11 Thumb-position for AP
projection

Fig. 12 Thumb-AP
projection

Finger Fractures
The PIP joint is the most dislocated joint in the body.
Dislocations can lead to ligamentous or bony injury.
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Avulsion injuries are often seen after dislocation. Avulsion
means tearing away. An avulsion injury is when a piece of
bone is forcibly detached from the affected bone as a
ligament is stretched.
After a dislocation, if the injury is not treated appropriately,
loss of motion or flexion contracture may occur. A flexion
contracture is when the affected finger remains passively in
a flexed position secondary to abnormal shortening of the
muscle tissues after injury. The finger can usually be
actively extended by using the opposite hand to extend it
but cannot be passively extended by using the muscle
power of the affected finger only, and it remains in a flexed
position at rest. Dislocations of the DIP joints are usually
caused by a crushing injury. This injury usually involves
other trauma of the finger as well. The most common MCP
joint to be dislocated is the thumb.
An injury to the extensor
tendon of a finger can
cause a patient to incur a
mallet fracture. This
leaves the distal phalanx
of the finger in flexion.
The patient is unable to
straighten the end of the
finger. The term mallet
finger was described in
the late 1800s. Another
and probably more
accurate name would be
a drop finger, as the distal Fig. 13 Mallet finger injury Image
courtesy of Clappstar, CC BY-SA 4.0 <https://
phalanx has dropped down creativecommons.org/licenses/by-sa/4.0>, via
Wikimedia Commons
into flexion. This injury
occurs more often in men
than women and occurs when there is direct trauma to the
end of the extended finger. This is a frequent injury in
baseball players. Mallet injuries occur most often in the
long and ring fingers.
This injury is often treated surgically either with
percutaneous pinning or ORIF. Fracture displacement of
more than 40% will require ORIF. If pinned, the pin
remains in place for approximately 4 weeks. Radiographs
are usually necessary intermittently throughout the
treatment to ensure healing.

than 3 mm displacement,
percutaneous pinning is likely
sufficient. If there is more
than 3 mm of displacement,
or if reduction cannot be
maintained with pinning,
ORIF is required.
A Rolando’s fracture of the
thumb is a 3-part fracture
involving the base of the
metacarpal. It was first
described by Dr. Rolando in
Fig. 14 Thumb-Bennett’s
1910. The fracture is often a
fracture
comminuted intra-articular
fracture. This type of fracture is less common and often has
a poor prognosis. If the bones are severely comminuted
surgery may not be possible. If the fragments are large
enough, surgery may be possible with either K-wire
placement or a cortical lag screw to maintain the repair.

Hand Radiography
Radiography of the hand includes a PA, an oblique, and a
lateral projection. These exams are performed in similar
fashion to the digits, except that the entire hand is included
on the radiograph. For the PA projection, the patient’s hand
and arm are laying on the x-ray table. Place the patient’s
hand on the IR palm down. The CR is directed to the third
MCP joint. The entire hand from the tufts of the distal
phalanges to the proximal ends of the metacarpals must be
included in their entirety, as well as the carpal bones and the
distal radius and ulna.

Thumb Fractures
Fractures of the thumb can be serious problems. It can
permanently affect someone’s ability to grip objects.
Thumb fractures usually occur when the thumb is forced
backward into hyperextension which can happen from
falling or catching an object like a baseball. Twisting
injuries can also occur in sporting activities.
A Bennett’s fracture is the most frequent type of thumb
fracture. It was first described by Dr. Edward Bennett in
1882. It is a fracture dislocation that affects the articular
surface of the thumb. Radiographs will demonstrate an
oblique fracture with a triangular shaped fragment of bone
at the ulnar base of the metacarpal. Less than 2 mm of
displacement is acceptable and does not require surgery.
With greater than 2 mm of displacement involved but less
Page 8

Fig. 15 Hand-position for PA
projection

Fig. 16 Hand-PA projection

The oblique image of the hand requires that the patient’s
hand be rotated 45° laterally. Simply help the patient rotate
their hand or use a radiolucent sponge designed for this
exam. If the patient has a significant injury, it may be
difficult for them to hold the oblique position and the
sponge will ensure that they are correctly positioned
without motion.
The lateral projection of the hand can be performed in
several different ways. The lateral can be positioned with
the fingers completely extended or a fan lateral can be
X-RAY NEWS VOLUME 27, ISSUE 3

Fig. 17 Hand-position for oblique
projection

Fig. 18 Hand– oblique
projection

performed. The lateral most often used in orthopedics is the
fan lateral. The patient’s hand is placed in the lateral
position with the fingers extended and then fanned out to
demonstrate a lateral image of all the digits as well as the
metacarpals.

Metacarpal Fractures
Metacarpal fractures are common injuries. Metacarpals are
the bones in the palm of your hand. The most common
metacarpal injury is a boxer’s fracture. It is a fracture of the
fifth metacarpal and derives its name from a punching type
of injury. Metacarpal fractures are classified in a letter and
number type classification. The classification number for
metacarpals is 2 to 5. The specific metacarpal is listed by
letter (T for thumb, I for index, M for middle, R for ring,
and L for little finger). It is then classified as either A extraarticular, B articular, or C articular/extra-articular. The final
number denotes the area of the metacarpal that is fractured;
1 for head, 2 for shaft, 3 for base. An extra-articular
fracture to the base of the third metacarpal would be listed
as 25MA3.
Treatment depends upon the degree of angulation, rotation,
and shortening of the metacarpal. For stable fractures
casting is appropriate. The hand is placed with the wrist at
20° to 30° of extension, the MCP joints in 90° of flexion,

and the phalanges in full extension.
For shaft fractures, if there is severe dorsal angulation of
10° to 20° for second and third metacarpals or 30° for the
fourth and fifth metacarpals, reduction is required. More
than 10° of rotation and more than 5 mm of shortening also
requires reduction.
Metacarpal fractures can be treated with an ORIF involving
screw fixation, pinning or external fixation. Fractures of the
metacarpal neck are most often seen in the fourth and fifth
metacarpals. The injury of the fifth metacarpal would be the
boxer’s fracture that occurs with a closed fist injury.
Punching is the most common way to get this injury, but it
can occur in other ways. For example, I saw a patient who
was working on a motorcycle and was pushing down on a
wrench that slipped, and his closed fist hit the pavement
mimicking a punching motion. For metacarpal injuries, a
true lateral radiograph is necessary to determine the angle of
displacement.

The Wrist
Wrist Anatomy
There are 8 bones that form the wrist. They are the carpal
bones. The most distal 4 articulate with the proximal ends
of the metacarpals. They are the trapezium, trapezoid,
capitate, and hamate. The 4 bones in the proximal row of
carpals are the scaphoid (navicular), lunate, triquetrum, and
pisiform. The scaphoid bone can be palpated just below the
thumb. In this area is a triangular depression seen when the
thumb is extended and abducted. This depression is formed
by tendons extending to the thumb. This area is called the
anatomic snuff box. If a patient has pain in this area, it
suggests a fracture of the scaphoid, which is the most
fractured carpal bone.

Fig. 21 Wrist anatomy Image curtesy of https://www.scientificanimations.com, CC BYSA 4.0 <https://creativecommons.org/licenses/by-sa/4.0>, via Wikimedia Commons

Fig. 19 Percutaneous pinning
metacarpal fracture-PA

Fig. 20 ORIF metacarpal
fracture-PA fourth digit
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The distal end of the bones in the forearm (radius and ulna)
articulates with the wrist. The distal radius is the major
forearm bone contributing to the wrist. The distal end of the
radius is wide. The medial side articulates with the ulna at
the ulnar notch. The lateral side ends in the styloid process
which is an anchoring site for ligaments of the hand. The
inferior portion is concave where it articulates with the
carpal bones of the wrist. The ulna narrows at the distal end
to a small knob-like head. The medial ulna ends in a styloid
process that serves as an attachment point for ligaments of
Page 9

the wrist. Laterally, the distal ulna articulates with the distal
radius at the radioulnar joint. The distal ulna is separated
from the carpal bones of the wrist by a disc of
fibrocartilage. The ulna contributes little, if any, to the
movement of the hand.

Wrist Radiography
Routine radiography of the wrist includes a PA, an oblique,
and a lateral projection. There are also several accessory
exams that you may be asked to do to assess specific areas
of the wrist. For the PA projection, have the patient place
their arm on the table palm down. I have found that when
the patient extends their fingers for this image, the wrist is
in a slight oblique position. To correct this, have the patient
gently curl their fingers as if they were going to make a fist,
but do not let them squeeze; keep the hand and wrist
relaxed. The CR is directed perpendicular to the middle of
the carpals. The PA projection should demonstrate the joint
spaces of the carpals as well as the wrist joint between the
proximal row of carpal bones and the distal radius and ulna.

Fig. 22 Wrist-position for PA
projection

Fig. 23 Wrist-PA projection

For the oblique projection, of the wrist have the patient
rotate their hand 45° laterally. A sponge can be used if the
patient has difficulty holding this position. I have found it
helps the patient hold the position if I have them keep the
fingers bent like they were for the PA projection. I have
noticed that this finger position also helps maintain the
lateral position as well.

Fig. 24 Wrist-position for oblique
projection

Fig. 25 Wrist-oblique
projection

wrist laterally 90°. For children, I often tell them to keep
their thumb up as well. This makes them concentrate on
maintaining the lateral position and prevents rotation on the
lateral exam. The CR is directed perpendicular to the wrist
joint.
The lateral wrist position can be difficult to obtain. Injury or
previous casting may make it painful for the patient to
rotate the wrist into a lateral position. I have found if the
patient straightens their elbow and rotates the entire arm
laterally it is easier for them to obtain the lateral position of
the wrist. If radiographs are taken with the patient in a cast,
care must be taken to get accurate positioning of the wrist
without rotation. Pay close attention to the position of the
hand and fingers and adjust the arm accordingly. If there is
a fracture of the distal radius and ulna that is severe enough
for a long arm cast to be applied, the patient will most likely
have to stand up to be able to obtain the lateral position of
the wrist. In some instances of serious injury or loss of
range of motion (ROM), a cross table lateral may be more
appropriate and better demonstrates the anatomy.

Fig. 26 Wrist-position for
lateral projection

Fig. 27 Wrist-lateral projection

Scaphoid Exam Series
Several accessory positions of the wrist are available to
further assess a fracture. The most common of these exams
is the scaphoid series. These images are done specifically to
assess for injury of the scaphoid, which is the most often
fractured of the carpal bones. The first exam in this series is
called ulnar deviation (flexion). Place the patient’s arm onto
the IR as if you were going to perform a PA projection of
the wrist. Flex their wrist toward the fifth digit, placing the

Fig. 28 Scaphoid-position
for PA projection

Fig. 29 Scaphoid-PA
projection

For the lateral projection, the patient rotates their hand and
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wrist in extreme ulnar deviation. The scaphoid bone is
better visualized without superimposition of the other
carpal bones and corrects the foreshortening of the scaphoid
as seen in a routine PA projection.
The second exam in the scaphoid series is a PA axial
projection (Stecher Method). The word axial means an
angle of 15° or more of patient angle or CR angle. The
easiest way to achieve the PA axial projection is to place
the patient’s hand on a 20° angle sponge. This puts the
scaphoid bone at a 20° angle allowing for better
visualization. If a sponge is not
available have the patient place their
hand palm down on the IR and angle
the tube 20° toward the elbow.

Fig. 30 Scaphoid-position for PA
axial projection

Fig. 31 Scaphoid-PA
axial projection

Wrist Fracture Treatment
The term wrist fracture includes fractures to the carpal
bones and the distal radius and ulna as they all form the
wrist joint. The American Academy of Orthopaedic
Surgeons reports that approximately 643,000 wrist fractures
are treated yearly in the U.S.
Carpal bones are most often fractured by falling onto the
outstretched hand. This type of injury is common in
athletes. They are most often closed fractures (no break in
the skin). The position of the hand upon impact determines
which carpal is injured. The
scaphoid or navicular, as
mentioned before, is the most
frequently fractured carpal
bone. These fractures are often
the most disabling carpal
fracture, requiring extensive
and lengthy treatment with
more complications. The
triquetrum is the second most
common carpal bone fracture
occurring when the fall occurs
with the wrist in ulnar
deviation. The lunate is the
third most common carpal
Fig. 32 Closed reduction wrist
bone fracture. Injury to this
fracture-lateral projection
carpal bone can lead to
avascular necrosis (AVN).
Scaphoid fractures make up 60% to 70% of all carpal
fractures. They are most frequent in men and most often
X-RAY NEWS VOLUME 27, ISSUE 3

occur between the ages of 15 to 60. It is a common injury in
football players, with approximately 1 out of every 100
players developing a scaphoid fracture yearly. Scaphoid
fractures make up 10% of all hand fractures. If a scaphoid
fracture is nondisplaced, it can be treated either with simple
casting or percutaneous pinning with casting. A displaced
scaphoid fracture usually requires ORIF with screw
insertion. Approximately 90% of all scaphoid fractures heal
in 8 to12 weeks. Surgery cannot always prevent
malalignment or non-union. The scaphoid has a 10% to15%
rate of non-union. This can also lead to AVN of the joint
causing pain, stiffness, loss of motion, and weakness.
Wrist fractures are the most common bones broken in
people under the age of 65. Approximately 1 in every 6
fractures treated in the ER is a wrist fracture. Most wrist
fractures involve the distal ends of the radius or ulna, or
both. The most common wrist fracture is a Colles’ fracture.
This is an extra-articular
fracture of the distal radius 2
to 3 cm from the wrist joint.
It was first described by an
Irish physician named
Abraham Colles in 1814.
Distal radius fractures can be
treated in a variety of ways
depending upon the degree of
fracture. Non-operative
treatment is appropriate if
there is less than 10° of
palmar tilt, less than 2 mm of
33 Colles’ fracture Image
radial shortening, less than 5° Fig.
courtesy of Lucien Monfils, CC BY-SA 3.0
in radial angle, and less than 1 <https://creativecommons.org/licenses/bysa/3.0>, via Wikimedia Commons
to 2 mm of articular step-off.
Casting is appropriate for these fractures. Wrist fractures
can include the distal radius alone, rarely the distal ulna
alone, or both bones. Throughout the non-operative
treatment process, intermittent images are taken either with
or without the cast, depending on the surgeon’s preference,
to visualize the fractures and the stability of the fractured
fragments.
For fractures that are severely displaced, percutaneous
pinning may be appropriate. K-wires are inserted into the
bones to hold the reduction.
Splinting and casting is used to
further immobilize the wrist and
to protect the position of the pins.
Fractures that cannot be reduced
with pinning or comminuted wrist
fractures require ORIF with plate
and screw fixation. Again,
splinting and casting is used to
immobilize and protect the wrist
while the bones heal.
In some instances, the surgeon
may feel that the fracture is best
treated with an external fixation
Fig. 34 percutaneous
device. This is a device that keeps pinning wrist fracturethe bones in place allowing them
lateral projection
to heal, but allows the other
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surrounding joints to move,
preventing stiffness, which
occurs with long term
casting. Studies have shown
that older patients get better
pain relief, ROM, and grip
strength when treated with
external fixation devices. In
younger patients that had a
comminuted wrist fracture
with more than 2
fragments, results were
Fig. 35 ORIF wrist fracture-PA
projection
better than with traditional
casting. An external fixation
device uses pins and screws in the bone on both sides of the
fracture. The pins are held together outside of the skin with
an external frame made of clamps and rods. The device is
quickly and easily applied and removed. These devices are
often used in fractures that have compromised the skin and
concern of infection is an issue.

wrist or elbow because an elbow series is done for proximal
radius/ulna injuries, and a wrist series is performed to assess
distal radius/ulna injuries. Forearm radiographs are usually
done to assess a fracture to the mid-shaft of the radius or
ulna. Some physicians like forearm
assessment even with distal radius/ulna
injuries. AP and lateral projection
comprise the forearm series.
For the AP projection, the patient must
extend their elbow and supinate the hand.
This places the radius and ulna parallel to
one another. A long IR is needed. If the
patient is in a long arm cast, a PA
projection is done instead of an AP
because the patient is unable to rotate
their arm into a supine position.

The Forearm
Forearm Anatomy
The radial notch of the ulna articulates with the head of the
radius. The head of the radius is passive during flexion and
extension. It rotates within the annular ligament during
supination and pronation of the hand. During supination
(palm facing upward) the bones of the forearm lie parallel
to one another. When the hand is pronated (palm facing
downward) the radius and ulna cross each other like an X.
The radius and ulna are connected by a flexible membrane
called the interosseous membrane.

Fig. 37 Forearm-position for AP projection

Fig. 38 Forearm-AP
projection

The CR is directed to the midpoint of the forearm for the
AP, lateral, and oblique projections. For the lateral forearm,
have the patient flex their elbow 90° and rotate the hand
laterally 90° as well. This places the entire forearm from the
elbow joint to the wrist in the lateral position. For lateral
forearm and elbow exams, I tell the patient to hold their
thumb up like they were hitch-hiking to obtain a good
lateral position. Once again, if the patient is in a long arm
cast it is necessary for them to stand to get the forearm into
the lateral projection.

Fig. 39 Forearm-position for lateral
projection
Fig. 36 Forearm anatomy Image courtesy of Anatomy &
Physiology by Lindsay M. Biga, Sierra Dawson, Amy Harwell, Robin Hopkins, Joel
Kaufmann, Mike LeMaster, Philip Matern, Katie Morrison-Graham, Devon Quick &
Jon Runyeon is licensed under a Creative Commons Attribution-ShareAlike 4.0
International License, except where otherwise noted.

Forearm Radiography
Radiographs of the forearm are done less often than the
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Some physicians like to obtain an
oblique projection of the forearm as
well. For the oblique projection, the
patient must extend their elbow in
the same position as if they were
having an AP projection. The only
difference is that the hand is pronated.

Fig. 40 Forearm-lateral
projection

X-RAY NEWS VOLUME 27, ISSUE 3

A long IR is often used. The entire forearm including the
wrist and elbow should be demonstrated on the image.

Forearm Fractures
Approximately 30% to 40%
of all childhood fractures are
forearm fractures. The distal
forearm (wrist) is involved
in 3 out of 4 forearm
fractures. Forearm fractures
can involve the radius or
ulna separately or may
include both bones. This is
called a both bone forearm
fracture. Many times, the
term buckle fracture is used.
This is a torus fracture in
Fig. 41 Buckle fracture Image
which the top layer of bone has courtesy of Apaul291003, CC BY-SA 4.0
<https://creativecommons.org/licenses/by
been compressed causing the
-sa/4.0>, via Wikimedia Commons
other side to bend away or
buckle. This is a stable fracture that only requires casting. A
metaphyseal fracture is a break through a portion of the
shaft of the radius or ulna that does not affect the growth
plate.
A greenstick fracture occurs when the fracture extends
through only a portion of the bone causing the other side to
bend like trying to break a piece of
green wood. This can cause bowing
of the arm. A greenstick fracture may
occur in both the radius and ulna or
may occur in only one with a
complete fracture in the other one.
When only one bone in the forearm
is fractured the integrity of the distal
and proximal radioulnar joints must
be evaluated.
Immobilization with casting is used
to treat the fracture. For many
fractures of this type, closed
reduction can be used with the
patient placed in a cast with 3-point
molding to keep tension in the
appropriate areas of the bone to keep
the reduction stable. Once the patient
is placed into the cast, the physician
places the wrist in 20° to 30° of
Fig. 42 ORIF midshaft
flexion, 15° of ulnar deviation, and
forearm fracture-AP
20° pronation. This position is held
projection
until the cast solidifies. This is a long
arm cast that is worn for 4 to 6 weeks.
A Galeazzi fracture involves both bones of the forearm
usually involving a dislocation of the ulna at the wrist and a
displaced fracture in the radius. In children this can be
treated with closed reduction, but must be treated with an
ORIF in adults. In adults, ulnar shaft fractures that are
stable and displaced less than 50% can be treated nonsurgically with casting. If the fracture is displaced more
than 50% or has 10° to 15° of angulation, it needs to be
treated surgically with an ORIF. In adults, all radial shaft
X-RAY NEWS VOLUME 27, ISSUE 3

fractures that are displaced more than 10° or with
subluxation of the proximal or distal radioulnar joint require
ORIF.

The Elbow
Elbow Anatomy
The distal end of the humerus articulates with the proximal
ends of the forearm bones to form the elbow joint. The
trochlea of the humerus articulates with the c-shaped
trochlear notch of the ulna (resembles a monkey wrench).
The coronoid process and the olecranon process of the
proximal ulna grip the trochlea of the humerus. This
gripping of the trochlea by the trochlear notch of the ulna
forms a hinge joint which is the main stabilizer for the
elbow joint. This articulation allows for flexion and
extension of the elbow joint. The olecranon process of the
ulna locks into the olecranon fossa of the humerus when the
elbow joint is in full extension to prevent hyperextension.
The olecranon process is the pointy part of the elbow that
touches the table when you have your elbows on the table.
The capitulum of the humerus articulates with the spool
shaped head of the radius.

Elbow Radiography
Radiographs of the elbow can be quite challenging,
especially when fractures are involved. Pain and swelling
limits the patient’s ROM in the elbow. For most physicians,
routine exams of the elbow are AP and lateral, while some
physicians also want to see an oblique image of the elbow.
To perform an AP projection of the elbow, have the patient
extend their elbow and supinate their hand. Injury or
previous casting may make this extremely difficult and
painful for the patient. When this is the case, I have the
patient place their forearm on a 45° angle sponge as they
begin to straighten it. I move the angle sponge away from
the elbow as they straighten until we reach the limit of
extension for that patient. I then allow them to rest their
forearm on the sponge. If they are having a difficult time
supinating the hand, I instruct them to roll their entire arm
from the shoulder to ease this movement. For the AP
projection of the elbow, the CR is directed perpendicular to
the center of the elbow joint. This demonstrates an open
elbow joint. The radial head, neck, and tuberosity is
visualized slightly superimposed
over the ulna. If the patient is in a
cast more than one image may be

Fig. 43 Elbow-position for AP projection

Fig. 44 Elbow-AP projection
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required to demonstrate the area of interest. Have the
patient place the elbow onto the IR and shoot directly into
the elbow joint. You may also have to lay both the humerus
portion and the forearm portions flat on the IR for
additional images to demonstrate the entire AOI.
For an AP oblique projection with medial rotation of the
elbow, the patient remains in the same position. The CR is
directed to the joint space, and the elbow is centered to the
IR. Ask the patient to pronate their hand. I place my hand
on their elbow to help prevent them from moving out of the
intended position when they pronate their hand. This allows
good visualization of the coronoid process. An AP oblique
lateral rotation may be done if the radial head, neck, or
radial tuberosity are of interest. Rotate the hand laterally
until elbow is at a 45º angle. CR is directed to elbow joint.

Fig. 45 Elbow-position for
oblique projection

Fig. 46 Elbow-oblique
projection

For the lateral projection of the elbow, have the patient flex
the elbow 90° and rotate the hand laterally 90° as well. I
stress the importance of keeping the humerus, the radius,
and the ulna in the same plane. You probably need to have
the patient lean down to place the humerus on the same
plane as the IR. The CR is directed perpendicular to the
elbow joint. Proper technical factors are especially crucial
on lateral exams of the elbow so that the fat pads are well
demonstrated. They are only seen on the lateral image of
the elbow, and in some cases an abnormal appearance of
the fat pads may be the only visible radiographic indication
of an elbow injury. If the lateral elbow image is
inconclusive another exam can be done with less flexion
(30° to 35°) to lessen the compression or stretching of the
soft tissues of the elbow.

Elbow Fractures
Elbow injuries are quite common in children because they
often fall onto their elbow during activities. Elbow fractures
account for 10% of all fractures in children.
There are several types of elbow fractures. A supracondylar
fracture is a fracture above the elbow in the distal humerus.
It is a common injury in children under the age of 8 and can
be serious because it can result in nerve damage.
Supracondylar fractures are rare in adults. Treatment
depends upon the amount of displacement.
Another type of elbow fracture is a condylar fracture. This
occurs through one of the condyles of the distal humerus,
more commonly the lateral condyle. Condyle fractures in
children must be treated carefully to avoid disruption of the
growth plate. A Type I fracture that is nondisplaced can be
immobilized in supination for a lateral condyle fracture and
in pronation for a medial condyle fracture. A displaced
fracture can either require a closed reduction percutaneous
pinning or if severely displaced may require an ORIF.
The prominences above the condyles are called the
epicondyles. An epicondylar fracture is most common on
the medial epicondyle and usually occurs in children 9 to 14
years old. A fracture can occur across the distal end of the
humerus though it is uncommon. These are seen in only 2%
of fractures in adults.
Olecranon fractures are common fractures of the elbow and
usually only involve the olecranon. These can occur by a
direct blow to the elbow, falling directly on the elbow with
the arm bent, or indirectly by falling on an outstretched arm
with the arm straight. This type of injury forces
hyperextension of the elbow causing the olecranon to be
pulled off the ulna. Treatment can be simple casting to more
extensive surgery with ORIF.
Radial head fractures account for one third of all fractures
in the elbow. Eighty-five percent of radial head fractures
occur in patients
between the age of 20
and 60 years old. A
Type I fracture is
usually treated with
early mobilization.
Type II fractures with
over 2 mm of
displacement are
treated with ORIF.
Type III or Type IV
fracture involve ORIF
and possible excision of Fig. 49 ORIF elbow fracture-lateral
the radial head and often projection
prosthetic replacement
of the radial head.

The Humerus
Humerus Anatomy
Fig. 47 Elbow-position for lateral
projection
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Fig. 48 Elbow-lateral projection

The most proximal portion of the upper extremity is the
largest and longest bone of the arm called the humerus. The
proximal end of the humerus is round with 2 protrusions
called the greater and lesser tubercles or tuberosities. The
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lesser tubercle is located on
the anterior surface
immediately below the
anatomic neck and the
greater tubercle is located on
the lateral surface below the
anatomic neck. The rounded
portion of the proximal
humerus (called the head)
articulates with the glenoid
process of the scapula in the
space called the glenoid
cavity. The proximal
humerus articulates with the
glenoid cavity of the scapula
to form the shoulder joint.
The shoulder joint
(glenohumeral joint) is the
most freely movable joint in
Fig. 50 Humerus anatomy
the body, but it is also the
most unstable joint in the
body. The shoulder joint is a
ball and socket joint with
the large humeral head
fitting into the much
smaller shallow, pear
shaped glenoid cavity of
the scapula. The glenoid
cavity is only one third
the size of the humeral
head which offers little
joint stability. The joint is
surrounded by an
articular capsule that
Fig. 51 Shoulder joint
encloses the joint and
allows for free movement.
The shoulder joint is capable of abduction, rotation,
adduction, flexion, and extension. Because the shoulder has
so much mobility, it allows for easier dislocation.
The main function of the rotator cuff is to hold the head of
the humerus in the glenoid cavity and to reinforce the
articular capsule, helping to prevent dislocations. It is made
up of 4 muscles, the supraspinatus, infraspinatus, teres
minor, and subscapularis muscles. Just below the tubercles
the humerus becomes narrower. This area is called the neck
of the humerus. Slightly more distal to the anatomical neck
is the surgical neck. This section of the humerus was given
this name because it is the most frequently fractured part of
the humerus.

To keep good alignment of the
humerus some physicians will use
a hanging arm cast to place
continuous traction on the
humerus. This is a long arm cast
with a sling attached to the
forearm portion of the cast
allowing for gravity to place
traction on the humerus. Patients
in this type of cast should sleep
erect or semi-erect and avoid
supporting the elbow on pillows.

Humerus Radiography

Fig. 52 ORIF humeral shaft
fracture-lateral projection

In most cases, humerus exams are
done to assess a mid-shaft injury. Routine exams of the
humerus include an AP projection and a lateral. For the AP
projection, have the patient stand or sit in front of the chest
board with the affected arm at their side, or be prone on the
x-ray table. Simply have them supinate the hand. This
externally rotates the humerus and places it in a true AP
projection. The CR is directed to the center of the shaft of
the humerus. On a properly positioned AP, the proximal
humerus at the shoulder appears
in external rotation and the
elbow is in the AP position.

Fig. 53 Humerus-position for AP
projection

Fig. 54 Humerus-AP projection

To perform the lateral projection of the humerus have the
patient turn their arm inward and place the palm of their
hand on their hip. This internally rotates the humerus and
places the elbow in the lateral position. If your patient has a
humeral shaft fracture and they
are immobilized, the lateral is
more difficult. One way to
perform this exam is to turn the

Humerus Fractures
Humeral shaft fractures usually occur from a fall or high
trauma accident such as a motor vehicle accident.
Approximately 1 in 20 fractures involves the humerus. If
the fracture has less than 20° of anterior angulation, less
than 30° of valgus or varus angulation, and less than 3 cm
shortening it can be treated in a functional brace. This is
usually a humeral cuff that is a hard plastic device that
immobilizes the humerus. If there is more angulation than
this an ORIF will be required with plate and screw fixation.
X-RAY NEWS VOLUME 27, ISSUE 3

Fig. 55 Humerus-position for lateral
projection

Fig. 56 Humerus-lateral
projection
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patient into a lateral position with the affected forearm
against the chest board. Then have the patient lean forward,
allowing their arm to relax outward away from the body.
This offers a good lateral of the mid shaft of the humerus.
If necessary, a transthoracic humerus could be performed if
no other exam can be obtained. For this projection, the
patient stands in the lateral position with the affected arm
against the board. Have the
patient raise the unaffected arm
above their head. The CR then
passes through the patient’s
body and the humerus is
superimposed by a lateral image
of the chest.

Fig. 57 Humerus-position for
transthoracic lateral projection

Fig. 58 Humerustransthoracic lateral
projection

Shoulder Radiography
A large portion of humerus fractures involve the proximal
portion of the humerus and is assessed with exams of the
shoulder. An exam usually performed of the shoulder is a
scapular Y. It is a PA oblique projection. It demonstrates
the humeral head directly over the junction of the Y. The
body of the scapula forms the bottom of the Y. The
acromion process and the coracoid process form the top or
V part of the Y. With this position the scapula should be
seen in lateral position with no superimposition of the chest
cavity. The humerus should be demonstrated in the
immediate center of the scapula.

Fig. 59 Shoulder-position for
scapular Y projection

Fig. 61 Shoulder-position for
superoinferior axial projection

Fig. 62 Shoulder-superoinferior
axial projection

If the patient is unable to abduct the arm far enough from
the body to perform the superoinferior axial projection, this
can be modified using a Velpeau technique. The patient
may either stand or sit at the end of the x-ray table with
their back to the table. The IR is placed on the tabletop with
the CR directed perpendicular to the center of the IR. The
patient leans backward over the table until their body is at a
45° angle with the IR. The CR should enter superiorly at the
top of the shoulder at the glenohumeral joint. The
relationship of the humeral head to the glenoid fossa is
demonstrated.
To clearly demonstrate the joint
space of the humeral head and
the glenoid cavity an AP
oblique (Grashey Method)

Fig. 60 Shoulder-scapular Y
projection

Place the patient facing the chest board and rotate them so
that the affected shoulder is in the center of an IR and the
patient’s mid coronal plane is at a 60° angle from the IR.
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The CR is directed perpendicular to the scapulohumeral
joint. The patient can be either upright at the chest board or
recumbent on the x-ray table. Upright is more comfortable
for the elderly patient or patients with fractures and may
make it easier for the radiographer to get quality
radiographs.
Another routine exam of the shoulder and proximal
humerus is the superoinferior axial projection. It
demonstrates the relationship of the proximal humerus and
the glenoid cavity. Place the patient on a stool next to the
table and lean them laterally over the table with the affected
shoulder joint over the IR. Instruct the patient to place their
underarm or armpit in the center of the IR. The elbow
should be resting on the table flexed at a 90° angle with the
hand prone position. The CR is angled 5° to15° toward the
elbow and directed through the shoulder joint. The image
demonstrates the relationship of the proximal humerus with
the glenoid cavity. Dislocations can often be seen on this
image when they are inconclusive on other projections.

Fig. 63 Shoulder-position for AP
oblique projection

Fig. 64 Shoulder-AP oblique
projection

X-RAY NEWS VOLUME 27, ISSUE 3

projection is performed. Rotate the patient 35° to 45°
towards the affected side until the scapula is parallel with
the IR. Abduct the arm slightly while internally rotating the
humerus. The CR is directed perpendicular to the glenoid
cavity at a level 2-inch medial and 2-inch distal to the
superolateral border of the shoulder. This projection
demonstrates the glenoid cavity in profile providing a true
AP of the shoulder joint.
If a fracture of the greater or lesser tuberosity is suspected,
the physician may request an internal or external rotation
AP projection. Place the patient with their back against the
chest board or prone on the x-ray table so that the scapula is
parallel to the plane of the IR. Direct the CR 1-inch inferior
and 1-inch medial to the coracoid process. Ask the patient
to supinate the hand, thus placing the coronal plane of the
epicondyles parallel to the plane of the IR. This image best
demonstrates the greater tuberosity of the humerus in
profile.

Fig. 65 Shoulder-position for AP
internal rotation projection

Fig. 66 Shoulder-AP internal
rotation projection

The patient remains in the same position for the internal
rotation exam. The only change is in the position of the
arm. Have the patient internally rotate the hand and place
the back of their hand on their hip. For most people this
requires slight flexion of the elbow to achieve good internal
rotation of the humerus. This image best demonstrates the
lesser tuberosity of the humerus in profile.

Shoulder Fractures
In a fracture of the glenoid, usually
conservative treatment is
appropriate. The patient is placed in
a sling or shoulder immobilizer and
the fracture is watched closely for
signs of healing. If there is a
fracture of the glenoid with greater
than 25% displacement involving
subluxation of the humerus and
intraarticular displacement of
greater than 5 mm, ORIF is
required.
For shoulder dislocations, closed
reduction is usually performed
followed by a period of
immobilization. This depends upon

the age of the patient. Younger
patients require a longer period
of immobilization. Patients
who experience anterior
shoulder dislocations have an
85% chance of having another
dislocation. It is common in a
posterior shoulder dislocation
for the patient to sustain a
lesser tuberosity fracture as
well. Unless severely
Fig. 68 ORIF proximal humerus
fracture
displaced, the fracture is
watched until healed while the
patient is immobilized.
Fractures of the humeral head and neck are the most
common injury to the humerus. The fracture can have a
single break or multiple breaks. A greater tuberosity
fracture rarely occurs as a single fracture but is usually
accompanied by at least one more fracture in the humerus.
Often a greater tuberosity fracture is the result of an anterior
shoulder dislocation and usually also results in a subsequent
rotator cuff tear since a portion of the cuff is attached at the
greater tuberosity. An isolated greater tuberosity fracture is
seen in less than 2% of proximal humerus fractures.
If the fracture is left to heal on its own, it often leads to
significant shoulder impingement reducing ROM.
Displacement of greater than 5° to 10° requires ORIF. A
one-part proximal humerus fracture
is usually treated in a sling and early
ROM. A two-part proximal humerus
fracture can require observation if it
is stable or may require either a
closed reduction percutaneous
pinning or even an ORIF. If a
proximal humerus fracture involves
3 or 4 parts, it most often requires
surgical repair. For a three or fourpart fracture in young patients an
ORIF is most likely performed. For
a three or four-part humeral
Fig. 69 Total shoulder
fracture in elderly patients a total
arthroplasty-Grashey
shoulder arthroplasty is usually the method
most appropriate treatment.

The Clavicle
Clavicle Anatomy

Fig. 67 Proximal humerus
fracture-conservative
treatment
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Although the clavicle is not
actually considered part of the
upper extremity, it is usually
evaluated and treated as such,
since it is important to the
function of the upper
extremity. The clavicles are
slender, double curved bones
that extend horizontally from
the acromion of the scapula to
the manubrium of the sternum.
The clavicle acts as a fulcrum
for lateral movement of the arm

Fig. 70 Clavicle
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and serves as an attachment for the upper extremity. It is an
anterior brace that holds the scapula and arm away from the
upper, narrower portion of the thorax. It is the last bone in
the body to completely fuse, usually around the age of 25
years. The clavicle is attached to the body medially at the
manubrium of the sternum at the sternoclavicular joint. It
attaches laterally at the acromion of the scapula at the
acromioclavicular joint. These joints are maintained by
ligaments that hold the ends of the bones together.

Clavicle Radiography
Appropriate imaging for a clavicle fracture is in most cases
an AP and an AP axial projection. For the AP projection,
the patient may be
supine or erect. Adjust
the body so that the
clavicle is in the center
of the IR. Both ends of
the clavicle should be
demonstrated. Arms
are relaxed at the
patient’s side. Direct
the CR perpendicular
to the mid-shaft of the
Fig. 71 Clavicle-position for AP
clavicle.
projection
To prevent
superimposition by the
superior ribs, an AP axial
projection is performed.
This is accomplished
with patient position or
with a cephalic tube
angle. Angling the tube
is safer for the patient
Fig. 72 Clavicle-AP projection
and much easier to
perform. If using the
tube angle, the patient stays in the same position as they
were for the AP projection. The CR is angled 15° to 45°
cephalad depending upon the body habitus of the patient. A
thin patient requires more angulation while a thicker patient
requires less angulation. Again, the CR enters the mid-shaft
of the clavicle. The clavicle is projected above the ribs free
from superimposition. This allow the clavicle to be seen
more clearly.

Clavicle Fractures
The clavicle resists compression poorly and therefore
fractures easily when a person uses outstretched arms to
break a fall. It can also be fractured with a direct injury to
the clavicle. Fortunately, the way that the clavicle is curved,
in most instances it fractures anteriorly away from the
body, rather than posteriorly, which could cause damage to
the subclavian artery or the superior lung fields.
Eighty-five percent of all clavicle fractures occur in the mid
one third of the clavicle. If there is displacement it is
usually superior displacement of the medial fragment
secondary to the resistance of the sternocleidomastoid
muscle while the lateral fragment is pulled inferiorly by the
weight of the arm. Fracture of the distal one third of the
clavicle accounts for only 10% of clavicle fractures. If the
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ligaments remain intact the fractures
fragments remain in alignment. If
the ligaments rupture, there may be
wide displacement of the fracture
fragments.
If the fracture is non-displaced, the
patient receives conservative
treatment. With conservative
treatment, depending upon the
treating physician, the patient is
placed either in a figure 8 brace or a
sling. For a severely displaced clavicle Fig. 73 Conservative
fracture, more aggressive treatment is treatment clavicle
fracture-AP projection
required. Treatment will likely
involve ORIF of the fracture. The
method of the ORIF depends upon the preference and
training of the orthopaedic physician treating the patient and
the specific type of clavicle fracture.

Fig. 74 Percutaneous pinning
clavicle fracture-AP projection

Fig. 75 ORIF clavicle fracture-AP
projection

The Foot
Foot Anatomy
We begin with the most distal portion of the lower
extremity. Seven tarsal bones make up the proximal portion
of the foot. They are the talus, calcaneus, navicular, cuboid,
the cuneiform bones which consist of the medial,
intermediate, and lateral. Body weight is carried primarily
by the talus and the
calcaneus bones of the
foot. The cuboid and the 3
cuneiform bones articulate
with the 5 metatarsals to
form the sole of the foot.
Each of the 5 metatarsals
articulates with their
corresponding phalanges to
complete the distal end of
the foot (toes). The first
digit only has 2 phalanges,
the proximal and distal,
while digits 2 through 5
each have 3 phalanges, the Fig. 76 Foot anatomy
proximal, middle, and
distal.

Toe Radiography
Routine radiographs of the toes and feet include AP,
oblique, and lateral projections. If the injury is a toe only,
AP, oblique, and lateral projections of a specific toe may be
taken rather than, or in addition to, foot radiographs. When
radiographing the toes, it is important to get the digit as
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close to the IR as possible and to properly separate the
affected toe from the other toes so there is no
superimposition of other structures. This can be
accomplished with a radiolucent object such as a tongue
depressor and/or tape. If a fracture is involved, positioning
may be more painful for the patient and challenging to the
radiographer. If the overall toe is of interest and not a
specific joint space, the CR enters the affected toe at the
level of the metatarsophalangeal joint.
AP projection of the toes or foot requires the knee to be
bent placing the plantar surface of the foot on the IR. The
AP projection can be either an AP projection with a
perpendicular CR or AP axial projection. The AP axial
projection requires a 15º tube tilt posteriorly. The CR is
directed through the third metatarsophalangeal (MTP) for
either. The joint spaces are best demonstrated with an axial
projection.

Fig. 82 Toes-lateral projection

is jammed into a solid or
immovable object such as a
piece of furniture or a door
facing. Most toe fractures are
minor and do not require surgical repair. Treatment usually
involves buddy taping the injured toe to another adjacent
toe or toes to give it stability, and to have the patient wear a
protective shoe. The shoe is usually rigid on the bottom to
allow for partial immobilization and protection of the
affected toe. If the fracture fragments of the great toe are
significantly displaced, percutaneous pinning, or even an
ORIF, may be required. Open fractures of any of the
Fig. 81 Toes-position for
lateral projection

phalanges may require surgical treatment.
Foot Radiography

Fig. 77 Toes-position for AP
projection

Fig. 78 Toes-AP projection

For the AP oblique projection of the toe, medially rotate the
patient’s foot and leg to place the foot at a 30° to 45° angle
to the plane of the IR with the CR entering the toe at the
MTP joint.

Fig. 79 Toes-position for
AP oblique projection

Fig. 80 Toes-AP oblique
projection

Which lateral projection to use, depends on the toe being
radiographed. The first and second digits are best visualized
with a lateromedial projection. The third, fourth, and fifth
digits are better visualized with a mediolateral projection.
Patient age and condition also play a large role in this
decision. Again, the CR is directed to the MTP joint.
Most fractures of the toe occur from an injury when the toe
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Just like the toes, radiographs of the foot begin with an AP
projection. This can be either an AP projection with
perpendicular CR or an AP axial projection.
The patient can be seated or supine on the table. Flex the
knee of the affected side and place the entire foot on the IR.
Check for rotation of the foot. For the AP projection, the
CR is perpendicular to the IR entering at the base of the
third metatarsal. The AP axial projection has a posterior
tube tilt of 10º with the CR entering the base of the third
metatarsal.

Fig. 83 Foot-position for
AP projection

Fig. 84 Foot-AP projection

For the oblique projection of the foot, medial rotation is
usually preferred. The patient begins in the same position as
the AP projection. Rotate the affected leg medially until the
plantar surface of the foot elevates off the IR forming an
angle of 30º to 45º to the plane of the IR. There is no tube
angle. The CR is directed perpendicular to the base of the
third metatarsal.
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For the lateral
projection of
the foot, a
mediolateral
projection is
most often
used for
patient
comfort. Have
the patient
place the
affected foot
Fig. 85 Foot-position for
medial oblique projection
on its lateral
side until the
entire lateral surface of the foot
Fig. 86 Foot-medial
touches the IR. Dorsiflex the foot until oblique projection
it forms a 90º angle with the
tibia/fibula. The CR is
directed to the base of the
third metatarsal. Weightbearing projections of the
foot may be performed to
rule out stress fractures.
Injury to the calcaneus may
require additional evaluation.
The lateral projection of the
calcaneus is positioned like
the lateral projection of the
foot. The CR is directed to
Fig. 87 Foot-position for medial
the midportion of the
lateral projection
calcaneus.
The other standard
projection for
calcaneus evaluation
is an axial
projection. The
patient is supine
with the leg
extended. Use a long
Fig. 88 Foot-medial lateral projection
piece of gauze or a
thin towel wrapped
around the ball of the foot, have the patient pull back until
their foot is in extreme dorsiflexion. The plantar surface of
the foot should be perpendicular to the IR. The CR is
directed to the base of the third metatarsal with a cephalic
angle of 40°. Often 2 radiographs are required to properly
demonstrate the entire calcaneus, one to demonstrate the
tuberosity and one, with more density, to demonstrate the
subtalar joint.

Types of Foot Fractures
The foot can have many different types of fractures. Almost
one quarter of the bones in the body are in the feet. The feet
are required for movement and support. Fractures of the
foot can be very painful and very debilitating. They can
drastically affect lifestyle and function.
Stress fractures occur very frequently in the metatarsals of
the foot. A stress fracture is an overuse injury that is seen
often in runners and other athletes. People who train for
marathons or drastically increase their workout regimen or
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the frequency of it may experience a stress fracture. The
second and third metatarsals are the most common
metatarsals to sustain stress fractures. Stress fractures can
occur in any bone but are most prevalent in the lower
extremity. Most stress fractures do not require surgical
treatment, especially those in the foot. Treatment usually
involves a period of rest and protection. The physician
recommends that the patient do a non-weight-bearing type
of activity for exercise, such as swimming and cycling. If
the patient is compliant, the stress fracture should heal in 4
to 6 weeks.
A Lisfranc injury is an injury to
the mid-foot, in which one or more
of the metatarsals are fractured
and/or displaced from the tarsals.
The mid-foot is important in the
act of walking. This joint complex,
involving the 5 tarsometatarsal
(TMT) joints, is called the Lisfranc
joint. It was named after Jacques
Lisfranc, a French surgeon from
the 1800s. The Lisfranc complex
helps to stabilize the arch of the
foot. The metatarsals in the
midfoot are stabilized with
Fig. 89 Lisfranc injury
ligaments except for the first
courtesy of James Heilman,
metatarsal. It is not connected to the Image
MD, CC BY-SA 4.0 <https://
creativecommons.org/licenses/byremaining metatarsals, thus making
sa/4.0>, via Wikimedia Commons
it more prone to injury. A Lisfranc
injury is usually the result of a low
twisting type injury. It can be serious and can take many
months to heal completely. Weight-bearing exams may be
required to clearly diagnose this type of injury. Surgery is
recommended if there is any displacement of the fractured
metatarsals. ORIF is usually required. After surgery, the
patient is immobilized and non-weight-bearing for at least 6
to 8 weeks. For most of these injuries, the hardware is
removed after the fractures are healed and before the patient
can return to any heavy, impact loading
activity.

Fig. 90 ORIFmetatarsal
fracture-AP
projection

Fig. 91 ORIFmetatarsal fracturelateral projection

Fig. 92 ORIFmetatarsal fractureoblique projection

Fractures to the fifth metatarsal are also common injuries. A
Jones fracture is a fracture involving the base of the fifth
metatarsal at the metaphyseal-diaphyseal junction. The
physician uses history and exam to determine if this is an
acute Jones fracture or a chronic Jones fracture secondary to
a non-healed stress fracture. For an acute fracture that is
only minimally displaced, surgery is not usually required. A
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Fig. 93 Jones fracture Image courtesy
of Mdscottis, CC BY-SA 3.0 <https://
creativecommons.org/licenses/by-sa/3.0>,
via Wikimedia Commons

Fig. 94 Healed metatarsal
fracture-AP projection

non-weight-bearing cast is used for 6 to 8 weeks for
healing. For displaced or chronic Jones fractures, screw
fixation is usually required. Many weeks of non-weightbearing immobilization are required. Jones fractures have a
high rate of treatment failure. Return to activities too early
is almost always indicative of failure. It is important that
the patient understand the need for compliance for an
optimal outcome.

diagnosis is usually given when a patient has extreme pain
that has not improved with the normal methods of pain
medication, icing, and elevation. This can lead to muscle
and nerve damage if not treated quickly. Surgery is required
to relieve the pressure within the soft tissues.
Fractures can also occur within the other tarsal bones, many
times requiring surgical treatment. For a navicular fracture,
the most common injury is a dorsal lip (a bony prominence
on the posterior aspect of a bone) avulsion that requires a
short leg cast. A navicular tuberosity fracture requires ORIF
if it involves the joint or if it is displaced. For a fracture in
the body of the navicular, ORIF is required. A stress
fracture to the navicular requires a short leg cast, and the
patient is non-weight-bearing for approximately 6 weeks.
Talar fractures are sometimes classified as ankle fractures
because the talus of the foot articulates with the distal
articular surface of the tibia, and the medial and lateral
malleoli, to form the ankle joint. The most common fracture
of the talus is a talar neck fracture. This is seen in 50% of
all talus fractures. It is usually caused by a fall when the
foot is forced into dorsiflexion. It is classified in levels of
severity depending on how much displacement is involved
and if dislocation is present along the many different joint
surfaces. A displaced fracture requires ORIF with the
patient non-weight-bearing for approximately 10 to 12
weeks. There is an increased risk of osteonecrosis and posttraumatic arthritis with an injury to the talus.

The Ankle
Ankle Anatomy
Fig. 96 Healed metatarsal
fracture-lateral projection
Fig. 95 Healed metatarsal
fracture-oblique
projection

Calcaneus fractures usually occur
from a high energy event such as
a car accident or a fall onto the
feet from a great height. Fractures are usually severe and
often lead to long term problems. These injuries can
involve either extra-articular (not involving the articular
surfaces) or intra-articular fractures. For non-displaced
fractures, non-weight-bearing immobilization is required
for approximately 6 to 8
weeks. For a displaced
fracture, surgery is required. If
there is no damage to the soft
tissues the surgeon will wait
for a period to allow the
swelling to decrease before
surgery. Wound complications
occur in 10% to 20% of
Fig. 97 Calcaneus fracture Image
calcaneus fractures. The risk of courtesy of Jojo, CC BY-SA 3.0 <http://
creativecommons.org/licenses/by-sa/3.0/
complication is increased with
>, via Wikimedia Commons
smoking and in diabetics.
Compartment syndrome occurs
in 10% of cases.
Compartment syndrome is a condition caused by swelling
that can develop after an injury when pressure increases
within the muscle compartments around the injury. The
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The distal end of the tibia is somewhat flattened, except for
its most medial border at a bony projection called the
medial malleolus. The flattened end of the tibia articulates
with the talus of the foot to form the ankle joint. The distal
end of the fibula is pointed and articulates with the talus.
This is called the lateral malleolus. The lateral malleolus of
the fibula and the medial malleolus of the tibia form the
medial and lateral borders of
the ankle joint. The ankle joint
is a hinge joint which allows
mainly flexion and extension
movements. The ankle can
also perform inversion and
eversion movement. As stated
earlier, there are 7 tarsal bones
of the foot. The 2 largest and
most posterior tarsal bones are
the talus and the calcaneus.
The talus articulates with the
distal tibia/fibula and rests
Fig. 98 Ankle anatomy
superiorly on the larger,
stronger calcaneus bone (heel
of the foot).

Ankle Radiography
Routine radiographic projections of the ankle are AP,
oblique (mortise), and lateral. The patient extends their leg
out straight with the toes pointing straight up for the AP
projection. It is important during all ankle radiographs that
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the foot is in dorsiflexion to open the joint
space of the ankle. The CR is directed
perpendicular to the center of the ankle
joint midway between the malleoli.
For the AP
oblique of the
ankle the leg
and foot should
be medially
rotated 15° to
20º until the
intermalleolar
Fig. 100 Ankleplain is parallel
position for AP
Fig. 99 Ankle-position for AP
with the IR.
projection
projection
The CR is
directed
perpendicular to
the ankle joint.
This AP oblique
demonstrates the
mortise joint.
For the lateral
projection of the
ankle, position
the patient so the
Fig. 101 Ankle-position
Fig. 102 Ankle-oblique
CR passes
for oblique projection
projection
through the
center of the
ankle joint. For patient comfort, it is often best to do the
lateral in a mediolateral projection. The foot must be
dorsiflexed to prevent lateral rotation of the ankle.

level of the ankle joint, the tibiofibular syndesmosis is
intact, deltoid ligament intact, medial malleolus often
fractured, and the fracture is usually stable.

•

A Weber B ankle fracture is at the level of the ankle
joint, syndesmosis can be intact or partially torn but
there is no widening of the tibiofibular joint space,
medial malleolus may be fractured, and the deltoid
ligament may be torn, fracture may or may not be
stable.

•

A Weber C ankle fracture is above the ankle joint with
syndesmotic disruption and widening of the distal
tibiofibular articulation, medial malleolus fracture and/
or deltoid ligament injury usually present and the
fracture is unstable requiring ORIF.
The talus is part of the ankle mortise and is routinely
evaluated in ankle radiography. The talus, the distal tibia,
and the distal fibula form the ankle mortise. Close
evaluation is given to the mortise to be sure that there is no
instability. Displacement of more than 4 mm medially and 2
mm superiorly of the ankle mortise usually requires surgery.
Fractures of the distal tibia/fibula near the ankle joint often
involve the medial, lateral, and/or posterior malleoli
(posterior malleolus is the posterior lip of the tibial plafond,
which is the distal articular surface of the tibia). The
fracture can include 1 malleolus, both malleoli (bimalleolar), or all 3 malleoli (tri-malleolar).

Fig. 106 Bimalleolar
fracture-AP
projection
Fig. 104 Ankle-lateral
projection

Fig. 103 Ankle-position
for lateral projection

Types of Ankle Fractures
Ankle fractures are common injuries that can happen at any
age. Approximately 184
out of every 100,000
people have an ankle
fracture each year. A
classification for ankle
fractures called the Weber
classification was first
described in 1949 by
Robert Denis and later
made popular in 1972 by
Bernhard Weber.

•

A Weber type A ankle
fracture is below the
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Fig. 105 Weber classification Image
courtesy of DrFO.Tn, CC BY 4.0 <https://
creativecommons.org/licenses/by/4.0>, via
Wikimedia Commons

Fig. 107 Bimalleolar
fracture-lateral
projection

Fig. 108 Bimalleolar
fracture-oblique
projection

The most common type of fracture to the fibula is a
supination and external rotation injury that is usually
classified as a Weber B injury. This is an oblique fracture of
the lateral malleolus seen at the level of the syndesmosis. If
the fracture is stable, non-operative treatment with casting
would be appropriate. Surgery is required with ORIF if
there is more than 5 mm of displacement. Severe
displacement of a lateral malleolus fracture can lead to
distorted weight-bearing of the talotibial joint and can lead
to early degeneration. If the medial malleolus (distal tibia)
is fractured in the coronal plane, or if it is comminuted,
ORIF is required, but may be a difficult surgery as it may be
hard to get screws to hold into the bone fragments.
Medial malleolar fractures often also involve talar neck
fractures, cuboid fractures, and deltoid ligament injuries.
As previously stated, other malleoli may also be involved.
Avulsion fractures, bone fractures which occur when a
fragment of bone tears away from the main mass of bone
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because of
physical trauma,
or minimally
displaced
fractures of the
medial malleolus
may be treated
non-surgically
with casting. A
posterior
malleolus
Fig. 110 ORIF
Fig. 109 ORIF
bimalleolar fracturebimalleolar fracture-AP
fracture is
lateral projection
projection
usually
involved with
the trifecta of a tri-malleolar fracture. Surgery is indicated if
greater than 25% of the posterior articular surface is
involved, the fracture is displaced more than 2 mm, or there
is an ankle dislocation. The tibial articular surface of the
fractured fragment must be large enough to provide a stable
weight-bearing surface. The fractures are repaired with
cancellous screw (a screw with relatively coarser thread and
often with a smooth, unthreaded portion, which allows it to
act as a lag screw and to anchor in soft medullary bone) and
plate fixation with a period of casting and non-weightbearing for approximately 8 weeks. One of the concerns
with distal tibia/fibula fractures is the possibility of
extension into the ankle joint space requiring ORIF.
Another concern with ankle injuries and fractures in young
athletes is epiphyseal injury (injury to the growth plate).
Injury to this region can cause delayed fusion of the growth
plate, delayed growth of that area of the ankle, or
permanent arrest of growth in that area with a non-union of
the epiphysis. These injuries can lead to deformities in the
ankle and leg length discrepancies that may cause problems
later in life for these athletes. Ankle fractures in children
occur most often between the ages of 10 to 15, about the
time that they begin to play organized sports. As the child
grows and the growth plates fuse, epiphyseal injury
becomes less of a concern.

The Tibia and the Fibula
Tibia and Fibula Anatomy
Two bones form the
lower leg, the tibia,
and the fibula; they
are connected by an
interosseous
membrane and
articulate with one
another proximally
and distally. Their
design is like the
radius and ulna except
that little to no
movement is allowed
between the bones of
the tibia and fibula.
While this makes the
lower leg less

Fig. 111 Lower extremity anatomy
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flexible than the forearm, it is stronger and more stable,
which aids in supporting the body in the upright position.
The weight of the body travels down the femur to the tibia,
and finally to the foot. Because of this the tibia must be a
strong bone. It is the second largest and strongest bone in
the body after the femur. The shaft of the tibia is somewhat
triangular (rather than round) and its most anterior border is
sharp (like the point of the triangle). This sharp border is
called the anterior crest (shin). Neither the anterior crest nor
the medial surface of the tibia is covered by muscle and can
be felt just below the skin’s surface. The tibia helps form
both the knee and ankle joints.
The fibula is a non-weight-bearing stick-like bone that is
slightly wider at each end. Its proximal head articulates with
the tibia (at the facet) forming the tibiofibular joint. Its
distal end is pointed and articulates with the talus of the
ankle. The purpose of the fibula is to aid in stabilization of
the ankle joint and for muscle attachment.

Tibia and Fibula Radiography
To evaluate the tibia and
fibula, AP and lateral
projections are routinely
performed. To perform the AP
projection, place the patient
supine on the x-ray table with
the legs extended. Place the IR
directly under the tibia/fibula
(tabletop). Flex the ankle 90º
Fig. 112 Tibia/fibula-position
with femoral condyles parallel
for AP projection
to the tabletop. Direct the CR
perpendicular to the mid shaft of
the tibia/fibula. Both joint spaces
should be included on the image. If
both joints cannot be demonstrated on
1 image, include the joint nearest to the
area of injury on the first radiograph
and perform a second radiograph to
include the opposing joint.
To perform the lateral projection, have
the patient turn onto the affected side.
Make sure the opposite leg is not in the
AOI. The epicondyles of the femur and
the patella should be perpendicular to
the IR. Direct the CR to the mid shaft
Fig. 113 Tibia/fibula
AP projection
of the tibia.

Fig. 114 Tibia/fibula-position for
lateral projection

Fig. 115 Tibia/fibulalateral projection
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For a more in-depth study of the lower leg, oblique
projections may be requested. Two radiographs are
obtained, one with 45º medial rotation and one with 45º
lateral rotation. The setup is the same as the AP projection.
The CR is once again centered to the mid shaft of the tibia/
fibula (from the oblique plane).

Types of Tibia Fractures

Fig. 116 Tibia/fibula-position
for oblique projection

Fig. 117 Tibia/fibula-oblique
projection

Stress fractures are common in the tibia. They are often
seen in runners and other high impact athletes. If not treated
properly, the stress fractures can become complete
fractures, breaks involving the entire width of the bone.
More than 50% of all types of stress fractures involve the
lower leg. The best treatment for this type of injury is to
stop high impact activities and rest the leg. A fracture in the
tibia can take a long time to completely heal. This can be a
frustrating injury for active individuals. It usually requires a
long period of no weight-bearing or limited weight-bearing
using crutches. Because the bones in the lower leg are so
close to the skin without a lot of surrounding tissue to
protect it, this is often the site of an open fracture. A lower
leg fracture can involve just the tibia, rarely just the fibula,
and often both bones are fractured.
A tibial shaft fracture is the most common fracture in long
bones. Depending upon age, acceptable displacement in
tibial shaft fractures varies. In some cases, up to 50% of
displacement is acceptable if closed reduction and casting
are performed. In many instances a long leg cast can be
applied with 3-point molding to put the fracture fragments
in better alignment. The long leg cast is necessary to
prevent any rotation at the knee which may further displace
the fracture fragments. A bend in the knee, when placing
the cast, also helps to prevent the patient from walking on
the cast. As the fracture begins to heal, the cast can be

Fig. 118 Distal
tibia/fibula fractureAP projection
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Fig. 119 Distal
tibia/fibula fracturelateral projection

Fig. 120 Distal
tibia/fibula fractureoblique projection

reduced to a short leg stabilizing type cast. As healing
continues, the patient can bear weight and may also be
placed in a functional brace to allow flexion of the ankle
joint.
More than 50% of displaced tibia fractures require surgery.
The surgery usually involves a technique called
intramedullary nailing (IM nailing). Once the fracture
fragments are reduced, a long rod is placed into the
intramedullary canal (the marrow cavity of a long bone) of
the leg to hold the fragments in place. The rod will remain
permanent. If stability of the fracture is still a concern, the
leg is likely placed in a cast and the patient is either nonweight-bearing or touchdown weight-bearing until healing
is seen. Complications of IM nailing can be a gap at the
fracture site leading to non-union.
Fractures to the most proximal portion of the tibia are often
tibial plateau fractures. Sixty percent of these fractures
involve the lateral portion of the tibial
plateau. This type of fracture can have
a minimal displacement to severe
displacement that requires surgery. If
there is less than 3 mm of articular
step off and the knee is stable in full
extension, surgery is not required. A
cast or brace with early range of
motion and a period of non-weightbearing is required. If the step off is
more than 3 mm and/or there is
Fig. 121 Minimally
condylar widening of more than 5 mm,
displace tibia/fibula
surgery is required with ORIF. All
fracture–lateral
medial plateau fractures require surgery projection
and all bicondylar fractures require
ORIF.

The Knee
Knee Anatomy
The proximal end of the tibia is broad with 2 prominent
processes that have a smooth concave surface to
accommodate the condyles of the femur. These concave
areas of the tibia are the medial and lateral condyles. Yes,
there are medial
and lateral
condyles on both
the femur and the
tibia. Between
these 2 condyles
is a bony
projection called
the intercondylar
eminence (tibial
spine) with its 2
tubercles
separated by a
groove. This
prominence can
vary in size from
person to person
Fig. 122 Knee anatomy
or can be absent
entirely. On the
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lateral surface of the tibial condyle is a facet (indentation)
that articulates with the head of the fibula. On the anterior
surface of the tibia, just inferior to the condyles, is a large
rough area called the tibial tuberosity. This area serves as
the point of attachment for the patellar ligaments. The distal
femur broadens and ends at the lateral and medial condyles,
which articulate with the condyles of the tibia to help form
the knee joint. The anterior or patellar surface of the distal
femur between the 2 condyles is smooth and articulates
with the patella. The patella or kneecap serves to protect the
knee joint anteriorly and improves the leverage of the thigh
muscles as they cross the knee joint. Between the 2
condyles, on the posterior surface of the distal femur, is the
intercondylar notch. Just above each condyle are sites of
muscle attachments called the medial and lateral
epicondyles (the word epi in this setting means upon.) The
epicondyles lie upon the condyles. The distal portion of the
femur articulates with the proximal portions of the lower
leg forming the knee joint. The medial and lateral condyles
of the femur articulate with the medial and lateral condyles
of the tibia comprising the knee joint, which is the largest
and most complex joint in the body. It allows for extension,
flexion, and minimal rotation. It consists of 3 joints in 1
including the articulation between the patella and the lower
end of the femur (patellofemoral joint) and the lateral and
medial condyles of the tibia and femur collectively called
the tibiofemoral joint; all contained within 1 joint cavity.
The tibiofemoral joint is mainly a hinge joint but does
allow for some rotation when the knee is flexed. The knee
joint can absorb vertical force of 7 times the body weight
but is susceptible to horizontal blows and high-pressure
rotational movements, making it the joint most often victim
to sports injury.

Knee Radiography
Routine projections of the knee include an AP and lateral
and in most orthopaedic settings, an image of the patella is
obtained as well.
For the AP projection of the knee, the patient can be supine
or erect. A 10 x 12-inch IR is the appropriate size for
demonstration of the knee. The CR enters one-half inch
below the apex of the patella. The direction of the tube
depends on the patient’s measurement between the ASIS
and the tabletop. If the patient’s measurement is less than
19 cm, the tube tilt is 3° to 5º caudad, 19 to 24 cm requires
a perpendicular CR and above 24 cm has a 3° to 5º cephalic
tilt.

Fig. 123 Knee-position for AP
projection

Fig. 124 Knee-AP
projection
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The lateral projection of the knee can also be done erect or
recumbent. Have the patient roll onto the affected side if the
patient is recumbent. The unaffected leg should be bent and
moved forward in front of the affected leg and out of the
area of interest. Flex the knee 20° to 30. This relaxes the
muscles and shows maximum volume of the joint cavity.
Palpate the knee to ensure the inter-epicondylar line of the
femur is perpendicular to the IR. The condyles should be
superimposed. The patella should be perpendicular to the
IR. To achieve proper positioning without rotation, the heel
may need to be supported slightly off the table with a
sponge or towel. The CR should enter 1 inch distal to the
medial epicondyles of the femur with a 5° to 7 cephalic
angulation. The tube tilt prevents the joint space from being
obscured by the magnified shadow of the medial femoral
condyle. The image should demonstrate an open joint space
with the patella in profile. A horizontal or transverse patella
fracture is well demonstrated on a lateral image of the knee.
The femoral condyles should be superimposed. A vertical or
longitudinal fracture may not be seen on a lateral; however,
an AP or PA projection should show this type.

Fig. 125 Knee-position for
lateral projection

Fig. 126 Knee-lateral
projection

Patella images are obtained for many reasons. To evaluate a
fracture, a PA and a lateral projection of the knee are
sufficient. If a fracture of the patella is suspected, the lateral
should be done with the leg in full extension. The knee
should not be flexed more than 10º or so, to avoid further
displacement of the fracture fragments. To demonstrate the
patellofemoral joint space the most often preferred
projections of the patella are tangential projections. They
are done to assess the patellofemoral joint. There are several

Fig. 127 Patellaposition for lateral
projection

Fig. 128 Patella-lateral
projection
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methods to achieve this, and what really matters is the
patient’s condition and capabilities, as well as doctor or
radiographer preference.
The Hughston method requires the patient be placed prone
on the x-ray table. The affected knee should be flexed 50°
to 60 with the foot resting on the collimator box. Be sure
the collimator is not hot. Direct the CR 45º cephalad
through the patellofemoral joint. The image demonstrates
the patella in profile with an open patellofemoral joint.
Subluxation of the patella or a patellar fracture is likely
evident, if present.
You can also demonstrate the patellofemoral joint with the
Settegast method. For this method, the patient can be prone
or supine, but in my experience, supine is much easier on
the patient and the foot can be stabilized more effectively.
Have the patient slowly flex their knee until the patella is
perpendicular to the IR. Direct the CR thru the joint space
(between the patella and the condyles). The angle of the CR
is determined by the degree of knee flexion that the patient
can achieve. If the patient is prone, the IR is placed directly
under the knee with the CR directed toward the table. If the
patient is supine with the knee in extreme flexion and the
foot on the table, the IR is placed on the anterior surface of
the knee with the patient holding it steady. The CR is
directed toward the patient’s knee and upper body.

to the plane of the IR. Angle the CR 5° cephalad to enter the
knee just below the patellar apex. For the medial oblique
have the patient medially rotate their entire leg from the hip
to the foot, again placing the knee at a 45° angle to the
plane of the IR. The CR is directed the same as for the
lateral oblique.

Patella Fractures
Fractures of the patella can occur in any age group and
usually with a direct blow to the patella. This happens in car
accidents when the patient strikes the dashboard or if a
patient falls directly onto the knee cap. Patella fractures are
often difficult to see on the AP/PA projection, so a lateral is
crucial in diagnosis. At the time of the exam the physician
determines if the extensor mechanism of the knee is
functioning. If it is intact and the fracture is nondisplaced or
minimally displaced but stable, nonsurgical treatment is
appropriate. The patient is usually placed in a knee brace
that is locked out in full extension to prevent the patient
from further displacing the fracture. Full weight-bearing is
fine if the knee does not flex. If the extensor mechanism is
avulsed from the patella, the fracture fragments are
displaced more than 3 mm, or the fracture is comminuted,
ORIF is recommended. There are several treatment options
depending upon the degree of injury and surgeon
preference. Treatment may involve cannulated screw
fixation, tension band treatment, or a combination of both,
and for severely comminuted fractures, a partial
patellectomy may be required.

Fig. 130 Patella and patellofemoral
joint-tangential projection-Settegast
method
Fig. 129 Patella and
patellofemoral jointSettegast method

For further evaluation of patellar,
proximal tibia, or distal femur
fractures, AP oblique projections of the knee may be
requested. These projections are positioned just like the AP
projection. For the lateral oblique, have the patient laterally
rotate their entire leg from the hip to the foot to a 45° angle

Fig. 133 Fixation patella
fracture-AP projection

Fig. 134 Fixation
patella fracturelateral projection

The Femur
Femur Anatomy

Fig. 131 Knee-position for
medial oblique projection
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Fig. 132 Knee-medial oblique
projection

The lower extremity is important because it carries the
entire weight of the body when standing and receives
excessive force when we run or jump. Because of its weight
-bearing role, the femur is the largest, longest, and strongest
bone in the body. The length of the femur is about onefourth of a person’s height. The proximal end or head of the
femur is a ball shaped structure with a central opening
where the ligamentum teres attaches. This ligament of the
head of the femur attaches to the acetabulum to help secure
the femur to the pelvis. The head of the femur is attached to
the shaft by a short neck that angles laterally toward the
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shaft. The neck is the weakest part of the femur and is the
most common site of fracture in this long bone. At the point
where the neck attaches to the shaft are 2 bony
prominences. The lateral prominence is called the greater
trochanter, and the medial is called the lesser trochanter.
These protuberances offer attachment sites for muscles of
the thigh and buttocks.

Femur Radiography
Routine radiographs of the femur include an AP and a
lateral projection. For the AP projection have the patient
supine on the x-ray table with the legs extended. Be sure
there is no
rotation of the
pelvis.
Depending
upon the
patient, you
may or may not
be able to get
the entire
femur on one
IR. If both
joints do not
fit, include the
Fig. 135 Femur-position
Fig. 136 Femurone closest to the for AP projection
AP projection
area of interest
on the first radiograph and then get an additional AP
projection of the other joint unless directed otherwise.
Internally rotate the entire leg approximately 15° from the
hip to the foot. Direct the CR perpendicular to the center of
the IR.
For the lateral projection of the femur, have the patient roll
onto the affected side, if able. Move the unaffected leg in
front of the affected leg. This is a mediolateral projection.
Again, the same rules apply with visualizing both joints.
The CR again is directed to the center of the IR. If the
patient is unable to roll completely onto the affected side,
roll the hips and leg out as much as possible. You may need
to use a 45° angle sponge to help the patient hold the
position. The unaffected leg will be slightly behind the leg
of interest.

Fig. 137 Femur-position for
lateral projection

Fig. 138 Femur-lateral
projection

Types of Femur Fractures
Femur fractures can occur in any age. The number one
cause of femur fractures in infants is child abuse,
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accounting for 70% of these types
of fractures. It is also the leading
cause of femur fractures in children
ages 1 to 4. In older patients, the
most common cause is a car
accident or motorcycle accident
accounting for 90%. Being hit by a
car, falls from heights, and gunshot
wounds can also cause a femur
fracture. It is rare for femur
fractures to be treated nonFig. 139 Distal femur
surgically, if treated that way, it is
almost always for a child. In babies fracture-AP projection
under 6 months old, a Pavlik
harness (a brace used for babies
who have a hip disorder) may be
used after closed reduction of the
fracture to hold the bones in place,
allowing them to heal. In children
between the ages of 7 months to 5
years, a spica cast (used to keep
the lower body and one or both
legs from moving) may be used
combined with a closed reduction.
It is made of plaster or fiberglass.
This type of cast usually extends
Fig. 140 Distal femur
from the center of the chest to the
fracture-lateral
end of the fractured leg. Fractures of projection
the femoral shaft can occur in any
portion of the femoral shaft. Femur fractures are usually
treated like a tibia fracture with IM nailing.

The Hip
Hip Anatomy
The hip is one of the largest joints in the body. The head of
the femur articulates with the acetabulum of the pelvis and
forms the hip joint. The acetabulum is a socket formed at
the point of fusion of the ilium, ischium, and pubis. The
head of the femur and the acetabulum form a ball and
socket joint with a large range of motion (but not as large as
in the shoulder joint).
Unlike the shoulder joint,
the hip joint articulations
fit snugly together because
of the deep acetabular cup
and the surrounding
fibrocartilage called the
acetabular labrum. Hence,
unlike the shoulder, hip
dislocations are rare. The
Pelvic girdle Image courtesy of
acetabular labrum extends Fig.141
Original: U.S. National Cancer Institute;
from the rim of the
Vectorization: Fred the Oyster; German
kopiersperre/Rothwild, CC BY-SA 4.0
acetabulum to the neck of translation
<https://creativecommons.org/licenses/bythe femur, completely
sa/4.0>, via Wikimedia Commons
enclosing the joint.

Hip Radiography
Routine radiographs of the hip begin with an AP projection
of the pelvis. This is done to assess for loss of congruence
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Fig. 142 Pelvis-position
for AP projection

Fig. 143 Pelvis-AP projection

of the femoral head with the roof of the acetabulum on the
affected side as compared to the unaffected side. The
physician is looking at how each hip is positioned within
the acetabula. To perform the AP pelvis, the patient is
usually placed supine on the x-ray table. This can be done
standing at the chest board if the patient is unable to get
onto the table or if your facility only has an upright grid,
but it is usually more diagnostic if done supine, especially
in obese patients where abdominal fat may overlie the hip
joints in the upright position making it difficult to obtain
the appropriate density. Many orthopedists prefer weightbearing erect if possible. With the IR in the Bucky tray,
center the patient so that both hips are included. For most
orthopedists, the IR and CR are positioned lower than on a
standard AP pelvis to include more of the hip joints and
less of the iliac crests. The CR enters the patient at the
midsagittal plane at the level of the hip joints to ensure both
joints are on the radiograph. The patient’s feet and legs
should be internally rotated 15° to place the hip joints in
true anatomic alignment.
Once the AP pelvis is complete, a true AP projection of the
affected hip is required. The CR should enter the anterior
surface 2 inches distal to a line perpendicular to the
midpoint between the anterior superior iliac spine (ASIS)
of the ilium and the pubic symphysis. The femoral artery
lies midway between the ASIS and symphysis pubis and
the femoral pulse can be palpated where the artery overlies
the hip joint. There should be no rotation of the pelvis.
Unless contraindicated (suspected fracture or destructive
disease) internally rotate the foot and lower limb (making
sure the entire leg is rotated internally, and not just the foot)

15, with the long axis of the femur parallel to the long axis
of the IR. This image demonstrates the femoral neck in
profile with no foreshortening.
A lateral projection of the hip is also required. If the patient
is able, a frog-leg lateral (mediolateral) is performed. The
patient is either standing or supine but is much easier to
accomplish in the supine position. The variations of this
method are called the Lauenstein & Hickey methods. Have
the patient flex the knee of the affected side and rotate the
leg laterally until it is in the lateral position resembling a
frog leg. The Lauenstein method has a perpendicular CR to
the hip joint; the Hickey method requires a cephalic angle
of 20º to 25º with CR through the hip joint. The frog-leg
lateral demonstrates the relationship of the femoral head to
the acetabulum. The Lauenstein method demonstrates the
femoral neck overlapped by the greater trochanter while the
Hickey method demonstrates the femoral neck free of
superimposition of the greater trochanter.

Fig. 146 Hip-position for frog
-leg lateral projection

Fig. 147 Hip-frog-leg lateral
projection

If a patient has a fracture of the proximal femur, they may
not be able to assume the frog-leg position, but the
physician still needs to see a diagnostic lateral projection of
the hip to accurately diagnose and treat the patient. In this
instance an axiolateral projection is performed. It requires a
tabletop technique with a stationary grid or grid cassette. Be
sure that the patient’s body (pelvis, at least) is raised up
enough off the x-ray table with pillows or folded sheets to
ensure that the entire hip is demonstrated on the radiograph.
This mainly applies to thin adults or to children, since many
adults have enough padding. Flex the unaffected hip and
knee, raise it above the AOI and rest it on a suitable
support. The IR is placed vertically against the side of the
affected hip; angle the plane of the IR until it is parallel
with the long axis of the femoral neck. If the patient is
unable to hold the IR, support the position of the IR with
sandbags. The CR is perpendicular to the long axis of the
femoral neck.

Causes of Hip Fractures

Fig. 144 Hip-position for AP
projection
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Fig. 145 Hip-AP projection

As with many other bones in the lower extremity, the femur
is also a frequent site for stress fractures in runners and
other athletes. They seem to be more prevalent in older
women who do high impact exercise. They are usually
treated with rest and partial or non-weight-bearing
techniques for approximately 6 to 8 weeks. Return to high
impact activities is gradual. Approximately 2% of all
fractures in the elderly are hip fractures. They require
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surgery and, in many instances, cause the patient to lose
their mobility and function. Almost 25% of all these
patients die within the first year after their hip fracture,
secondary to complications, secondary to the injury, and the
long rehab process.
As longevity continues, it is expected the incidence of hip
fractures will increase. According to the American
Academy of Orthopaedic Surgeons, more than 300,000
patients are treated for hip fractures each year. The number
of people over the age of 65 is expected to double to 65
million by the year 2030 and the number over 85 is
expected to increase by 5 times to approximately 15 million
by 2050. The number of hip fractures at that time could
exceed 650,000 per
year. Caucasian postmenopausal women
have a 1 in 5 chance
of having a hip
fracture in their
lifetime. This is
secondary to
osteoporosis. Women
are 3 times more
likely to sustain a hip
fracture than men.
Elderly, who are frail,
Fig. 148 Medial fracture in a 92 year old
have arthritis, poor
woman Image courtesy of Wikipedia
balance or gait, or poor
eyesight are at
increased risk for a hip fracture.
Fractures can occur at the femoral neck (often called the
surgical neck because it is the most common site of a hip/
femur fracture) or they can be intertrochanteric fractures
occurring between the greater and lesser trochanters. If a
patient has multiple comorbidities and/or is non-weightbearing anyway, surgery may not be indicated. The fracture
will usually stabilize within 8 weeks and weight-bearing
may be resumed at approximately 12 weeks if the patient is
able. For most fractures, ORIF is required with screw and
plate fixation. Young patients can incur a femoral neck
fracture, though it is seen less often. For these patients often
a closed reduction and screw insertion into the femur
through the neck and into the femoral head will suffice. If
the reduction and screw fixation cannot be obtained, an
ORIF would be required.
For femoral head and neck fractures that are comminuted or
severely displaced, hemiarthroplasty is often the only way
to treat this type of injury. A hemiarthroplasty would
involve removal of the
femoral head and
replacement with a
ceramic or metal ball,
with a stem that fits into
the femur. The stem can
be press fit, where it is
tightly wedged into
place, or it can be
cemented. If the
Fig. 149 Hip Replacement
acetabulum is unaffected,
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it will be left alone. If there is injury to the acetabulum as
well, then a total hip arthroplasty would be performed. The
damaged portion of the acetabulum is removed, and a metal
socket is placed in the acetabulum. This is held in by screws
or cement. A plastic, metal, or ceramic spacer is placed
between the ball on the femoral stem and the acetabular
socket to allow for smooth gliding movements.
Complications of hemiarthroplasty can include femur
fracture, dislocation, and infection. Loosening and
migration can occur over time with the device. There is a
14% mortality rate for patients after a hip fracture.

Conclusion
Working with patients who have fractures can be an
exciting and rewarding part of radiography. The
radiographer with good skills and instincts will do well in
this environment. Each fracture and each patient are
different and requires different approaches to their care.
While some may need only a simple cast treatment, others
may require surgery, and long-term treatment. Radiographs
are the front line in diagnosis and treatment of fractures. A
skilled and compassionate radiographer would be an asset
to any facility where fracture care is needed.
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Extremity Fractures

DR-105 Post-Test
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Ruth Ann Cooper, R.T. (R) (ARRT) and Ann Watson, R.T. (R) (ARRT)
1.

2.

3.

4.

5.

6.

7.

8.

What types of fractures are the most common?
A. skull fractures
B. extremity fractures
C. spine fractures
D. facial bone fractures
Extremity fractures are seen most often in men younger
than what age?
A. 45
B. 35
C. 25
D. 15
Extremity fractures are more common in females after
what age?
A. 25
B. 35
C. 45
D. 55
What is the growth plate?
A. diaphysis
B. metaphysis
C. epiphysis
D. epiphyseal plate
Which Salter-Harris Type classification will likely result
in damage to the epiphyseal plate often leading to growth
arrest?
A. I
B. II
C. III
D. V
Placing the hand palm down will demonstrate what
position of the thumb?
A. PA
B. AP
C. oblique
D. lateral
What is the most common joint to be dislocated in the
body?
A. shoulder joint
B. PIP joint
C. hip joint
D. MCP joint
What is the most frequent type of thumb fracture?
A. Bennett’s fracture
B. Colles’ fracture
C. Rolando’s fracture
D. boxer’s fracture
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9.

10.

11.

12.

13.

Which metacarpal is involved in a boxer’s fracture?
A. first
B. third
C. fourth
D. fifth
Which carpal bone may be fractured if the patient has pain
in the anatomic snuff box?
A. capitate
B. scaphoid
C. pisiform
D. trapezoid
According to the American Academy of Orthopaedic
Surgeons, how many wrist fractures are treated yearly in
the U.S.?
A. 200,000
B. 350,000
C. 563,000
D. 643,000
Which carpal bone makes up 60% to 70% of all carpal
bone fractures?
A. pisiform
B. scaphoid
C. hamate
D. lunate
What treatment is appropriate for a fracture of the glenoid?
A. conservative
B. ORIF
C. pinning
D. casting

14. What is the most common wrist fracture?
A. Bennett’s fracture
B. Rolando’s fracture
C. Colles’ fracture
D. ulnar styloid fracture
15. For an AP oblique projection with medial rotation of the
elbow, the hand must be in what position?
A. prone
B. oblique
C. lateral
D. supinated
16. What percentage of all childhood fractures are forearm
fractures?
A. 10% to 15%
B. 15% to 20%
C. 20% to 30%
D. 30% to 40%
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17. What type of fracture involves both bones of the forearm
with a dislocation of the ulna at the wrist and a displaced
fracture in the radius?
A. Bennett’s fracture
B. Rolando’s fracture
C. Galeazzi fracture
D. Colles’ fracture
18. What portion of the elbow is the pointy part of the elbow
that is touching the table when you have your elbows on the
table?
A. coronoid
B. medial condyle
C. olecranon
D. trochlea
19. Elbow fractures account for what percentage of fractures in
children?
A. 2%
B. 5%
C. 8%
D. 10%
20. What is the most common type of elbow fracture in children
under the age of 8?
A. condylar
B. supracondylar
C. epicondylar
D. olecranon
21. What portion of the humerus derives its name because it is
the most frequently fractured portion of the humerus?
A. greater tuberosity
B. lesser tuberosity
C. anatomic neck
D. surgical neck
22. What projection of the shoulder best demonstrates the
greater tuberosity of the humerus in profile?
A. Velpeau
B. AP oblique projection
C. scapular Y view
D. external rotation AP projection
23. Which method could be used if the patient was unable to
abduct their arm adequately for an axial projection
radiograph?
A. Grashey
B. scapular Y
C. Velpeau
D. internal rotation
24. Which projection of the shoulder demonstrates the
relationship of the proximal humerus and the glenoid cavity?
A. superoinferior axial projection
B. Grashey
C. scapular Y
D. external rotation
25. Eighty-five percent of all clavicle fractures occur in what
portion of the clavicle?
A. proximal 1/3
B. mid 1/3
C. distal 1/3
D. sternoclavicular joint
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26. What type of injury would require the patient to be placed
in a figure 8 brace?
A. proximal humerus fracture
B. mid-shaft humerus fracture
C. elbow fracture
D. clavicle fracture
27. How many tarsal bones make up the proximal portion of
the foot?
A. 5
B. 7
C. 14
D. 26
28. What radiographic projection of the foot requires the
affected foot be rotated medially to place the foot at a 30 to
45° angle to the plane of the IR?
A. AP
B. AP axial
C. AP oblique
D. lateral
29. The lateromedial projection of the toe best demonstrates
which digits?
A. first and second
B. third and fourth
C. fourth and fifth
D. fifth digit only
30. For a lateral projection of the foot, which projection is most
often used for patient comfort?
A. lateromedial
B. mediolateral
C. makes no difference
D. cross table lateral
31. Which of the following might be requested to rule out a
Lisfranc injury of the foot?
A. AP projection
B. lateral projection
C. oblique projection
D. weight-bearing method
32. Which type of injury is a specific injury to the midfoot?
A. stress fracture
B. LisFranc injury
C. Jones fracture
D. 5th metatarsal fracture
33. Which bone of the foot is usually fractured in a high energy
accident such as a car accident or falling from a great
height?
A. talus
B. navicular
C. first metatarsal
D. calcaneus
34. What bone of the foot articulates with the medial and
lateral malleoli to form the ankle joint?
A. talus
B. navicular
C. cuboid
D. Cuneiform
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35. What type of joint is the ankle joint?
A. saddle
B. pivot
C. hinge
D. ball and socket
36. Out of every 100,000 people in the U.S. how many of these
will experience an ankle fracture each year?
A. 144
B. 184
C. 204
D. 254
37. What type of classification is used to describe ankle
fractures?
A. Lisfranc
B. Miller’s
C. Weber
D. Salter-Harris
38. What bone of the lower extremity forms both the knee and
ankle joint?
A. tibia
B. femur
C. patella
D. fibula
39. Which bone in the lower extremity is a non-weight-bearing
bone?
A. tibia
B. femur
C. patella
D. fibula
40. What long bone in the lower extremity is the site of frequent
stress fractures?
A. femur
B. fibula
C. tibia
D. femoral neck
41. What percentage of all types of stress fractures involve the
lower leg?
A. 25%
B. 50%
C. 75%
D. 90%
42. In tibial plateau fractures, what percentage are usually lateral
tibial plateau fractures?
A. 20%
B. 40%
C. 50%
D. 60%
43. The knee joint can absorb vertical force of how many times
a person’s body weight?
A. 2
B. 4
C. 7
D. 10
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44. Which of the following will best visualize a patella
fracture?
A. AP projection of the knee
B. lateral projection of the knee
C. oblique projection of the knee
D. tangential projection of the patella
45. What is the longest, strongest bone in the body?
A. humerus
B. tibia
C. femur
D. ulna
46. What is the number one cause of femur fractures in infants?
A. birth defects
B. child abuse
C. falls
D. car accidents
47. The hip joint is what type of joint?
A. hinge
B. ball and socket
C. immovable
D. partially movable
48. The Hickey method of the lateral hip requires what degree
of tube angulation?
A. 5° caudad
B. 10° cephalic
C. 20° to 25° cephalic
D. no tube angulation
49. What percentage of elderly patients die within the first year
after a hip fracture?
A. 15%
B. 25%
C. 50%
D. 75%
50. What is the most common site of a hip fracture?
A. femoral neck
B. greater trochanter
C. lessor trochanter
D. acetabulum
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