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Introduction

The upper extremity begins proximally at the shoulder and extends distally
through the hand. Shoulder is excluded from this text because it is discussed
in a dedicated Springer book entitled MRI: Shoulder. This text covers the
biomechanical importance, anatomy, traumatic pathology and non-traumatic
pathology of the remaining upper extremity joints.

Joint Structure

Joints can be classified by their structure and function. The basis for classify-
ing the joint structure involves defining the material composing the joint and
the presence or absence of a cavity. Structural classification of joints includes
fibrous, cartilaginous and synovial joints. Fibrous joints, such as the cranial
sutures, are bound by connective tissue and have no “joint space” or cavity.
Therefore, fibrous joints are strong but produce very little movement.
Cartilaginous joints include the articulations of the spine and pelvis and are
either lined or connected to hyaline or fibrocartilage. Cartilaginous joints
allow slightly more movement when compared to fibrous joints. Lastly, syno-
vial joints are the only joints to structurally have a cavity or space between
bones. This cavity is lined with synovium and occupied by synovial fluid.
Synovial joints, supported by several static and dynamic stabilizers, allow for
the greatest amount of joint movement allowing one to achieve daily acts of
living [1]. All joints of the upper extremity are synovial joints allowing vary-
ing degrees of motion. However, the benefit of motion brings an increased
vulnerability to injury.

Joint Function

Functional classification of the joint is determined by the motion produced
when under force. The six types of synovial joints include pivot or rotary,
hinge, saddle, plane, ball-and-socket and condyloid [2]. The upper extremity
impressively comprises all of these joint types allowing gross and fine motor
movement.

The shoulder joint is a ball-and-socket joint, although it is more correctly
described as a ball-and-saucer joint. In contrast to the hip, the other ball-and-
socket joint of the body, the socket is much shallower. This allows for less
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Introduction

restriction of movement at the joint but compromises stability in the process.
The elbow joint commonly referred to as a hinge joint which partially true but
does not explain the ability to pronate and supinate the forearm. The articula-
tion of the radial head and the radial notch on the ulna allows for this motion.
This creates what is called a “pivot” joint, allowing the movement of one
bone on another. The radiocarpal joint can be classified as an ellipsoidal or
condyloid joint. Despite the intercarpal articulations being synovial joints,
unlike their counterparts, they do not allow much movement. The interpha-
langeal joints of the hand are basic hinge joints [3]

Importance of the Upper Extremity

Many of our activities of daily living require proper function of the upper
extremity including personal hygiene, dressing and feeding. More complex
tasks categorized as instrumental activities of daily living also utilize the
function of the upper extremity such as transportation, shopping, and meal
preparation and overall household management. All of these tasks can be
made incredibly difficult if pain or injury has rendered our upper extremity
ineffective or if the patient has difficulty ambulating. Arm swing is an impor-
tant component of human gait [4]. Despite being bipedal, literature shows
how effective arm swing can help create core balance, improve breathing and
decrease metabolic energy expenditure necessary to ambulate [5, 6]. Proper
use of the upper extremity allows us to interact with the world. Therefore, the
recognition of injury to its many parts carries great importance.
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Elbow: Importance
and Biomechanics

Bethany U. Casagranda

Elbow

The moral arc of the universe bends at the elbow of
justice. —Civil Rights Leader: Martin Luther
King, Jr.

Importance and Biomechanics
of the Elbow

The elbow joint serves as the important midpoint
between the shoulder and the hand. Its concerted
efforts with other joints of the upper extremity facil-
itate an arc of hand placement in space. This allows
for lengthening and shortening of the upper extrem-
ity as necessary to grasp objects and navigate
through the environment. It is comprised of several
osseous and soft tissue structures that confer stabil-
ity to the joint and contribute to its kinematics [1, 2].

Specifically, the elbow is comprised of three
joints enveloped by a synovial capsule: ulnohu-
meral joint, radiocapitellar joint, and proximal
radioulnar joint (PRUJ). Boney articulations of
the joints and immediately adjacent ligaments act
as static (passive) stabilizers. Dynamic (active)
stabilizers refer to the surrounding musculature.

B. U. Casagranda (P<))

Department of Radiology, Imaging Institute,
Allegheny Health Network, Pittsburgh, PA, USA
e-mail: bethany.casagranda@ahn.org

Scientific literature has produced an abundance of
research regarding the biomechanics and stabiliz-
ing structures of the elbow. These works have
identified the key primary and secondary stabiliz-
ers along with description of how injuries to these
stabilizers affect the elbow’s function [3, 4].
Three primary static constraints include the
ulnohumeral joint, the anterior bundle of ulnar
collateral ligament (UCL), and the lateral collat-
eral ligament (LCL) complex. The LCL complex
is defined as the radial collateral ligament, lateral
ulnar collateral ligament, and annular ligament.
Stability relies on the ulnohumeral joint, the ante-
rior bundle of UCL, and the LCL complex being
intact. Secondary stabilizers include the radio-
capitellar joint, common flexor tendon, common
extensor tendon, and joint capsule. Dynamic sta-
bilizers are comprised of muscles that cross the
elbow articulations. The lines of pull from con-
traction of these muscles create balanced forces
within the joint and produce motion [4, 5]. All of
these components come together to form the
“ring” concept of elbow stability (Fig. 1.1) [1].
Primary motion of the elbow at the level of the
ulnohumeral joint is flexion/extension with the
center of rotation involving 2-3 mm of area at the
trochlea as described originally by Fischer in 1909
(Fig. 1.2). This hinge joint produces an axis of rota-
tion revolving around an imaginary line between
the inferior medial epicondyle and the center of the
lateral epicondyle [4, 6]. The coronoid process acts
as a buttress in prevention of posterior dislocation.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 1
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Fig. 1.1 “Ring”
concept of elbow
stability. (Copyright
credit [1])

Posterior Column
- Olecranon

- Posterior capsule

- Dynamic contributions from
triceps

Lateral Column Medial Column

- Radial head - MCL complex
- Capitellum - Coronoid process
- LCL complex - Medial condyle and

epicondyle

Anterior Column

- Boney buttress (coronoid
process and radial head)
- Anterior capsule

- Dynamic action of brachialis

Fig. 1.2 Axis of rotation for flexion/extension of the
elbow

The coronoid fossa houses the coronoid process in
the setting of deep elbow flexion [7]. Normal elbow
range of motion is from 0° to 150 and is limited by
the previously described static and dynamic stabi-
lizers. Specific factors limiting extension include
the relationship of the olecranon with the olecranon
fossa, the tension of the anterior bundle of the

UCL, and the common flexor muscle group.
Factors limiting flexion include the relationship of
the coronoid process with the coronoid fossa, the
radial head against the radial notch, the capsular
tension, and the triceps muscle [4, 6].

Primary motion of the elbow at the level of
the PRUJ is supination/pronation. This pivot
joint produces an axis of rotation revolving
around an imaginary line between the proximal
radial head and the convex articular surface of
the adjacent ulna known as the radial notch.
Forearm rotation averages 75° pronation and
85° supination. Pronation and supination
motions are restricted mostly by the passive
stretch of antagonistic muscles as well as the
quadrate ligament [4, 6].

With the arm extended in anatomic position,
the humerus does not perfectly align with the
bone of the forearm. This deviation from a
straight line toward the thumb is referred to as the
“carrying angle” (CA) of the elbow (Fig. 1.3).
The purpose of the CA is to allow the arms to
swing passed the hips unimpeded during normal
gait. Recent studies have found the CA tends to
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Fig. 1.3 Carrying angle. Lateral (a) and anteroposterior (b) radiographs of the elbow. AP radiograph annotated with
carrying angle measurement

Table 1.1 Normal carrying angle measurements

: References
Average carrying angle Degrees of
measurements variability . o
ALl 12.88° +5.00° 1. Aquilina AL, Grazette AJ. Clinical anatomy and
assessment of the elbow. Open OrthopJ.2017;11:1347—
Men: 10.97° +4.27° 52.  https://doi.org/10.2174/1874325001711011347.
Women: 15.07° +4.95° PMID: 29290874; PMCID: PMC5721323.
2. Dimon T. The body of motion: its evolution and design.
Berkeley: North Atlantic Books; 2011. p. 39-42.

3. Bryce CD, Armstrong AD. Anatomy and bio-
be larger in women than men with the difference mechanics of the elbow. Orthop Clin North Am.
being attributed to most women having smaller 2008;39(2):141-54,  v.  https://doi.org/10.1016/j.
shoulders and wider hips than most men 0cl.2007.12.001. PMID: 18374805. ,

. 4. Fornalski S, Gupta R, Lee TQ. Anatomy and biome-
(Table 1.1). Regardless of gender, the CA is chanics of the elbow joint. Tech Hand Up Extrem Surg.
larger in the dominant hand when compared to 2003;7(4):168-78. hitps://doi.org/10.1097/00130911-
the nondominant hand lending to the theory that 200312000-00008. PMID: 16518218.
increased forces on the joint increase the 5. O’Driscoll SW, Jupiter JB, King GJ, Hotchkiss RN,
e . Morrey BE. The unstable elbow. Instr Course Lect.
CA. Variability in CA has been found when com- 2001:50:89-102. PMID: 11372363

paring differences in stage of development, race, 6. Morrey BF, editor. The elbow and its disorders.
and age [8-10]. Philadelphia: WB Saunders; 2000.
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Elbow: Anatomy and MRI

Optimization

Eira S. Roth and Lulu He

The elbow is a unique and dynamic joint that pro-
vides a transition from the anatomic arm to the
anatomic forearm. It is the second most com-
monly injured joint in the upper extremity,
accounting for up to 20% of sports-related inju-
ries, and merits particular attention by radiolo-
gists [1]. The elbow is comprised of three osseous
articulations [2, 3]: the articulation made between
the distal humerus and ulna, between the distal
humerus and radius, and between the proximal
ulna and the proximal radius. These are termed
the ulnohumeral (also referred to as ulnotrochlear
joint), radiocapitellar, and radioulnar joints,
respectively (Fig. 2.1) [3].

The ulnohumeral and radiocapitellar joints
create a synovial hinge joint, permitting arm flex-
ion and extension [2-7]. The ulnohumeral joint
serves as the primary osseous stabilizer of the
elbow particularly when the arm is moved
through the extremes of arm flexion and exten-
sion, such as when the elbow experiences greater
than 120 degrees of flexion or less than 20 degrees
of flexion [7, 8]. The radioulnar joint is formed

E. S. Roth (D<)

Department of Radiology, Virtual Radiologic,
Eden Prairie, MN, USA

e-mail: Eira.Roth@vrad.com

L. He

Department of Radiology, Imaging Institute,
Allegheny Health Network, Pittsburgh, PA, USA
e-mail: Lulu.He@AHN.org

by the abutment of the radial head with the radial
notch of the ulna and functions as a pivot joint,
thereby permitting forearm pronation and supina-
tion [7, 9].

When evaluating osseous anatomy, it is impor-
tant to understand which components are consid-
ered principle stabilizers, since injury or
instrumentation to these structures may predis-
pose to joint instability. For instance, the olecra-
non process of the proximal ulna serves as a
primary stabilizer in the prevention of anteropos-
terior displacement as the trochlear notch, also
called the semilunar notch because of its crescent
shape, encircles the trochlea by almost 180°
(Fig. 2.2) [4, 8]. The coronoid process of the prox-
imal ulna located anteriorly also serves to prevent
posterior ulnohumeral dislocation [10, 11].

For the purposes of an anatomic review, elbow
anatomy will be divided into four principle com-
partments. This approach is advocated when
using ultrasound to evaluate the elbow, wherein
the elbow anatomy is split into anterior, posterior,
medial, and lateral compartments (Fig. 2.3) [12].
This organization can be applied to any modality
but is particularly useful in approaching elbow
MR imaging. The following sections review con-
ventional elbow anatomy of each compartment as
well as common anomalous anatomy including
variations in origins, insertions, morphologies, or
courses of the ligaments, tendons, and muscles.
The most commonly encountered accessory mus-
cles are also discussed.
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Fig. 2.1 AP radiograph of the elbow demonstrating the
radiocapitellar joint (black arrowhead), ulnohumeral joint
(white arrowhead), and radioulnar joint (white arrow)

Fig. 2.2 Osseous stabilizers. Lateral radiograph of the
elbow flexed 90° shows the trochlear notch of the ulna
encircling the trochlea approximately 180°. The ulnohu-
meral joint is stabilized by the olecranon process posteri-
orly (white *) and the coronoid process anteriorly (black *)

Fig. 2.3 AX PDFS image of the elbow showing the ante-
rior compartment (white dashed arc), posterior compart-
ment (black dashed arc), medial compartment (solid black
arc), and lateral compartment (solid white arc)

The Anterior Compartment
Anterior Compartment Muscles

The anterior compartment consists of the liga-
ments, muscles, and tendons that reside deep and
adjacent to the cubital fossa. The cubital fossa is
also referred to as the antecubital fossa and is the
visible skin and soft tissue depression that forms
the anterior transition from the distal arm to the
proximal forearm. Anatomically, the superior bor-
der is considered “an imaginary line” connecting
the humeral epicondyles. The supinator and bra-
chialis muscles form the inferior boundary, while
the pronator teres is the medial margin, and the
brachioradialis is the lateral margin, with the
overlying skin as the “roof” (Fig. 2.4a) [5]. Deep
to the cubital fossa, the anterior compartment
contains three “B” muscle flexors and their distal
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Fig.2.4 (a) SAG TIFS POST with skin marker overlying
the antecubital fossa, which extends from the humeral epi-
condyles superiorly (white arrow) to the supinator (S) and
brachialis (not annotated) muscles inferiorly. (b) AX T1
shows the contents of the antecubital fossa and anterior

tendons (Fig. 2.4b). They include the biceps bra-
chii, brachialis, and brachioradialis. These, along
with the median nerve, radial nerve, and brachial
artery, are the principle anatomic structures evalu-
ated when reviewing an elbow MRI. During ultra-
sound evaluation, anatomic inspection should
also include a search for the anterior elbow fat pad
and anterior synovial recess [1].

The Biceps Brachii

The first “B” anterior compartment muscle is the
biceps brachii. The biceps originates proximally
at the level of the shoulder as two separate heads.
The long or lateral head originates from the
supraglenoid tubercle. The short or medial head
arises from the coracoid process of the scapula
[4]. Distally, the biceps muscle belly provides
dynamic reinforcement of the anterior elbow
joint capsule, which is typically collapsed against
the distal anterior humerus [8]. The conventional
belief regarding the biceps is that both muscular
heads merge, forming a single distal biceps ten-
don (DBT) that then descends obliquely to insert
on the radial tuberosity of the proximal radius
(Fig. 2.5a, b) [13]. Unlike other arm flexors, the
biceps muscle is relatively short, with a long

compartment. These include the distal biceps and its ten-
don (DBT), the brachialis (B) and brachioradialis (BR)
muscles, the median nerve (black arrowhead), the brachial
artery (white arrowhead), and the branches of the radial
nerve (circle)

exposed distal tendon that measures an average
of 7 cm long [1]. Furthermore, the tendon lacks a
protective vascular sheath and instead relies on
an extra-synovial paratenon similar to the
Achilles tendon of the ankle [1]. The relatively
exposed design of the distal tendon makes the
DBT more vulnerable to injury.

The biceps is innervated by motor branches of
the musculocutaneous nerve (C5-C7) and
receives its blood supply from the muscular
branches of the brachial artery. The biceps bra-
chii participates in both elbow flexion and fore-
arm supination [14]. When the arm is held in the
neutral position, meaning that the palm of the
hand is facing the ipsilateral thigh, the biceps pri-
marily assists with forearm supination, permit-
ting the palm to be rotated to face anteriorly. The
biceps flexes the arm at the elbow when the fore-
arm is held in the neutral and supinated positions.
The combined actions of arm flexion and forearm
supination create a proper biceps curl technique
which necessitates rotation of the forearm from
the neutral position followed by forward elbow
flexion. This technique allows engagement of
both biceps brachii components when performed

properly.
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Fig. 2.5 (a) AX PDFS illustrating the superficial course
of the biceps brachii (black arrow) relative to the brachia-
lis tendon (white arrow). (b) AX PDFES — The DBT inserts

A common biceps variant is a bifurcated DBT
believed to arise secondary from failed fusion
between the two proximal biceps myotendinous
components (Fig. 2.6). In this setting, both ten-
dons insert normally upon the radial tuberosity
[13]. Preservation of the normal distal attach-
ment site is significant, as it can be useful in dis-
tinguishing an anatomic variant from a distal
biceps tendon tear. However, more recent mus-
culoskeletal ultrasound literature and anatomic
literature postulate that the normal “single” dis-
tal tendon seen on MRI and CT may actually in
itself represent two persistent tendons that insert
so closely together that it is difficult to discern
one from the other on modalities other than high-
frequency ultrasound or gross anatomic dissec-
tion [1]. This raises the possibility that what we
have been classifying as “normal” versus “vari-
ant” may in fact represent a spectrum of varying
degrees of fusion. The important point is that
regardless of whether the DBT is recognizable as
a single tendon or two tendons, the tendons
should be continuous throughout their course
and continue to insert on the radial tuberosity [1,
5, 13]. Tendon discontinuity, failed connectivity
with the radial tuberosity, and adjacent fluid are
features suspicious for a tendon tear rather than
anatomic variation.

on the radial tuberosity (black arrow), while the brachialis
inserts on the coronoid process (white arrow) and ulnar
tuberosity (not shown)

Fig.2.6 AX T1 illustrating a bifurcated long head biceps
tendon (black arrows). Unlike a torn tendon, the bifur-
cated tendons descend in parallel and insert normally

The elongated morphology and course of the
DBT are well appreciated on MRI, although the
fact that some tendon fibers also attach to the
overlying edge of the bicipital aponeurosis is typi-
cally described only upon anatomic dissection
[5]. However, it is important to be aware of this
accessory attachment formed between the biceps
aponeurosis and the DBT because this relation-
ship provides the distal tendon with increased
positional stability and explains why injury to one
structure often presents with a coexisting injury to
the other. The biceps aponeurosis (also known as
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Fig. 2.7 AX T1 shows the biceps aponeurosis as a thin
hypointense band (white arrow) superficial to the distal
biceps tendon (white arrowhead) and the brachialis (black
gradated arrow)

the lacertus fibrosus) extends from the myotendi-
nous junction of the distal biceps to the medial
aspect of the deep fascia of the forearm (Fig. 2.7)
[1, 5, 13]. The biceps aponeurosis serves to hold
the DBT in place and prevent proximal retraction
in the setting of a distal biceps tendon tear. Thus,
when proximal retraction of the DBT is in evi-
dence, this implies a co-injury of the aponeurosis
which may alter subsequent treatment.

As stated previously, the biceps brachii muscle
is innervated by the musculocutaneous nerve that
arises from the C5, C6 and C7 cervical nerve
roots and receives its primary blood supply via the
muscular branches of the brachial artery. The dis-
tal biceps tendon can be helpful in identifying the
musculocutaneous nerve, median nerve, and bra-
chial artery. As the tendon descends through the
anterior compartment, it separates the musculocu-
taneous nerve laterally, from the median nerve
and brachial artery medially, while remaining
superficial to the brachialis muscle (Fig. 2.8) [5].

Although there is a bicipitoradial bursa that par-
tially encircles the distal tendon, this bursa is only
discernible on the rare occasion the bursa becomes
distended with fluid [4]. Thus, visualization of the
bursa on medical imaging typically reflects an
underlying pathology resulting in inflammatory or

Fig. 2.8 AX TI, the musculocutaneous nerve (white
arrow), is located lateral to the DBT (black gradated
arrow). Both the median nerve (white arrowhead) and the
brachial artery (black arrowhead) are superficial to the
brachialis muscle belly and tendon (B) and medial to the
brachioradialis (BR)

traumatic fluid accumulation within the bursa.
Furthermore, a distended bicipitoradial bursa may
cause secondary compression of the radial nerve
branches depending on the severity of fluid accu-
mulation, leading to nerve entrapment syndromes
of the forearm and hand [1, 5, 15].

The Brachialis

The second “B” anterior compartment muscle is
the brachialis. The biceps brachii tendon and the
distal brachialis are both located between the
pronator teres medially and the brachioradialis
laterally (Fig. 2.9) [5]. The brachialis muscle is
the primary flexor of the arm irrespective of arm
position and is located deep relative to the distal
biceps tendon. Like the biceps brachii, the bra-
chialis is innervated by the musculocutaneous
nerve (C5, C6, C7) [14]. However, it also receives
innervation from the radial nerve [1]. Similarly,
the brachialis has two blood supplies, being sup-
plied both by muscular branches of the brachial
artery and the recurrent radial artery [13].

The brachialis originates from the mid to
lower half of the anterior humeral diaphysis with
fibers also attaching to the intermuscular septum
[13, 16]. The broad footprint of this myotendi-
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Fig.2.9 AXPD showing the DBT (white arrow) and bra-
chialis (black arrow) located between pronator teres (PT)
medially and brachioradialis (BR) laterally

nous origin creates a strong stable attachment
that is an uncommon site of injury. Distally, the
brachialis inserts on the ulnar tuberosity and the
neighboring coronoid process. Thus, in the set-
ting of a coronoid process fracture, it is important
to search for a coexisting injury to the distal bra-
chialis [1, 13]. The distal tendon of the brachialis
is typically smaller than the distal biceps tendon.
As the tendon approaches the coracoid process, it
gives off a minute oblique cord that inserts just
inferiorly upon the ulnar tuberosity [17]
(Fig. 2.10). Despite its small size, the distal bra-
chialis tendon is enveloped and reinforced by
muscle fibers. The degree of muscle encasement
varies, so that the distal tendon can present as
predominantly muscular, predominantly tendi-
nous, or a mixture of the two. But the presence of
these muscle fibers adds strength and protection
to the tendon, explaining why brachialis tendon
tears are less frequent than distal biceps tendon
tears.

Anatomic dissection reveals that the distal
insertion of the brachialis is comprised of a domi-
nant superficial component and more diminutive
deep component [13, 16]. The superficial brachi-
alis muscle fibers arise from the anterolateral
aspect of the middle third of the humerus and

Fig.2.10 AX PD showing the main distal brachialis ten-
don (black arrow) inserting upon the coronoid process (*),
with the oblique cord extending toward the tuberosity
inferiorly (white arrow). The DBT is approaching the
radial tuberosity (arrowhead)

neighboring intermuscular septum. The deep
fibers arise from the distal third of the anterior
humeral diaphysis and distal intermuscular sep-
tum [1]. Both components insert upon the ulnar
tuberosity; however, the superficial fibers insert
more distal relative to the deep fibers [16]. It can
be difficult on MRI to distinguish the superficial
and deep components of the brachialis. It is more
important to understand for the purposes of MRI
interpretation and injury recognition that the
proximal brachialis attaches to the majority of
the mid and lower anterior humeral diaphysis and
intermuscular septum and the distal components
attach to the ulnar tuberosity.

The broad proximal origin of the brachialis
and mixed myotendinous distal attachment make
the brachialis a powerful arm flexor. The brachia-
lis is able to flex the arm regardless of arm or
elbow position, acting as the principle flexor of
the upper extremity. An accessory brachialis
muscle has been described, originating from the
medial mid-diaphysis of the humerus rather than
from the anterior cortex. Like the main brachialis,
the accessory brachialis muscle also demon-
strates an aponeurotic attachment with fibers
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blending with the medial aspect of the intermus-
cular septum [13]. Distally, the accessory muscle
blends with the common flexor tendon [13].
When present, the accessory brachialis typically
descends along the medial aspect of the elbow,
crossing the median nerve and the brachial artery.
At least one report has described a bifid distal
tendon of the accessory brachialis [18]. If the dis-
tal tendon demonstrates a bifid appearance, the
tendon fibers can encircle the median nerve
resulting in median nerve impingement [13, 18].

The Brachioradialis

The third “B” anterior compartment muscle is the
brachioradialis. The brachioradialis participates
in forearm movements, consisting of forearm
flexion at the elbow, and in both pronation and
supination. The brachioradialis originates from
the lateral supracondylar ridge of the humerus
between the muscle bellies of the brachialis ante-
riorly and the lateral head of the triceps posteri-
orly. Distally, the muscle belly is found lateral to
the biceps brachii and the brachialis muscles and
anterior relative to the extensor carpi radialis lon-
gus muscle [5] (Fig. 2.11). The brachioradialis
subsequently inserts upon the radial styloid pro-

Fig. 2.11 AX PD the brachioradialis (BR) muscle is
found lateral to the biceps brachii (black arrow), the bra-
chialis (white arrow) tendons, and anterior to the extensor
carpi radialis longus (ECRL) muscle

1

cess of the distal radius and is innervated by the
deep branch of the radial nerve (C5, C6) while
receiving its blood supply from the radial recur-
rent artery.

Arteries and Nerves

The Median Nerve

The principle nonmuscular contents of the ante-
rior compartment include the median nerve, the
radial nerve, and the brachial artery. The median
nerve is formed from the brachial plexus spinal
nerve roots of C5 to T1 and predominantly pro-
vides motor innervation to the muscles of the
forearm and hand including the pronator teres,
palmaris longus, flexor carpi radialis, and flexor
digitorum superficialis muscles [5, 19]. The nerve
also provides sensory innervation to the medial
forearm, palm of the hand, and portions of mul-
tiple digits. The median nerve descends through
the brachial canal located along the medial aspect
of the arm in a neurovascular bundle with the bra-
chial artery [20]. The nerve is located medial and
parallel to the brachial artery as it enters the cubi-
tal fossa (Fig. 2.12).

Fig. 2.12 AX T1 showing the median nerve (white
arrowhead) runs medial and parallel to the brachial artery
(black arrowhead). The musculocutaneous nerve (white
arrow) courses in the superficial lateral anterior compart-
ment relative to the brachioradialis (BR), brachialis (B),
and pronator teres (PT) muscles
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Distally, the median nerve travels between the
superficial (humeral) and deep (ulnar) heads of
the pronator teres muscle, remaining medial to
both the ulnar and radial arteries throughout the
proximal forearm [5, 19]. However, in up to 17%
of individuals, the median nerve takes an inter-
muscular course between the brachialis muscle
and the pronator muscle [1]. This is important to
remember when the pronator teres is enlarged
from edema, hypertrophy, or intramuscular mass,
as the intermuscular course of the median nerve
can become a site of neuronal impingement lead-
ing to pronator syndrome [5]. Median nerve
entrapment can also occur at the level of the
anteromedial distal humerus secondary to the
varying presence of a ligament of Struthers. The
ligament of Struthers is an accessory ligament
that arises from a rudimentary supracondylar
process of the medial epicondyle and attaches to
the medial epicondyle [5]. Controversy exists as
to the incidence of this anatomic variant, which
was originally described by Struthers in the
1850s and is considered a developmental vestige
of the supracondylar foramen found in reptiles
[21, 22]. This should not be confused with the
separate, but similarly named, “arcade of
Struthers” which was described by Kane and col-
leagues in the 1970s and is a frequently occurring
condensation of fascia along the medial elbow
that connects the medial head of the triceps with
the medial intermuscular septum and can result
in ulnar nerve impingement [21, 22].

The Anterior Interosseous Nerve

At the level of the supinator muscle and the deep
head of the pronator teres, the median nerve gives
off a purely motor branch called the anterior
interosseous nerve [19]. The anterior interosse-
ous nerve innervates the pronator quadratus,
flexor pollicis longus, and flexor digitorum pro-
fundus muscles. Compromise of the anterior
interosseous nerve can lead to muscular atrophy
of these muscles and the development of Kiloh-
Nevin syndrome [1] (Fig. 2.13).

The Radial Nerve
The radial nerve (C5-T1) is a mixed motor and
sensory nerve. The radial nerve and its motor

Fig. 2.13 AX TI1 anterior interosseous nerve (AIN)
(black arrowhead) arises from the median nerve (white
arrowhead) at the level of the supinator muscle (S) and the
ulnar head of the pronator teres muscle (P). Both nerves
are T1 hypointense and are medial to the brachioradialis
(BR), supinator and extensor carpi radialis longus
(ECRL), and extensor carpi radialis brevis (ECRB) mus-
cles. The biceps tendon (long black arrow) and the distal
brachialis tendon (long white arrow) descend deep to the
nerves

branches supply motor function to the posterior
compartment of the arm, forearm, and extensor
muscles of the hand [23]. More specifically, the
radial nerve proper provides motor innervation to
the medial and lateral heads of the triceps, exten-
sor carpi radialis longus, anconeus, brachioradia-
lis, and lateral aspect of the brachialis muscle [5,
23]. It therefore supplies the muscles responsible
for forearm, wrist, and elbow extension, along
with elbow flexion, pronation, and supination
[23].

The radial nerve and its sensory branches pro-
vide cutaneous sensory innervation to the antero-
lateral arm, the posterior distal arm and forearm,
the dorsal aspects of the first through third fin-
gers, and the lateral half of the fourth finger [23].
Although the radial nerve is a mixed nerve, its
branches tend to be either purely motor or
sensory.

In the proximal arm, the radial nerve has a
posterior and lateral course relative to the humeral
diaphysis, traveling within the spiral groove of
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the humerus, also termed the radial sulcus. This
sulcus is a shallow concavity that extends
obliquely down the lateral humerus between the
humeral insertions of the lateral and medial heads
of the triceps. This intimate arrangement between
the radial nerve and humerus places the nerve at
risk in the setting of a humeral diaphyseal
fracture.

The radial nerve branches several times as it
descends medially to laterally and posteriorly to
anteriorly in the arm before reaching the level of
the elbow. At the level of the mid-humeral diaph-
ysis, the radial nerve gives off a major sensory
branch called the posterior cutaneous nerve of the
arm. The posterior cutaneous nerve supplies the
skin of the anterolateral and posterior lower arm.
While the posterior cutaneous nerve subsequently
descends within the lateral arm, the radial nerve
takes an anterior course between the brachialis,
brachioradialis, and extensor carpi radialis lon-
gus muscles so that at the level of the distal arm
and elbow, the nerve resides in the lateral aspect
of the anterior compartment [1].

Some sources place the radial nerve in the lat-
eral or posterior compartments due to the mus-
cles it innervates. However, the radial nerve is
included in the anterior compartment in this text
which classifies structures purely by anatomic
location in order to simplify identification on
medical imaging. On MRI, a thin intermuscular
fat plane best seen on axial nonfat-saturated
imaging anterior to the lateral humeral epicon-
dyle separates the brachioradialis and extensor
carpi radialis longus muscles laterally from the
brachialis muscle medially. Identifying this fat
plane is a useful landmark as the fat outlines both
the radial nerve and radial collateral artery
(Fig. 2.14). When the radial nerve splits into
superficial and deep branches at the level of the
elbow, both of the proximal branches continue to
course within the same fatty muscular fascial
plane.

Superficial and Deep Branches

of the Radial Nerve and the Posterior
Interosseous Nerve

At the elbow, the radial nerve is anterior to the
radial head as it branches into its superficial sen-

13

Fig. 2.14 AX T1 shows the radial nerve (arrowhead) in
the thin fatty fascial plane between the extensor carpi
radialis longus (ECRL), brachioradialis (BR), and bra-
chialis (B)

Fig. 2.15 AX T1 showing the deep branch of the radial
nerve (white arrow). As the nerve descends, it courses
posteriorly, passing between the heads of the supinator
muscle (S) at the level of the distal radial neck, where it
becomes the posterior interosseous nerve

sory and deep motor branches (Fig. 2.15) [5, 24].
The superficial branch courses anteriorly and
medially, residing within the fatty fascial plane



14

anterior to the supinator muscle. The superficial
branch is a sensory nerve providing sensation to
the dorsal aspect to the first three and a half fin-
gers. The deep branch also courses within the
anterior forearm, but as its name implies, the
nerve remains deep and lateral relative to the
anterior branch.

The deep branch passes through the radial tun-
nel and between the heads of the supinator mus-
cle after which it becomes the posterior
interosseous nerve (Fig. 2.16) [5, 24]. This loca-
tion, along the superior edge of the supinator
muscle, is also termed the “arcade of Frohse” and
can present as a potential site of nerve entrap-
ment in the setting of a tendinous or thickened
supinator attachment or any space-occupying
lesion [25]. The posterior radial nerve provides
motor innervation to the extensor carpi radialis
brevis and supinator muscles, thereby contribut-
ing to forearm supination, and wrist extension
and abduction [23]. The posterior interosseous
nerve innervates the forearm extensors and
abductor policies longus, abductor policies bre-
vis, and extensor indicis proprius, thereby per-
mitting wrist and finger extension and thumb

Fig. 2.16 AX T1 image at the level of the radial head
where the radial nerve splits into a sensory superficial
branch and a deep motor branch as annotated. The radial
collateral artery (white arrow) is located in between them.
The brachioradialis (BR), extensor carpi radialis longus
(ECRL), and brachialis (B) are annotated for reference
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abduction [5]. The posterior interosseous nerve
courses along the posterior and lateral margin of
the supinator muscle and is in close proximity to
the radius, making it vulnerable to injury in the
setting of a dislocated radial neck fracture [5, 26].

The Musculocutaneous Nerve

The musculocutaneous nerve arises from the C5,
C6, and (variable) C7 nerve roots but is often
overlooked when discussing imaging elbow anat-
omy [14]. It is included in this chapter because
the nerve provides motor innervation to the
biceps brachii, the brachialis, and the coracobra-
chialis muscles of the anterior compartment of
the arm with the biceps and brachialis continuing
distally into the elbow [14] [27]. The nerve
descends anteriorly within the arm until it reaches
the level of the distal humeral metadiaphysis,
where the nerve pierces the deep brachial fascia
and becomes the lateral antebrachial cutaneous
nerve (LABCN) [14, 27].

The LABCN is initially located in the anterior
superficial distal arm lateral to the distal biceps
and superficial to the brachialis. The nerve
courses laterally and superficially as it descends
into the forearm, eventually residing in the sub-
cutaneous tissues overlying the extensor carpi
radialis brevis. The nerve then splits into anterior
and posterior components. The anterior branch
continues on to innervate the radial aspect of the
palmar forearm, while the posterior division sup-
plies the radial aspect of the dorsal forearm.
Trouble arises when hypertrophy of the biceps or
the brachialis encroaches upon the LABCN at the
distal arm and elbow. This can translate to inter-
mittent nerve impingement when the arm is
rotated through pronation and supination [14].

The Brachial Artery

The brachial artery follows an oblique course
though the anterior subcutaneous tissues as it
descends through the arm. At the level of the
distal arm, the brachial artery crosses from the
medial to the anterior subcutaneous soft tissues,
running adjacent to the medial edge of the
biceps muscle. When the vessel passes beneath
the lacertus fibrosus, it is medial relative to the
distal biceps tendon and superficial to the bra-
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Fig. 2.17 (a) AX T1 illustrating the brachial artery
(black arrow), the median nerve (white arrow), and the
musculocutaneous nerve (white arrowhead) superficial to

chialis muscle (Fig. 2.17a). At the level of the
radial head, the brachial artery splits into the
radial and ulnar arteries of the forearm. Prior to
its bifurcation, the brachial artery remains lat-
eral and fairly parallel to the median nerve,
making it a convenient means of identifying the
nerve (Fig. 2.17b).

The Lateral Compartment

Lateral Compartment Muscles
and Tendons

The lateral compartment consists of the radio-
capitellar joint, the annular recess that encircles
the radial neck, the common extensor tendon, and
the underlying lateral collateral ligament com-
plex [8]. A thin recess that exists between the lat-
eral joint line and the overlying lateral collateral
ligament is also considered part of the lateral
joint but is typically appreciable only when filled
with fluid such as following an arthrogram or
trauma [8]. The lateral compartment is primarily
the extensor compartment of the wrist and hand
[5, 28]

Humerus

the brachialis muscle (B). (b) CT COR MIP demonstrat-
ing the radial artery (black arrowhead) bifurcating into the
radial (R) and ulnar (U) arteries

The Common Extensor Tendon

The common extensor tendon is formed by the
conjoined tendinous origin of the extensor carpi
radialis brevis, extensor digitorum communes
(EDC), extensor carpi ulnaris (ECU), and exten-
sor digiti minimi (Fig. 2.18a). The common
extensor tendon offers dynamic stability for the
lateral elbow, reinforcing the static stabilization
provided by the lateral collateral ligaments [10].
The common extensor tendon arises from the lat-
eral humeral epicondyle deep to the brachioradi-
alis muscle. The common extensor tendon is
located on the anterolateral cortex of the lateral
humeral epicondyle, immediately superficial and
proximal relative to the insertion of the lateral
collateral ligament complex [10]. The muscles
that make up the common extensor tendon are
arranged with the extensor digitorum located
superficially and the extensor carpi radialis brevis
located deeper [1]. At the origin of the common
flexor tendon, the underlying humeral epicondyle
has a fairly flat to gently concave morphology
(Fig. 2.18a). Continuing distally the osseous
morphology adopts a more acute angulated mor-
phology from which the lateral capsular liga-
ments arise.
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Fig. 2.18 (a) AX PDFS showing the proximal compo-
nents of the common extensor tendon: extensor carpi
ulnaris (ECU), extensor digitorum communes (ED), and
extensor carpi radialis brevis (ECRB). At this level, the
underlying humeral epicondyle has a flat to slightly con-
cave morphology (white line). (b) AX T1 at the level of

Lateral Compartment Ligaments

The lateral collateral ligament complex arises
between the common extensor tendon and the
deep joint capsule providing static varus stability
to the radiocapitellar joint [1, 7, 29, 30]. These
ligaments arise from the osseous concavity of the
lateral humeral epicondyle immediately distal
and deep to the common flexor tendon
(Fig. 2.18b). The lateral collateral ligament com-
plex is also referred to as the radial collateral
ligament complex and is comprised of the radial
collateral ligament (RCL), the lateral ulnar col-
lateral ligament (LUCL), and the annular liga-
ment [1, 5, 7, 31]. Some literary sources also
describe an accessory lateral collateral ligament
(ALCL), which is essentially an accessory slip of
the annular ligament, arising from the annular
ligament and inserting distally upon the tubercle
of the supinator crest [9, 32]. When present, this
accessory band is believed to stabilize the annu-
lar ligament, which in turn stabilizes the proxi-
mal radius. For the purposes of MRI interpretation,
emphasis is placed on evaluating the integrity of
the annular ligament, the radial collateral liga-

the olecranon process showing a more angulated, concave
morphology of the lateral humeral epicondyle (black cur-
vilinear line). This indicates the level of origin of the RCL
(*) and the LUCL (white arrowhead). The common exten-
sor tendon is located superficial to the ligaments (white
arrow)

ment, and the lateral ulnar collateral ligament as
primary static stabilizers of the lateral elbow joint
(Fig. 2.19a). The origins and insertions of the
respective ligaments are so closely apposed that
it can be difficult to differentiate one from the
other without multiplanar triangulation; this is
particularly true of the LUCL and RCL origins.
Proximally the RCL and LUCL fibers can be
difficult to differentiate from each other and from
the overlying tendon fibers of the common exten-
sor tendon and muscular fascia [10]. Typically,
the RCL is a thinner, more diminutive ligament
compared with the thick band of the LUCL
(Fig. 2.19b). However, even during cadaveric dis-
section, the proximal fibers of the LUCL may
remain indistinguishable from the RCL [31].
Distinguishing one from the other requires
awareness of the anteroposterior position of the
acquired images. This entwined anatomical rela-
tionship between the lateral elbow structures
explains why injury to one component often pres-
ents with concomitant injuries. For instance, the
LUCL frequently tears near or at the level where
it blends with the RCL, increasing the risk that an
injury of one ligament will involve the other [31].
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Fig. 2.19 (a) Illustration of the lateral elbow ligament
complex demonstrating the radial collateral ligament
(RCL), lateral ulnar collateral ligament (LUCL), and
accessory lateral collateral ligament (ALCL). (b) Axial

The Radial Collateral Ligament

The radial collateral ligament (RCL) arises
from the anterior-inferior aspect of the lateral
epicondyle of the humerus and inserts upon the
annular ligament at the radial head (Fig. 2.20)
[5, 7, 9, 10, 31]. Anatomic dissection has
revealed that some fibers also blend with the
fascia of the supinator muscle; however, this is
typically below the resolution of MR [10]. The
resulting ligament has a fan- or funnel-shaped
morphology that tapers distally deep to the
common extensor tendon [1, 31]. An accessory
RCL has been reported as a rare anatomic vari-
ant [31].

The Lateral Ulnar Collateral Ligament
The lateral ulnar collateral ligament (LUCL)
originates from the lateral epicondyle immedi-
ately posterior to the RCL origin (Fig. 2.21a).
The LUCL then takes a posteromedial oblique
course around the posterolateral edge of the
radial head before inserting distally on the supi-
nator crest of the proximal ulna (Fig. 2.21b) [5, 7,
10, 31].

The oblique course taken by the LUCL forms
a sling around the proximal radius and provides
protection against proximal radial subluxation
[10, 33]. As the only component of the lateral
collateral ligament complex to form a true bone-

T1 shows hypointense origins of the LUCL posteriorly
(black arrow) and RCL anteriorly (white arrowhead)
which are located deep to the common extensor tendon (¥)

Fig. 2.20 COR TI depicting radial collateral ligament
(long black arrow) arising from the anteroinferior aspect
of the lateral epicondyle and inserting on the annular liga-
ment (black arrowheads)

to-bone attachment, the LUCL has historically
been considered as the primary posterolateral
rotatory stabilizer of the lateral elbow against
excess varus stress [1, 5, 7, 10, 33]. However,
more recent studies have suggested that the annu-
lar ligament may play a greater role in elbow sta-
bility than was previously thought.
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Fig.2.21 (a) COR T1 depicting the proximal LUCL as a
thick hypointense band (black arrow) immediately deep
and distal to the common extensor tendon (white arrow).
(b) COR PDFS showing the common extensor tendon

The Annular Ligament

The annular ligament arises from the anterior
margin of the lesser sigmoid notch of the ulna,
also regarded as the radial notch [10]. The lesser
sigmoid notch/radial notch is identified as a nar-
row depression on the lateral aspect of the coro-
noid process of the ulna that provides an osseous
articulation with the proximal radius. The annu-
lar ligament then encircles the radial head and
neck, securing the proximal radius to the poste-
rior margin of the radial notch of the ulna
(Fig. 2.22). In so doing, the annular ligament per-
mits radial head rotation, which translates into
forearm pronation and supination [7, 10].

Great anatomic variability exists in the mor-
phology of the annular ligament. A broad con-
joined insertion formed by the LUCL as it blends
with the annular ligament has been observed in
approximately 45% of the population, while a
“bilobed” morphology was reported in 55% [10].
Although the anterior annular ligament attach-
ment typically appears as a single band, the pos-
terior attachment can consist of individual
superior and inferior components [10, 34].

While the proximal annular ligament fits
snuggly around the radial head, the inferior por-

(black arrow) superficial to the LUCL. The LUCL is evi-
dent curving around the radius to insert upon the supinator
crest of the ulna (short white arrows)

Fig.2.22 AX PDFS demonstrates the hypointense annu-
lar ligament (black arrows) encircling the radial neck and
inserting upon the radial notch (white arrowheads)

tion is more patulous, demonstrating a loose
synovial attachment to the radial neck [10, 34].
This morphology permits the degree of radial
head rotation necessary for pronation and supina-
tion, but the loose distal attachment also makes
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the ligament vulnerable to injury during elbow
dislocation, particularly in the pediatric popula-
tion. Frank disruption of the annual ligament has
been found to coincide with posterolateral elbow
instability in the form of increased anteroposte-
rior and mediolateral radial head movement [10].
This has led some to consider the annular liga-
ment as an important stabilizer of the radioulnar
joint despite its anatomic variability.

The composition of the annular ligament is
complex. The ligament receives contributions
from the LUCL, overlying supinator muscle, and
elbow joint synovium [34]. In some individuals,
the synovial contribution can be accentuated,
resulting in an accessory synovial fold emanating
from the lateral joint capsule above the level of
the annular ligament and extending into the
periphery of the radiocapitellar joint [34]. Since
the annular ligament receives contributions from
its neighbors, injuries of the annular ligament are
typically seen in combination with an injury to
other lateral collateral ligament complex compo-
nents. This anatomic relationship is important to
consider following elbow dislocation, as torn
annular ligament fibers can interpose within the
joint, preventing successful restoration of radio-
capitellar alignment which can lead to chronic
elbow pain and secondary osteoarthritis [10].

The Medial Compartment
Medial Compartment Muscles

The medial compartment is considered the flexor-
pronator compartment of the forearm. It contains
the pronator teres, flexor carpi radialis (FCR),
flexor carpi ulnaris (FCU), flexor digitorum
superficialis (FDS), palmaris longus (PL), and
flexor digitorum profundus (FDP) muscles. The
FCR, FCU, FDS, and PL converge to share the
same origin on the lateral humeral epicondyle.
This common tendon is referred to as the com-
mon flexor tendon (Fig. 2.23a—c). The common
flexor tendon reinforces the underlying ulnar col-
lateral ligament (UCL) and functions as a
dynamic stabilizer against excess valgus stress
[1]. Due to the insertion site upon the medial

humeral epicondyle, the included flexor muscles
are considered the “epicondylar muscles” of the
forearm.

The Pronator Teres

The pronator teres originates from the medial
epicondyle along with the common flexor tendon
and also has some fibers originating from the
medial aspect of the coronoid process (Fig. 2.24)
[5]. The pronator teres inserts on the lateral sur-
face of the mid-radial diaphysis and assists with
forearm pronation and elbow flexion [35]. Thus,
the resulting tendon complex formed between the
origin of the pronator teres and the common
flexor tendon is termed the common flexor-
pronator mass and provides dynamic resistance
against excess valgus stress [7, 36]. The pronator
teres is supplied by both the ulnar and the radial
arteries and is innervated by the median nerve.

The Flexor Carpi Radialis

The flexor carpi radialis (FCR) arises from the
medial epicondyle as part of the common flexor
tendon before inserting on the base of the second
and third metacarpals. It participates in hand flex-
ion and radial deviation (hand abduction) at the
wrist and is supplied by the ulnar artery and the
median nerve.

The Flexor Carpi Ulnaris

The flexor carpi ulnaris (FCU) originates from
the common flexor tendon but also has fibers
arising from the medial aspect of the ulnar olec-
ranon process and proximal dorsal ulnar shaft.
This places the muscle at risk for injury in the
setting of an olecranon process and proximal
ulnar fracture [35, 37]. The muscle inserts on the
pisiform, the hook of hamate, and the fifth meta-
carpal. The insertion on the pisiform and hamate
blends with the pisohamate ligament, just as the
attachment upon the base of the fifth metacarpal
involves the pisometacarpal ligament [37].

The FCU is supplied by the ulnar artery and
the muscular branches of the ulnar nerve (C7, C8,
and T1). The muscle acts to flex and adduct the
hand at the wrist [35, 37]. The interdigitating
anatomic relationship between the distal insert-
ing FCU tendon fibers and the underlying inter-
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Fig. 2.23 (a) AX T1 depicts the common flexor tendon
(white arrow) arising from the medial humeral epicon-
dyle (black *). The common flexor tendon is comprised
of the FCR, FCU, FDS, and PL origins. The tendon arises
superficial and slightly proximal to the UCL (white *).
(b) AX T1 depicts the common flexor tendon (white
arrowhead) arising from the medial humeral epicondyle

carpal ligaments is important to recognize as an
injury to the underlying carpal bones or liga-
ments can affect the FCU integrity. Similarly,
most muscles of the arm and forearm have ten-
don fibers that attach to the nearby intermuscular
fascia. Thus, fascial injuries can also involve the
compartmental musculature.

(black *). The common flexor tendon is comprised of the
FCR, FCU, FDS, and PL. The tendon arises superficial
and slightly proximal to the UCL (white *). (¢) COR
PDFS showing the common extensor tendon (white
arrows) arising superficial to the anterior band of the
UCL (black arrow)

The Flexor Digitorum Superficialis

The flexor digitorum superficialis (FDS) primar-
ily originates as part of the common flexor ten-
don with some fibers attaching to the medial
ridge of the coronoid process, the ulnar collateral
ligament, and the antebrachial fascia. Some
sources cite fibers also originating from the
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Fig. 2.24 AX PDFS showing the pronator teres (PT)
muscle arising from the medial humeral epicondyle with
the common flexor tendon, forming the “common flexor-
pronator mass” (white arrows). A small contribution of
fibers arise from the coronoid process of the ulna (white *)

superior-anterior aspect of the radial head [35].
The muscle inserts distally on the diaphysis of
the middle phalanges of the second through fifth
digits. The FDS flexes the middle phalanges of
these fingers at the level of the proximal interpha-
langeal joints. With additional effort, the FDS
also flexes the proximal phalanges of the same
fingers at the level of the metacarpophalangeal
joints and participates in wrist flexion when fin-
gers are extended [17, 35, 38].

The Palmaris Longus

The palmaris longus (PL) originates from the
medial humeral epicondyle as part of the com-
mon flexor tendon. The PL inserts on the flexor
retinaculum and upon the superficial portion of
the palmar aponeurosis to aid in hand flexion at
the wrist. It is supplied by the median nerve (C7,
C8) and the ulnar artery [6, 35].

The Flexor Digitorum Profundus

The flexor digitorum profundus (FDP) does not
arise as part of the common flexor tendon or
flexor-pronator mass. The FDP arises from the
proximal 3/4 of the anteromedial ulna and the
interosseous membrane and may include fibers
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Fig.2.25 AX T1 showing the FDP (white arrow) arising
posterior and separate from the common flexor tendon
(CFT). The FDP arises from the proximal ulnar shaft and
interosseous membrane

originating from the coronoid process as well
(Fig. 2.25) [1, 35, 37, 38]. The muscle inserts
upon the distal phalanges of the second through
fifth digits and participates in hand flexion at the
interphalangeal joints and with wrist flexion
when the fingers are extended [6, 35, 37, 38]. The
muscle receives dual innervation, with the medial
aspect supplied by the ulnar nerve (C8, T1) and
the lateral part supplied by the interosseous
branch of the median nerve (C8, T1). The corre-
sponding ulnar and anterior interosseous arteries
provide the respective blood supply [35].

The Flexor Pollicis Longus

Although the flexor pollicis longus (FPL) does
not arise at the level of the elbow, it is commonly
considered a lateral compartment muscle. The
FPL arises from the anterior aspect of the mid-
radius just inferior to the anterior oblique line and
the FDS. The FPL arises proximal to the pronator
quadratus muscle, with some fibers of the FPL
originating from the neighboring interosseous
membrane. Distally the FPL tendon passes
beneath the flexor retinaculum to insert upon the
base of the distal phalanx of the first digit to
enable flexion of the thumb [13, 35]. The muscle
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is innervated by the anterior interosseous nerve, a
branch of the median nerve, and is supplied by
the anterior interosseous artery [35].

A common anatomic variant is an accessory
head of the FPL that is also termed the “Gantzer
muscle.” This variation has a prevalence that
ranges in the literature from 45% to 66% [13].
The origin of the Gantzer muscle varies, with the
medial humeral epicondyle and the capitellum
being the most reported. However, a Gantzer
muscle originating from the actual muscle belly
of the FDS has also been reported, as has a “dual
origin” from the coronoid process and medial
humeral epicondyle [13]. The accessory Gantzer
muscle typically inserts distally onto the ulnar
aspect of the FPL and is innervated by the ante-
rior interosseous nerve [ 13]. Anatomic variability
of the Gantzer muscle can result in close proxim-
ity with either the anterior interosseous nerve or
the median nerve, thereby increasing the risk for
compressive neuropathy. Compression of either
nerve can lead to anterior interosseous syndrome
or pronator syndrome, respectively [13].

Medial Compartment Ligaments

The Ulnar Collateral Ligament

The principle ligament of the medial compart-
ment is the ulnar collateral ligament (UCL),
which lies just deep to the common flexor tendon.
The UCL is considered the main static stabilizer
against valgus stress, as defined when the elbow
is flexed greater than 20° [5]. The UCL is also
referred to as the medial collateral ligament, with
both terms used interchangeably, and is com-
prised of three bundles: the anterior, posterior,
and transverse or oblique bands (Fig. 2.26a) [7,
39—41]. The ligament complex is commonly
injured in overhead-throwing athletes which can
result in valgus instability particularly during the
late cocking and early acceleration phases of
throwing [42].

The Anterior Bundle of the Ulnar
Collateral Ligament

Mechanically, the anterior bundle is the most
important bundle as it participates most in resist-

ing valgus stress [7]. The anterior bundle arises
from the anteroinferior aspect of the medial epi-
condyle and inserts on the sublime tubercle of the
coronoid process (Fig. 2.26b, ¢) [1, 5, 43, 44].
The ligament has a linear morphology and is best
visualized in the coronal plane due to its orienta-
tion and demonstrates the expected low T1 and
T2 signal of ligaments. However, it is not uncom-
mon to see subtle increased signal at the medial
epicondylar attachment site on nonfat-saturated
images due to normal infiltration of “fibrofatty
slips” between the ligament fibers (Fig. 2.26d)
[7]. Distally, the ligament can insert 1-3 mm
beyond the articular cartilage forming a “pseudo-
T sign” where trace joint fluid or intra-articular
contrast insinuates between the bone and insert-
ing ligament fibers (Fig. 2.27) [7]. The pseudo-T
sign should not be confused with a true injury,
and as such should not extend beyond 3 mm in
craniocaudal length.

The role of the anterior bundle in resisting val-
gus stress appears most pronounced when the
elbow is flexed between 50° and 70° [44]. In sur-
gical and anatomic literature, the insertional
footprint of the anterior bundle is described as
being more substantial upon the ulna than previ-
ously believed, possibly contributing to its status
as the principle restraint against valgus and rota-
tional forces [42, 43, 45].

The Posterior Bundle of the Ulnar
Collateral Ligament

As the name implies, the posterior bundle arises
from the inferior aspect of the medial humeral
epicondyle immediately posterior and slightly
inferior to the anterior bundle and remains poste-
rior as itdescends to its ulnar insertion (Figs. 2.26¢
and 2.28). The posterior band has a somewhat
fan-like morphology as it tapers to insert on the
posteromedial aspect of the ulnar trochlear notch.
The band provides resistance against excess
internal elbow rotation [1]. The slightly different
anatomical positioning between the anterior and
posterior bands enables them to offer opposing
function, with the anterior band tightening during
elbow extension and the posterior band tighten-
ing with elbow flexion [41, 42]. These reciprocal
actions not only create stability but also place
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Fig. 2.26 (a) 3D volume rendering of the medial elbow
with an illustration of the anterior (ant), posterior (post),
and transverse (trans) bands of the UCL. (b) COR PDFS
depicting the anterior band of the UCL (white arrow). (c)
AX PDFS showing the proximal portions of the anterior
(black arrowhead) and posterior bands (white arrowhead)

both bundles at risk for injury secondary to repet-
itive elbow flexion and extension such as is seen
with overuse injuries in overhead-throwing ath-
letes [42].

The Transverse or Oblique Ligament

of the Ulnar Collateral Ligament

Unlike the anterior and posterior bundles, the
transverse bundle is often considered separately
and is referred to by some as the “transverse or

of the UCL. The ligamentous bundles are deep to the com-
mon flexor tendon (black long arrows). (d) COR PDFS
showing the proximal fibrofatty slips (white arrow) within
anormal UCL (black arrow). The macroscopic fat is satu-
rated on this image just as fat elsewhere in the elbow

oblique ligament.” The ligamentous band origi-
nates and inserts posterior and distal relative to
the anterior and posterior bands. The morphology
of the band ranges from linear to fanlike and is
oriented anterior-posteriorly so that it originates
and inserts on the ulna, failing to cross the ulno-
humeral joint [7, 39]. Unfortunately, the orienta-
tion of the ligament means that the ligament is
largely out of plane on conventional MR imag-
ing, making it difficult to fully appreciate.
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Fig. 2.27 “Pseudo-T sign”: COR PDFS shows a low
intact insertion of an intact anterior band of the UCL onto
the ulna, immediately distal to the hyaline cartilage

Fig. 2.28 AX PDFS at the level of the olecranon process
demonstrating the anterior (black arrowhead) and poste-
rior (white arrowhead) bands of the UCL as they descend
toward their ulnar insertions. The bands of the UCL
remain deep to the common flexor tendon (black arrow)

Historically this has been of limited concern,
because the transverse ligament was thought to
not participate in elbow stabilization due to its
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failure to cross the joint. However, a more recent
investigation in the anatomic literature suggests
that fibers of the transverse ligament may blend
with fibers of the anterior bundle [42, 45]. Thus,
it is possible that the transverse ligament does
participate to some degree in elbow stability, pos-
sibly by reinforcing other bundles; however, the
biomechanical significance remains unclear and
merits further assessment [7].

The Posterior Compartment
Posterior Compartment Muscles

The Triceps

The triceps muscle gets its name from having
three proximal origins and muscle bellies. The
long head originates from the infraglenoid tuber-
cle of the scapula. The medial and lateral heads
both originate from the proximal humerus, with
the lateral head arising from the upper half of the
posterior humeral diaphysis and the medial head
arising from the posteromedial humeral diaphy-
sis. The medial head originates distal to other tri-
ceps origins and deep and medial relative to both
the lateral and the long heads of the triceps [6].
Together the three muscle bellies converge to
form a single thick distal tendon that inserts upon
the olecranon process of the ulna [6, 7]. The distal
triceps tendon does not insert directly on the tip of
the olecranon process, where there is limited sur-
face area, but approximately 1 cm distal to the
olecranon tip (Figs. 2.29 and 2.30). This greater
surface area permits a stronger tendon insertion,
believed to translate into increased triceps strength
and stability [1]. All three heads of the triceps are
innervated by the radial nerve, while the blood
supply is derived from the brachial artery, the
superior ulnar collateral artery, and the profunda
also referred to as the deep brachial artery [1, 7].

The Anconeus

The anconeus is a short, transversely oriented
muscle that arises from the posterior lateral
humeral epicondyle and inserts on the lateral
aspect of the olecranon process and the super-
lateral aspect of the ulna in close proximity to the
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Fig. 2.29 SAG T1 demonstrating the triceps insertion
(black arrow) approximately 1 cm distal to the tip of the
olecranon process (*)

Fig. 2.30 AX T1 shows a normal triceps insertion (¥).
Fibrofatty slips can interdigitate between the tendon
fibers. Other muscles identified at the same level include
anconeus (A), extensor carpi radialis longus (ECRL), bra-
chioradialis (BR), brachialis (B), distal biceps tendon
(white arrow), and superficial head of the pronator teres
(black arrow)

edge of the distal triceps tendon (Fig. 2.31) [35].
The close anatomic relationship suggests the
function of the anconeus, which is to assist the

Fig. 2.31 AX T1 shows the anconeus (A) muscle poste-
rior to the common extensor tendon (CET) and extensor
digitorum (ED) muscle. Other anatomy identified at this
level include the extensor carpi radialis longus (ECRL),
brachioradialis (BR), brachialis (B), distal biceps tendon
(white arrow), pronator teres (PT), and common flexor
tendon (CFT)

triceps with elbow extension, while also provid-
ing dynamic reinforcement for the lateral ulnar
collateral ligament that lies deep to it [1]. The
anconeus is innervated by the radial nerve (C7,
C8) and receives its blood supply from the mid-
dle collateral branch of the profunda brachial
artery.

A common anatomical variant is an accessory
anconeus muscle called the anconeus epitrochle-
aris (Fig. 2.32a, b). The reported prevalence of
this muscle ranges greatly in the literature from
1% to 34% [1]. This muscle extends from the
olecranon to the medial epicondyle, following
the same obliquity as the cubital tunnel retinacu-
lum. This has led some to consider the muscle to
be a failure of developmental regression during
the formation of the cubital tunnel retinaculum
[1, 13]. However, the muscle acts in tandem with
the triceps, contracting during arm extension,
leading others to postulate that the epitrochlearis
may instead be an accessory component of the
medial head of the triceps [1]. The clinical sig-
nificance of this muscle is the association with
cubital tunnel syndrome due to ulnar nerve
compression.
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Fig.2.32 (a) AX T1 shows a normal cubital tunnel at the
level of the anconeus muscle (A) and the medial humeral
epicondyle (black *). The tunnel is bounded by a thin
hypoechoic retinaculum (black arrows). The ulnar nerve
(white *) is located within the anterior tunnel. Adjacent to
the nerve and also within the cubital tunnel are branches

The Ulnar Nerve and Cubital Tunnel
The ulnar nerve (C8-T1) is a mixed motor and
sensory nerve to the upper extremity [19]. It
supplies sensation to the dorsal and volar
aspects of the digital tips of the fourth and fifth
fingers. The nerve also supplies the volar aspect
of the fifth finger and the lateral half of the
fourth finger, along with sensation to the super-
ficial soft tissues of the medial forearm, wrist,
and palm [19]. The ulnar nerve also provides
proprioception to the elbow joint and motor
innervation to much of the hand and to the
medial forearm. In the forearm, there are mus-
cular motor branches of the ulnar nerve that
supply the flexor carpi ulnaris and the flexor
digitorum profundus. Distally, motor branches
of the ulnar nerve innervate the hypothenar
muscles, third and fourth lumbricals, dorsal and
palmar interossei, adductor pollicis brevis, and
palmaris brevis muscles [46].

The ulnar nerve descends along the medial
arm, gradually adopting a more posteromedial
course after piercing through the medial inter-

of the superior and inferior ulnar collateral and posterior
ulnar recurrent arteries. (b) AX T1 an accessory anconeus
muscle is located deep to the cubital tunnel retinaculum
(black arrow). Normally there is no muscle above the
ulnar nerve (white arrow)

muscular septum at the level of the arcade of
Struthers, an aponeurotic condensation that
connects the medal head of the biceps to the
medial intermuscular septum [19, 22, 46, 47].
At the distal arm, the ulnar nerve is within the
superficial subcutaneous tissues directly poste-
rior to the medial humeral epicondyle. At the
elbow and proximal forearm, the nerve passes
beneath the cubital tunnel retinaculum that
spans the two heads of the extensor carpi ulna-
ris, entering the fibromuscular channel called
the cubital tunnel [48]. Here, there is typically
no overlying protective muscle present, and this
leaves the nerve relatively exposed to direct
trauma. Distally, the nerve runs between the
flexor digitorum profundus and superficialis
muscles of the forearm.

The cubital tunnel is distinct from the cubital
fossa of the anterior elbow. The cubital tunnel is
located along the posteromedial elbow and serves
as a fibromuscular fat-filled conduit through
which the ulnar neurovascular bundle passes into
the proximal forearm. The roof is formed by
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Fig. 2.33 AX T1 showing a close-up of the linear T1
hypointense cubital tunnel retinaculum (black arrows)
between the ulnar and humeral heads of the extensor carpi
ulnaris muscle (white arrows). The ulnar nerve (¥) is adja-
cent to the posterior ulnar recurrent artery and vein

cubital tunnel retinaculum, which has several
names. Most commonly this ligament is referred
to as the cubital tunnel retinaculum, Osborne’s
ligament, the arcuate ligament of Osborne, or
simply the arcuate ligament [48]. The floor is
comprised of the posterior bundle of the UCL
and joint capsule [7, 48]. The tunnel contains the
ulnar nerve and the posterior ulnar recurrent
artery and vein (Fig. 2.33) [1].

There is considerable anatomic variability
associated with the cubital tunnel. The cubital
tunnel retinaculum may be indiscernible in
10-25% of the general population, possibly pre-
disposing those individuals to excessive ulnar
nerve subluxation [7]. Varying degrees of cubital
tunnel retinacular thickening have been reported
without symptom correlation.

Since the cubital tunnel is a fat-filled space bor-
dered by connective tissue, arm position results in
a dramatic change in the tunnel’s cross-sectional
area and the subsequent pressure within the tunnel
[1, 49]. Furthermore, because the cubital tunnel is
a tight anatomic space, any space-occupying struc-
ture can cause impingement. Examples include a
developmentally low origin of the medial triceps

27

crowding the proximal cubital tunnel, or the pres-
ence of an accessory anconeus muscle can cause
ulnar nerve impingement and the development of
cubital tunnel syndrome [7].

Anatomic variants affecting the ulnar nerve
exist beyond the morphology of the cubital tun-
nel. One variant located at the level of the elbow
and proximal forearm is an anastomosis between
the median and ulnar nerve that can occur any-
where between the medial epicondyle to the
hand. This variation is referred to as a “Martin-
Gruber anastomoses” [48, 50]. As a conse-
quence of this variation, patients can have
preserved motor function to their hand despite
ulnar nerve injury because the motor innerva-
tion is maintained by branches from the median
nerve.

The Olecranon Process

and the Olecranon Fossa

The protuberant olecranon process of the ulna is
the chief bony landmark of the posterior elbow.
The olecranon articulates with a smooth depres-
sion located on the posterior distal humerus that
is referred to as the olecranon fossa. The elon-
gated shape of the olecranon provides static sta-
bility to the subsequent ulnohumeral joint. The
fossa is filled with a fat pad that usually insinu-
ates between the fossa and olecranon process,
and normally is not readily discernible on imag-
ing. However, the fat pad can become lifted supe-
riorly by a joint effusion or traumatic
hemarthrosis, making it visible on cross-sectional
imaging and radiography.

The Olecranon Bursa

Superficial relative to the olecranon process,
there is a synovial-lined space called the olecra-
non bursa. The bursa is interspersed between the
posterior skin, the distal triceps, and the tip of the
olecranon process. The purpose of the bursa is to
allow smooth motion of the triceps and olecranon
beneath the skin during elbow flexion and exten-
sion [3]. Typically, the bursa is collapsed and not
readily visible on imaging unless it becomes
distended by fluid from an inflammatory, infec-
tious, or posttraumatic entity.
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Fig.2.34 (a) AX PDFS axis of image for coronal acqui-
sition (white line) oriented parallel to the humeral epicon-
dyles. (b) AX PDFS axis of image acquisition for sagittal

MRI Optimization of the Elbow

Due to the complexity of the elbow joint, multi-
planar imaging is crucial in order to best interro-
gate the various ligaments and tendons that
stabilize and act on the joint. The slightly oblique
course followed by most of the ligaments and the
tendons necessitates that images in all planes be
acquired slightly oblique relative to the proximal
ulna and radius (Fig. 2.34a, b) [7]. Regardless of
the plane of image acquisition, the field of view
should begin above the level of the humeral epi-
condyles in order to include the origins of the
common flexor and extensor tendons. Imaging
should continue distally beyond the radial tuber-
osity to ensure the entire course of the distal
biceps is imaged (Fig. 2.35).

All imaging planes and sequences assess bone
marrow signal and muscular bulk. The axial
plane of imaging is useful for evaluating short-
axis, cross-sectional anatomy. Axial nonfat-
saturated imaging is chiefly to evaluate anatomy
as it displays the morphology, bulk and signal of
the muscle bellies, tendons, and integrity of the
muscular fascial planes and the perineuronal fat

imaging (white line), bisecting the distal biceps tendon
(arrow) and olecranon tip (*)

Fig.2.35 COR image showing the AXTAL craniocaudal
field of view that should extend from the humeral epicon-
dyles proximally (white line) to the radial tuberosity infe-
riorly (black line)
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planes [29]. Axial imaging is particularly crucial
for evaluating the integrity of the annular liga-
ment, which lies almost entirely in the axial plane
[10, 34]. Adding axial fluid-sensitive, fat-
saturated imaging assists in detecting pathology
such as muscle fiber replacement or edematous
obscuration of the normal muscular fascial planes
and the perineuronal fat. Thus, in some facilities,
the routine elbow MRI protocol includes both an
axial T1 or PD nonfat-saturated sequence along
with an axial fluid-sensitive fat-saturated
sequence.

Conventional coronal plane imaging should
be oriented in plane relative to the distal humeral
condyles. Obtaining a coronal-oblique plane of
imaging is accomplished by angling the localizer
lines approximately 20-30° relative to the longi-
tudinal axis of the ulna when the imaged arm is in
full extension. This obliquity optimizes evalua-
tion of the collateral ligaments, particularly the
longitudinal course of the lateral ulnar collateral
ligament, and is in-plane with the joint capsule
[51]. Coronal or coronal-oblique imaging com-
plements axial-plane imaging for better assess-
ment of anatomic ligamentous integrity, since
both the radial- and ulnar-sided ligaments are
largely oriented in a coronal-oblique plane. This
alignment is particularly true of the LUCL and
RCL, which are both best evaluated on coronal/
coronal-oblique images [10]. Coronal imaging is
also ideal as a supplemental view in conjunction
with axial imaging to evaluate the integrity of the
common flexor and extensor tendon origins,
underlying epicondylar marrow signal, and artic-
ular cartilage of the distal humerus, radial head,
and proximal ulna [9]. Thus, the inclusion of T1-
or PD-weighted nonfat-saturated coronal or
coronal-oblique imaging along with coronal
fluid-sensitive fat-saturated imaging should be
considered.

A least one sequence acquired along the sagit-
tal plane should be included in imaging evalua-
tion of the elbow. Sagittal imaging is particularly
useful for evaluating the craniocaudal longitudi-
nal morphology of the triceps tendon and the
integrity of its distal insertion. This plane of
imaging is also useful when evaluating a joint
effusion, fat pad displacement, olecranon bursal

distention, and torn DBT retraction. Sagittal
imaging helps assess the long-axis extent of
marrow-replacing lesions, integrity of articular
cartilage, morphology of the radial neck, and
visualization of the inferior margin of the annular
ligament, which adopts a fanlike or funnel-
shaped appearance, as it tapers toward the radial
neck [10, 34].

Special Considerations

If a study is being performed specifically to
assess the DBT integrity, evaluation is optimized
by placing the patient prone in the scanner and
positioning the affected arm so that it is abducted
over the patient’s head with the elbow flexed and
forearm supinated, resulting in a “thumb up”
position [9]. This position has the advantage of
laying out the oblique course of the DBT so that
it is better captured in the plane of imaging [9].
If a study is being performed specifically to
evaluate the integrity of the ligamentous joint
capsule or to characterize a partial tendon tear,
then MR arthrography is preferred over conven-
tional MR imaging. The heightened contrast-to-
noise ratio, accomplished with the installation of
intra-articular contrast for the purpose of MR
arthrography, has been shown to increase detec-
tion of ligament tears and partial tendon tears
[31]. MR arthrography is also used to assess the
stability of osteochondral defects and the pres-
ence of joint bodies and to evaluate postsurgical
elbows [7, 9]. CT arthrography can be performed
to better assess the elbow capsular integrity, car-
tilage, and intra-articular anatomy in patients for
whom MRI is clinically contraindicated.
Intravenous gadolinium contrast with fat-
saturated, multiplayer post-contrast imaging
should be added when malignancy, inflamma-
tion, or a marrow-replacing process is suspected.
Pre-contrast, fat-saturated T1-weighted imaging
should also be included for comparison purposes
in at least one plane, in order to distinguish true
enhancement from intrinsically T1 bright tissue
[9]. Regardless of the imaging plane selected, it
is also beneficial to demarcate the area of clinical
concern with a vitamin E capsule on the overly-
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ing skin surface. This ensures inclusion of the
area in the field of view. If a superficial mass is
suspected, care should be taken when applying
the capsule so as not to compress and obviate the
area of concern. In some institutions, the proxi-
mal and distal margins of a palpable mass are
marked rather than the epicenter of the mass
itself. This decreases the risk of compression as
well as obscuration by artifact due to the intrinsic
T2 relaxation time of the oily vitamin E capsule.

Technical Imaging Parameters

The technical parameters for image acquisition
should be tailored with the aim of optimizing spa-
tial resolution in order to offer the best delineation
of the delicate ligaments and neurovascular bun-
dles of the elbow. This is accomplished by using a
small FOV of 10-12 cm, multiple acquisitions
(>1), use of an extremity coil, and imaging per-
formed on a 1.5T or higher, with 3T being pre-
ferred at some institutions [8, 9, 31]. Image slice
thickness should be thin, with minimal anatomic
gapping [4, 52]. This translates to a slice thickness
that is 34 mm or less and an image gap of less
than 1 mm, with a common selection of 0.3—
0.5 mm and some advocating for a gap of 0.3 mm
or less [7, 31]. Thin image slice thickness and nar-

row gapping are recommended for both conven-
tional MR imaging and MR arthrography [7, 9].

Patient positioning is somewhat determined by
the patient’s condition, size, and MRI coil selection.
For the conventional elbow MRI exam, patients can
be imaged either prone, prone-oblique, or supine.
However, supine positioning, with the affected arm
at the patient’s side, appears to be more comfortable
and better tolerated, resulting in less potential
motion artifact [7, 9, 52]. This position is made pos-
sible when a phased array multichannel extremity
coil is available [8]. Unfortunately, this position
places the elbow outside of the MRI magnetic iso-
center, causing field inhomogeneity and incomplete
fat saturation (Fig. 2.36a, b) [7, 53]. In instances
where there is significant artifact degradation, the
use of STIR imaging may result in improved fat
suppression but at the cost of decreasing the signal-
to-noise ratio [7, 54]. Manual shimming has also
been suggested as a means of decreasing field inho-
mogeneity artifact [8].

Conversely, when the arm is raised over the
patient’s head and the patient is placed either
prone or prone-oblique, the arm becomes closer
to the MRI isocenter with improved signal homo-
geneity and subsequent fat saturation [7-9, 51].
Accommodating large patients may necessitate
imaging with the arm extended above the patient’s
head while the patient is lying obliquely in the

Fig.2.36 (a)Localizer demonstrating arm positioned at the patient’s side. (b) AX T2FS demonstrating the subsequent
failed fat saturation of the lateral subcutaneous tissues
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bore. However, these positions are often less
comfortable increasing the likelihood of motion
degradation [7-9].

Tailoring the MRI for the purpose of evaluat-
ing the DBT may necessitate patient reposition-
ing. As state previously, some advocate for
imaging with the patient prone or oblique in the
bore with their arm raised above their head and
their elbow flexed while the forearm is partially
supinated resulting in a “thumb up” position. This
position, called the FABS technique, an acronym
for flexed abducted supinated view, captures the
entire length of the tendon in one imaging plane
often on a single image [9, 55]. However, this
position may be difficult to maintain if patients
have pain or limited mobility. Options include
beginning the examination with conventional
patient positioning and then repositioning the
patient into FABS positioning for final sequences.

MR Elbow Arthrography

The instillation of contrast into the elbow joint
can be performed using a lateral, posterior, or
posterolateral approach under fluoroscopic or
ultrasound guidance for a subsequent MR or CT
arthrogram [7]. To perform a lateral approach
injection, the patient is placed with the arm
extended overhead, and the elbow is flexed 90°.
After the skin is cleaned, prepped, and draped,
local anesthetic is given, and a 22-gauge needle
is advanced into the radiocapitellar joint just
above the central articular surface of the radial
head (Fig. 2.37) [7, 56]. This approach is the
most commonly used, particularly in institu-
tions where injection is performed on a standard
fluoroscopy unit without the advantage of a
C-arm. This approach is possible to perform
within the fixed space between the fluoroscopy
table and camera intensifier and is advantageous
if there is suspected injury to the triceps tendon
or posterior compartment.

A posterior approach aims the needle tip between
the olecranon process, the humeral olecranon fossa,
and the radial head [7]. This approach has the
advantage of completely avoiding the radial collat-
eral ligament, which may be of particular interest if
the patient presents with lateral elbow symptoms.

Fig. 2.37 Fluoroscopic image documenting the needle
directed into the radiocapitellar joint from a lateral
approach with the needle aimed just above the central
articular surface of the radial head

The patient’s elbow is placed in a 90-degree flexion,
and the needle is advanced between the humeral
condyles just cranial relative to the tip of the olecra-
non process (Fig. 2.38) [7, 8]. This approach is par-
ticularly useful if a C-arm is available that enables
multiplanar guidance in order to assess needle depth
during needle advancement.

The posterolateral approach begins with the
patient placed with their elbow at 90 degrees of
flexion. However, the needle is advanced between
the olecranon process, the posterior lateral distal
humerus, and the radial head so as to miss both
the radial collateral ligament complex anteriorly
and the triceps tendon posteriorly [7]. This final
approach is less frequently used than the lateral
and posterior techniques, as the obliquity of the
needle can make it difficult to assess needle
depth.

Regardless of the needle approach, once intra-
articular needle tip placement is confirmed, a
total of 5-10 cc of dilute gadolinium contrast is
instilled into the joint. The degree of contrast
administered varies greatly across institutions
with the most common quantity appearing to fall
between 5 and 8 cc [8, 9, 40, 51]. The contrast
should distend the joint capsule, filling the poste-
rior olecranon recess, anterior humeral recess,
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Fig. 2.38 Fluoroscopic image illustrating the posterior
approach with the needle aiming between the humeral
condyles, just above the tip of the olecranon process

Table 2.1 Example of MR protocol parameters for 1.5T

Fig. 2.39 Posterior postinjection radiograph showing the
needle directed into the olecranon recess, and contrast in
the anterior humeral recess (black arrow) and the annular
recess (white arrow)

Elbow routine Ax T1 Ax T2 FS Cor T1 Cor T2 FS Sag T2 FS
FOV (mm) 120-140 120-140 140 140 140
Thickness (mm) 3 3 3 3 3

Spacing 0.5-0.8 0.5-0.8 0.5-0.8 0.5-0.8 0.5-1
Matrix 230/256 230/256 250/384 208/384 250/384
Voxel size (mm?) <1 <1 <1 <1 <1

TR 400-750 3000-4750 400-750 3000-4750 3000-4750
TE <30 60-70 <30 60-70 60-80
Total scan time (min) 14-17

and annular recess that encircle the radial neck
(Fig. 2.39) [8].

The most common contrast concentration
utilized for MRI arthrogram is 1 in 200 dilution
of gadolinium. This ratio is obtained by draw-
ing up 0.1 cc of gadolinium and diluting into a
20 cc mixture. The mixture often contains a
combination of saline, iodinated contrast, and
anesthetic such as lidocaine, bupivacaine, or
ropivacaine. Contents and amounts can vary
between institutions but the gadolinium dilu-
tion is constant.

Post-arthrogram imaging should be obtained
less than 1 hour following contrast injection to

prevent absorption or extra-articular extravasa-
tion of contrast resulting in a non-arthrographic
imaging study [51]. An example arthrography
protocol consists of T1 fat-suppressed triplanar
imaging in axial, coronal, and sagittal planes, fol-
lowed by fat-suppressed fluid-weighted coronal
imaging and sagittal imaging that is either T1- or
T2-weighted without fat suppression [9]. Some
institutions advocate for two imaging planes such
axial and sagittal being performed with T1 fat
saturation, while the coronal plane is T1-weighted
without fat saturation, followed by triplane fluid-
sensitive imaging all with fat saturation (Tables
2.1 and 2.2) [7].
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Image Optimization

Image optimization largely centers on maximiz-
ing the signal-to-noise ratio (SNR) and anatomic
detail in order to adequately assess the small and
intricate anatomy of the elbow. This is predicated
on appropriate coil selection, with preference for
dedicated extremity phased array coils that are
capable of functioning as both send and receive
coils.

Choosing an appropriate field of view (FOV)
requires optimizing patient position so that the
elbow is located as close to the magnetic isocen-
ter as possible, as well as excluding unnecessary
peripheral detail and extra-anatomic dead space
[4]. Selecting a FOV that is too large can increase
the likelihood of inhomogeneous fat saturation,
while selecting one that is too small, particularly
in a large patient, can accentuate anatomic wrap
artifact [54, 57]. Maximizing SNR is particularly
important for fat-saturated fluid-sensitive
sequences which due to their acquisition param-
eters have less intrinsic signal relative to noise to
begin with [57]. To compensate, SNR can be
optimized by decreasing the time to echo (TE),
thereby increasing the time for signal detection
by the MR unit [57]. Increasing voxel size can be
accomplished by reducing the matrix size or
increasing the FOV [54, 57]. For larger joints or
larger patients, SNR can also be improved by
increasing slice thickness.

Another hurtle in quality image acquisition is
an inability to apply satisfactory post-contrast fat
saturation due to metal artifact or old equipment.
Such a failure degrades visualization of adminis-
tered contrast that is intrinsically T1 bright
similar to the neighboring fat. To improve ana-
tomic conspicuity, consider increasing the num-
ber of signal averages (NEX) to increase available
signal and subsequently improve
SNR. Unfortunately, this technique lengthens
overall imaging time and therefore may not be a
popular option for sites with busy MR schedules
[57]. For conventional non-orthographic MR
studies, fat saturation can be improved by replac-
ing traditional T2-weighted sequences with STIR
imaging. In addition, some MR vendors have
released metal artifact reduction software that is

specifically intended to decrease susceptibility
artifact for MR and MR arthrography exams
using parameter modification such as manipula-
tions in acquisition bandwidth [54]. These soft-
ware packages may be worth considering if a
large percentage of the patient population present
with orthopedic hardware.

Overall, the small size and anatomic complex-
ity of the elbow result in special considerations
that affect the physical imaging and subsequent
radiologic interpretation of the joint. Familiarity
with the off-axis alignment of the joint is crucial
when orienting the planes of imaging in order to
acquire satisfactory images. Awareness of the
close anatomic relationship that exists between
the bones, ligaments, and tendons of the joint is
imperative for competent assessment of elbow
integrity and the recognition of injury patterns,
many of which will be presented in the following
chapters.
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Elbow Pathology: Traumatic

Lindsay Stratchko, Lauren Ladd,
and Donna G. Blankenbaker

Osseous Fractures

Radiographs are the imaging method of choice
for evaluation of patients with traumatic elbow
pain. Magnetic resonance (MR) imaging plays a
role in the identification of subtle or radiographi-
cally occult fractures and characterizes associ-
ated soft tissue injuries of the elbow. Additional
advantages of MR imaging include the ability to
image patients in a cast without significant reduc-
tion in image quality.

Radial Head/Neck Fractures

Etiology and Clinical Presentation

Radial head fractures are the most common
elbow fractures, accounting for approximately
33% of elbow fractures [1]. Patients often pres-
ent following fall on an outstretched hand with
the elbow in extension and forearm in prona-
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tion. This position results in longitudinal force
transmission from the wrist to the radial head.
Isolated radial head or neck fractures occur if
the integrity of the interosseous membrane and
the distal radioulnar joint (DRUJ) are main-
tained; however, Essex-Lopresti fractures
result when a radial head fracture is combined
with interosseous membrane and DRUJ com-
promise. The constellation of injuries associ-
ated with Essex-Lopresti fractures impairs
longitudinal stability of the forearm, often
requiring operative management to restore
axial strength and prevent proximal migration
of the radius.

Approximately one third of radial head frac-
tures are associated with additional elbow or
wrist fractures, elbow dislocation, or ligament
injuries [1]. Patients often present with lateral
elbow pain and limited forearm pronation and
supination. Additionally, the presence of an
elbow effusion may inhibit full elbow flexion and
extension.

Imaging/Classification

While radiographs are first-line imaging in
patients with suspected radial head fracture, MR
imaging has been shown to be a useful tool in
detecting radiographically occult fractures in
adult patients with elbow effusion on radiographs
following trauma [2]. The best diagnostic clue is
a positive fat pad sign on lateral radiograph
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(Fig. 3.1). Radial head fractures are typically a
longitudinal fracture line located in the lateral
aspect of the radial head, while radial neck frac-
tures are seen as buckling or angulation of the
radial head/neck junction and typically oriented
in the transverse plane.

Fig.3.1 Elbow joint effusion. A 54-year-old female pres-
ents with elbow pain after a fall. Lateral elbow radiograph
shows elevation of the anterior (arrow) and posterior
(curved arrow) fat pads consistent with an elbow effusion

Fig. 3.2 Mason
classification of radial
head fractures

Type |

Type llI

Mason Classification

The most widely used classification for radial
head fractures is the Mason classification
(Fig. 3.2) which describes the degree of displace-
ment, comminution, and the presence or absence
of elbow dislocation [3]:

e Type I fractures are displaced less than 2 mm
and lack a mechanical block to motion
(Fig. 3.3).

e Type II fractures are displaced greater than
2 mm, and restricted range of motion may or
may not be present.

e Type III fractures are comminuted and dis-
placed greater than 2 mm. A mechanical block
to motion is present.

e Type IV fractures include a radial head frac-
ture in the setting of elbow dislocation.

Treatment

Isolated nondisplaced radial head fractures with
preserved range of motion may be managed con-
servatively with immobilization. In the event of
fracture displacement, comminution, or addi-
tional elbow fractures, operative intervention is
often required. Options for management include
radial head resection for low-demand patients at

Mason Classification
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Fig. 3.3 Radial head fracture. A 56-year-old woman
presents with elbow pain after a fall. Sagittal T1 image (a)
shows a minimally depressed intra-articular radial head
fracture (arrow). Axial T1 image (b) details articular sur-

the time of injury or if the patient experiences
continued pain after failed trial of conservative
management. Open reduction and internal fixa-
tion (ORIF) is indicated in Mason type II or III
fractures where fragment reduction and fixation
are feasible. In the event of highly comminuted
fractures where anatomic reduction is not achiev-
able or elbow fracture dislocations (including
Essex-Lopresti injuries), radial head arthroplasty

face involvement of the low-signal fracture line (arrow).
Coronal T2 fat-suppressed image (¢) demonstrates the
extent of bone marrow edema within the proximal radius
(arrow)

is an option to restore radial length and range of
motion [4].

Olecranon Fractures
Etiology and Clinical Presentation

Various forces upon the elbow produce different
types of olecranon fractures, including trans-
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verse, oblique, and comminuted fractures.
Contraction of the triceps muscle during elbow
extension or eccentric contraction during throw
deceleration generally results in transverse olec-
ranon fractures. Repeated contact of the olecranon
process with the olecranon fossa in valgus exten-
sion produces oblique fractures. Comminuted
fractures often follow direct blow injuries.
Olecranon fractures occur in a bimodal distribu-
tion with young, athletic individuals suffering
fractures from high-energy injuries, while elderly
patients are more susceptible to low-energy
mechanisms such as falls [5].

Imaging/Classification

Colton Classification

Multiple olecranon fracture classification systems
have been described without universal acceptance
of a single system. The Colton classification was
initially outlined in 1973, which was based on
mechanism of injury, fracture morphology, and
elbow stability [6]. According to the Colton clas-
sification, olecranon fractures are categorized as
either nondisplaced (type I) or displaced (type II)
(Fig. 3.4). Nondisplaced fractures are considered
those who have less than 2 mm of displacement,
and the degree of displacement does not increase
with elbow flexion. Displaced fractures are further
subcategorized based on fracture morphology:

e Type I: Nondisplaced fractures with less than
2 mm displacement (Fig. 3.5)
e Type II: Displaced fractures:
— a: Avulsion fractures involving the triceps
insertion
— b: Oblique or transverse fractures
— c¢: Comminuted fractures
— d: Olecranon fracture in combination with
elbow dislocation

AO Classification

AO is the acronym for Arbeitsgemeinschaft fiir
Osteosynthesefragen which translates in German
to “working group for bone fusion issues.” The
AO classification was designed as a comprehen-
sive long bone fracture classification system.
Originally introduced in 1987, the AO classifica-

tion remains in use today after validation [7]. The
first component of the AO method includes the
specific bone as well as the involved segment of
bone. The proximal ulna is denoted “2U1” in the
AO scheme (Fig. 3.6). Once the bone and seg-
ment are established, the joint involvement is
detailed as either extra-articular (A), partial artic-
ular (B), or complete articular (C). Further subdi-
visions are as follows:

e Extra-articular fractures (A)
— 1: Avulsion of the triceps insertion
— 2: Simple proximal metaphyseal fracture
— 3: Multifragmentary proximal metaphyseal
fracture
e Partial articular fractures (B)
— 1: Olecranon fracture
— 2: Coronoid fracture
e Complete articular fractures (C)
— 3: Complex articular fracture involving
both the olecranon and coronoid

Mayo Classification

The Mayo classification was first described in
1993 by Cabanela and Morrey to simplify prior
olecranon classification systems [8]. This system
characterizes fractures based on displacement,
comminution, and stability of the ulnohumeral
joint, which implies the condition of the ligament
stabilizers (Fig. 3.7):

e Type I fractures are nondisplaced.

e Type II fractures are displaced; however, the
ulnohumeral joint remains stable. Type II frac-
tures are the most common type of olecranon
fractures.

o Type III fractures are displaced fractures with
joint dislocation or instability during valgus
and/or varus stress, indicating collateral liga-
ment tears. Type III fractures are often associ-
ated with additional elbow fractures of the
radial head or coronoid process.

Each fracture type is further subdivided into
noncomminuted (A) or comminuted (B) fractures
[9]. The Mayo classification has been shown to
have poor reproducibility in the clinical setting,
and several studies have shown the fracture types
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Fig. 3.4 Colton
classification of
olecranon fractures

Type | Type lla

Type lib Type llc

Type lld (post-reduction)

did not demonstrate differences in outcomes [10, ¢ Transverse fractures occur at or near the apex

11]. Despite these limitations, the Mayo classifi- of the sigmoid notch and are often associated

cation system is commonly used in clinical and with an avulsion mechanism.

research applications. e Transverse-impacted fractures are typically
comminuted and result in depression of the

Schatzker Classification articular surface.

The Schatzker classification system is based on ¢ Oblique fractures result from abnormal con-

fracture pattern and takes into consideration the tact between the olecranon process and the

type of fixation required (Fig. 3.8) [12]: olecranon fossa during elbow hyperextension.
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Fig. 3.5 Colton type I olecranon fracture. A 64-year-old
man presents with elbow pain after a fall. Coronal T1 (a)
and sagittal T2 fat-suppressed (b) images show the low-

These fractures often originate at the sigmoid
notch and extend distally.

e Comminuted fractures typically follow high-
energy trauma and are associated with addi-
tional elbow injuries.

e Oblique-distal fractures extend distal to the
coronoid process and often alter elbow
stability.

e Fracture dislocations are generally a result of
severe elbow trauma and are associated with

signal fracture line (arrow), which corresponds with the
nondisplaced intra-articular fracture (arrow) on sagittal
CT (¢)

concomitant injury to the static and dynamic
elbow stabilizers as well as additional
fractures.

Treatment

Conservative management can often be trialed in
nondisplaced fractures or elderly patients with
low demand. Operative management consists of
one of the four techniques, including fragment
excision, tension band fixation, plate fixation,
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!

Type 2U1A2

Type 2U1A1

Type 2U1A3

Fig. 3.6 AO classification. The proximal olecranon is
designated bone “2U1” in this classification Scheme. A
extra-articular, B partial articular, C complete articular.

and intramedullary fixation. Fragment excision
is preferred in patients with small fracture
fragments or poor bone quality that could impede
adequate healing, such as patients with osteopo-
rosis. The principle of the tension band tech-
nique involves conversion of distracting forces
into dynamic compression across the fracture
(Fig. 3.9). Intramedullary fixation can be used
alone or in combination with tension bands to
treat simple transverse or oblique olecranon
fractures. Finally, comminuted fractures often
require plate stabilization, which can support
bone graft material in the event of articular sur-
face depression [13].

Coronoid Fractures

Etiology and Clinical Presentation

The presence of a coronoid process fracture sig-
nifies an episode of elbow instability, often fol-
lowing posterior subluxation or dislocation of the
olecranon resulting in shear injury of the coro-
noid process. Elbow stability is related to the size
of the coronoid process fracture fragment as the
anterior joint capsule inserts approximately
6 mm distal to the coronoid tip. Another major
elbow stabilizer, the anterior band of the ulnar
collateral ligament, inserts approximately 18 mm
from the coronoid tip. Coronoid fractures can
occur in isolation or in association with postero-
medial rotatory instability (PMRI) and postero-
lateral rotatory instability (PLRI) or in the terrible

Type 2U1B1 Type 2U1B2 Type 2U1C3

Further subdivision with numbers designates the location
of the fracture as discussed in this chapter

triad of elbow injuries which consists of coronoid
and radial head fractures in combination with
elbow dislocation. The anteromedial coronoid
facet is involved during varus stress associated
with PMRI, which can also result in lateral col-
lateral ligament complex injuries. Alternatively,
coronoid tip fractures are seen in valgus PLRI as
well as radial head fractures and lateral collateral
ligament complex tears, particularly with involve-
ment of the lateral ulnar collateral ligament.

Imaging/Classification

Regan-Morrey Classification

The Regan-Morrey classification was developed
in 1989 and is based on the percentage of coro-
noid height involvement [14]. Increased size of
coronoid process fractures has been associated
with concomitant elbow injuries, necessity of
operative intervention, as well as greater loss of
long-term range of motion [15]. Fracture type
involves the size of the fracture fragment, and A
or B designations correspond with those without
and with associated dislocation, respectively
(Fig. 3.10):

e Type I fractures are avulsion fractures of the
coronoid tip

e Type II fractures are either simple or commi-
nuted fractures involving less than 50% of the
coronoid process height.

e Type III fractures involve greater than 50% of
the coronoid (Fig. 3.11).
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Type |
A — Noncomminuted B — Comminuted
Type Il
A — Noncomminuted B — Comminuted
Type Il
A — Noncomminuted lf—t)mminuted

Fig. 3.7 Mayo classification of olecranon fractures

Type I injuries are typically shear-type frac-
tures associated with episodes of subluxation or
dislocation. Often, type I injuries are proximal
to the capsular attachment, whereas type II inju-
ries often involve the anterior capsular insertion.
Type II fractures have been associated with ter-

rible triad elbow injuries as well as PMRI-
associated elbow dislocations. Type III coronoid
fractures result in destabilization of the elbow as
the brachialis and the anterior bundle of the
ulnar collateral ligament attach at the coronoid
base [16].
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Comminuted

Fig. 3.8 Schatzker classification of olecranon fractures

Transverse-impacted

Oblique-distal

Oblique

Fracture-dislocation

Fig.3.9 Olecranon fracture fixation. A 27-year-old male
status postsurgical treatment for olecranon fracture. AP
(a) and lateral (b) elbow radiographs show fixation screws

O'Driscoll Classification

The O’Driscoll classification system was later
developed around common mechanisms of
injury, fracture patterns, and additional injuries

(arrow) and figure-of-eight tension bands (curved arrow)
across a healed olecranon fracture

that accompany coronoid process fractures [17].
In addition to coronoid tip and base fractures, the
O’Diriscoll classification recognizes the anatomic
importance of the anteromedial facet and its role
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Fig. 3.10 Regan-Morrey classification of coronoid
fractures

in varus elbow stability. Injuries are subdivided
based on location and number of fracture frag-
ments (Fig. 3.12):

e Type L injuries involve the coronoid tip and are
further subdivided into fractures that involve
less than or equal to 2 mm of coronoid height
(subtype 1) versus those involving greater
than 2 mm (subtype 2).

e Type II fractures include the anteromedial
facet. Three subtypes include those that
involve the anteromedial rim only (subtype 1),
the anteromedial rim and coronoid tip (sub-
type 2), and the anteromedial rim and sublime
tubercle (subtype 3).

e Type I injuries occur at the coronoid base
either through the coronoid body and base
(subtype 1) or through the olecranon (subtype
2).

Treatment

In the event of nondisplaced fractures and elbow
stability on physical exam, conservative man-
agement with immobilization is indicated. Open
reduction and internal fixation is reserved for
patients with an unstable exam or for those fol-
lowing a terrible triad elbow injury. Finally,
external fixation can be used in patients with
poor bone stock or with large fracture
fragments.

Intra-articular
Osteochondral Lesion

Etiology and Clinical Presentation
“Osteochondral lesion” is a general term used for
any disruption or injury to the articular cartilage
and underlying bone. This broad term encom-
passes both osteochondroses, typically seen in
pediatric and young adult patients, as well as
acute osteochondral fractures. Both types of
osteochondral lesions are commonly due to
trauma, and most frequently involve the capitel-
lum [18-20].

There are two main types of osteochondroses
of the elbow: Panner disease and osteochondritis
dissecans. Panner disease is osteochondrosis of
the entire capitellum epiphysis in a child with
unfused physes and will be detailed further in the
“Pediatric Pathology” section. Osteochondritis
dissecans (OCDs) occurs in older children and
young adults, typically in the teen years, with
closed capitellar physes.

Although the etiology is debated, it is gener-
ally accepted that overuse or repetitive trauma
coupled with limited blood supply of the capitel-
lum may contribute to repetitive damage of the
cartilage and bone [21]. Specifically, the capitel-
lum is supplied by posterior extraosseous perfo-
rating vessels, including from the radial
recurrent, radial collateral, and interosseous
recurrent arteries, which traverse the epiphysis.
The lack of intraosseous supply from the
metaphysis places the capitellum at risk for vas-
cular compromise and/or impaired healing after
trauma [22]. OCDs of the elbow most often
occur in throwing athletes, such as baseball play-
ers, and athletes with high compressive forces,
such as gymnasts. For throwing athletes, the late
cocking and early acceleration phases of over-
head throwing result in tensile forces and dis-
traction through the medial elbow and,
consequently, osteochondral compression of the
radiocapitellar joint laterally [21, 23]. Much less
commonly, OCDs may be seen in the superopos-
terior trochlear groove in athletes with force
against the elbow while in hyperextension (such
as swimmers or basketball players) [24]. Patients
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Fig.3.11 Type III coronoid process fracture. A 16-year-
old male basketball player presents with radial sided wrist
pain after a fall. Sagittal T1 (a) and T2 fat-suppressed (b)
images show the low-signal nondisplaced coronoid base

may be asymptomatic or present with lateral
elbow pain, swelling, restricted range of motion,
or instability, depending on the acuity and stabil-
ity of the lesion [21, 24].

Clinical exam and radiographs both are lim-
ited in sensitivity and specificity for diagnosing
osteochondroses due to variable presentation and
small nondisplaced osseous abnormality.
Therefore, MR imaging, with sensitivity up to
100% for detection of OCDs in the elbow of chil-

fracture (arrows) with surrounding bone marrow edema.
Coronal PD fat-suppressed image (c¢) shows an associated
proximal RCL and LUCL tear (arrow)

dren, is the mainstay in evaluating and character-
izing osteochondral lesions [19]. Chondral
irregularity and fissuring with subjacent low T1
and increased T2 osseous signal intensity — with
or without flattening of the subchondral bone
plate — at the classic location in the anterolateral
capitellum help establish the diagnosis [21, 24].
Once the diagnosis is made, lesion size, location,
stability, and viability are key imaging character-
istics to report to help guide management.
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Type |

Fig.3.12 O’Driscoll classification of coronoid fractures

Imaging

The hallmark features of unstable OCD lesions,
which typically require surgical treatment, are
the following: rim of high-signal intensity (fluid
or granulation tissue) at the interface of the
lesion and adjacent normal bone (Fig. 3.13a),
cysts at the lesion margin, associated overlying
articular cartilage defect at the lesion margins
(Fig. 3.13b), discontinuity in the subchondral
bone plate with fluid-filled cleft (Fig. 3.14),
osteochondral void filled with fluid, and pres-
ence of an osteochondral joint body [21, 24-26].
These characteristics have been identified in
other large joints for decades and have recently
also been confirmed in the elbow of adolescents
[27]. Lesions without fluid signal intensity at
the interface of the abnormal bone with more
normal medullary signal are considered stable,
though chondral irregularity may result in pro-
duction of joint bodies [19], which may result
in locking or pain and often need surgical inter-
vention. The MR classification system for osteo-
chondral defects, generalized from large joints
and not specific to the elbow, can be found in
Table 3.1.

Type Il

Type llI

Some studies have shown improved accuracy
in detecting instability with MR arthrography as
contrast extends through the unstable cleft [29],
although if the cleft is filled with granulation tis-
sue fluid may not fill the defect. Additionally, MR
imaging with intravenous contrast has also been
shown to help determine stability and viability.
When contrast enhancement is seen at the inter-
face between the lesion and normal bone, this
indicates granulation tissue and is inherently
unstable. Further, enhancement of the fragment,
either homogeneously or incompletely through-
out the fragment, indicates viability, whereas
marginal or no enhancement is often seen with
unstable fragments and poorer clinical outcomes
[30].

Osteochondral Fracture

Acute osteochondral fractures are less common
than osteochondrosis and occur at any age. These
are attributable to trauma, which are most
commonly sudden compressive impact and high
shear stress at the bone-cartilage interface. They
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Fig. 3.13 Unstable osteochondral lesion. A 14-year-old
male pitcher. Sagittal (a) and axial (b) T2 fat-suppressed

Fig. 3.14 Unstable osteochondral lesion. A 17-year-old
male pitcher presents with elbow pain. Coronal (a) and
sagittal (b) T1 fat-suppressed MR arthrogram images
show an unstable OCL of the capitellum (arrows). Note

may be a consequence of valgus stress with com-
pression and shear forces through the radiocapi-
tellar joint or as sequela of subluxation or
dislocation [18, 21]. Two specific osteochondral

images show an unstable OCL within the capitellum
(arrows). The joint effusion helps to determine the status
of the lesion to be unstable

|

the fluid surrounding the lesion with incongruity along the
anterior capitellum in which the fragment is slightly
displaced

fractures may result in serious negative conse-
quences including coronal shear fractures of the
distal humerus and the Osborne-Cotterill lesion
of the posterolateral capitellum.
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Grade Imaging findings

I Intact cartilage with abnormal underlying bone marrow signal intensity

11 High-signal breach of cartilage overlying bone marrow signal change

1T Thin, high-signal rim extending behind the osteochondral fragment

v Mixed or low-signal joint body in the center of the lesion or in the joint space

Fig. 3.15 Kocher-Lorenz coronal shear fracture. Sagittal
T2* gradient echo image in a 14-year-old boy shows a
cartilage fracture involving the anterior capitellum (arrow)
with displaced chondral fragment in the radial fossa
(curved arrow)

Coronal shear osteochondral fractures of the
distal humerus are a well-studied group of acute
osteochondral fractures that may be difficult to
diagnose radiographically, particularly in the
immature skeleton. Specifically, type 2 (Kocher-
Lorenz) coronal shear fracture involves the ante-
rior capitellar cartilage and a thin fragment of
subchondral bone plate and rapidly leads to joint
degeneration if not treated surgically in a timely
manner (Fig. 3.15) [31, 32].

The Osborne-Cotterill lesion is a posterolat-
eral capitellum osteochondral fracture that is
easy to overlook but of great importance due to
associated injury of key elbow stabilizers. This
fracture typically occurs after elbow dislocation
and is often associated with a defect of the pos-

terolateral radial head (Fig. 3.16) [33, 34]. There
may be vague discomfort or more significant
symptoms with locking of the joint, pain and
clicking with physical activity, or recurrent dislo-
cation. Physical examination may result in radial
head dislocation [33]. If not accurately identified,
long-term complications include posterolateral
rotatory instability due to involvement and effec-
tive avulsion of the lateral ulnar collateral liga-
ment (LUCL), which originates at the
posterolateral capitellum. Because the LUCL can
be difficult to accurately identify on MR imag-
ing, visualized in only 50% of asymptomatic
elbows in a study by Terada and colleagues, diag-
nosis of this lesion is better made on CT exami-
nation [34]. Regardless of imaging method,
accurate diagnosis is key to help direct the patient
to surgical fixation, which is most successfully
achieved by LUCL reconstruction and cortical
bone graft in the capitellum defect [35].

Pitfalls

The ability to accurately diagnose the above-
described entities depends on understanding of nor-
mal elbow anatomy that may present as pitfalls in
MR imaging. The most important of these pitfalls is
the capitellum pseudodefect. This is a normal
groove at the junction of the capitellum and lateral
epicondyle and partly aligns (though does not artic-
ulate) with the posterior radial head in extension
(Fig. 3.17). As a consequence, this rough-appear-
ing, nonarticular “defect” is commonly mistaken
for an osteochondral lesion of the posterior capitel-
lum on axial and coronal MR images [36]. Key fea-
tures to help distinguish this from a true
osteochondral lesion are as follows: location (poste-
rior capitellum), lack of signal abnormality of the
underlying bone, and identification of this normal
anatomic region on sagittal MR images.
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Fig.3.16 Osborne-Cotterill lesion. Coronal T1 (a), coro-  tion fracture with associated bone marrow edema involv-
nal T2 fat-suppressed (b), and sagittal T2 fat-suppressed  ing the posterolateral capitellum (arrows)
(c¢) images in a 24-year-old woman show a subtle impac-
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Fig.3.17 Capitellum pseudodefect. Sagittal T1 (a) and T2 fat-suppressed (b) images in an asymptomatic 36-year-old
woman show a focal concavity devoid of articular cartilage consistent with a capitellum pseudodefect (arrow)

Fig. 3.18 Trochlear groove pseudodefect of the ulna. A
27-year-old man with lateral elbow pain has a prominent
trochlear groove pseudodefect incidentally noted during
MR imaging. Sagittal T2 fat-suppressed image (a) shows
a bare area (arrow) involving the central olecranon with-

Another potential pseudolesion that could be
mistaken for an osteochondral lesion or joint
body is the transverse trochlear ridge (Fig. 3.18).
This is the non-articulating, rough central aspect
of the trochlear ridge between the olecranon and

out overlying articular cartilage, which is similar in
appearance to a different 36-year-old woman with a shal-
low trochlear pseudodefect (arrow) on sagittal CT arthro-
gram (b)

coronoid portions of the proximal ulna. It is
sometimes called the “trochlear pseudodefect”
with a bare area lacking overlying cartilage [37].
Also in this region, there may be a bony promi-
nence that can be mistaken for a joint body [36].
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Understanding the normal anatomy and these
anatomic variants is essential to avoid overcalling
pathology.

Treatment

For all varieties of osteochondral lesions, early
diagnosis and treatment may prevent the need for
surgery and/or chronic complications [19].
Ultimately, the size, stability, and viability of
these lesions are the determining factors to guide
management. If less than 50% of the capitellum
is involved, the lesion is stable and viable, and
there are no mechanical symptoms; conservative
treatment with activity modification and nonste-
roidal anti-inflammatory medications is the first-
line treatment [21, 27]. If conservative treatment
fails (up to 50% of cases) or the lesion is unstable
or nonviable, operative management is necessary.
Treatment options in these cases include resec-
tion of joint bodies, reattachment of fragments,
chondroplasty, mosaicplasty with autograft from
the knee, allograft, or valgus wedge humeral
osteotomy to unload the radiocapitellar joint
[38]. Acute osteochondral fractures nearly always
require open reduction and internal fixation,
though this may be difficult in small fragments
due to the lack of adequate bone volume to fixate
[31]. Return to activity is then based on clinical
symptoms as imaging may lag or be abnormal for
years.

Synovial Fringe

Etiology and Clinical Presentation

Intra-articular synovial folds, otherwise known
as plicae, form during embryonal development.
Mesenchymal cavitation occurs at the radiohum-
eral, ulnohumeral, and radioulnar locations
whereby these cavities combine, and septal rem-
nants can form as a result of this process. Synovial
folds are variably present and often asymptom-
atic in most individuals. In certain patients, syno-
vial fold hypertrophy, inflammation, and the
development of adjacent chondral damage can
lead to mechanical symptoms and discomfort
[39]. The radiohumeral plica is located along the
margin of the radiocapitellar joint, proximal to

the annular ligament. Symptomatic patients com-
plain of lateral elbow pain and varying degrees of
locking or catching during elbow range of
motion.

Imaging

The radiohumeral synovial fold is divided based
on anatomic location, including the anterior, lat-
eral, posterolateral, and lateral olecranon por-
tions. The anterior fold is present in approximately
67% of individuals and averages 2.3 mm in thick-
ness. The lateral fold is least common in inci-
dence, seen in approximately 5-20%. This fold is
curvilinear and typically measures 1.7 mm in
thickness, often with free-edge irregularity. The
posterolateral synovial fold is the most com-
monly identified, seen in up to 100% of cadaveric
specimens (Fig. 3.19). Additionally, the postero-
lateral plica was found to be the thickest in
asymptomatic individuals, measuring 3 mm.
Finally, the lateral olecranon plica is described in
up to 33% of individuals and measures up to
1.9 mm in thickness [40, 41].

Elbow synovial fold syndrome can result fol-
lowing a direct blow to the elbow or as a conse-
quence of repetitive elbow flexion/extension or
forearm pronation/supination. Local synovitis is
produced when plicae become stretched
or compressed between the radiocapitellar articu-
lar surfaces. Evaluation of synovial folds is
best accomplished on coronal fluid-sensitive
sequences. Normal plicae are hypointense with
well-defined margins, often outlined by elbow
joint fluid. Abnormal synovial fold thickening
greater than 3 mm has been shown to correlate
with elbow symptoms [42, 43]. Plicae irregular-
ity or nodularity is a less specific sign of synovial
fold syndrome; however, the presence of focal
synovitis in the posterolateral elbow and cartilage
loss along the anterolateral aspect of the radial
head are secondary signs of synovial fold abnor-
malities [39, 44].

Treatment

A short course of conservative management with
activity cessation, anti-inflammatory medica-
tions, and physical therapy is preferred initially.
If nonoperative management fails, arthroscopic
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Fig. 3.19 Posterolateral synovial fold. A 22-year-old
woman presents with intermittent catching during elbow
range of motion. Sagittal (a) and coronal (b) T2 fat-

resection of pathologic plicae is pursued to
improve pain and restore range of motion.
Arthroscopy has been shown to have excellent
symptomatic and functional outcomes, and delay
in surgery should be avoided to minimize articu-
lar cartilage damage due to prolonged synovial
fold impingement [45].

Intra-articular Bodies

Etiology and Clinical Presentation
Intra-articular bodies may occur as a result of
trauma, degenerative joint disease, osteonecrosis,
and neuropathic arthropathy or due to benign
synovial proliferation associated with primary
synovial chondromatosis. Symptoms are typi-
cally slow to progress and often begin with pain
and joint swelling. Progression to limited range
of motion, elbow locking, catching, and stiffness
can result depending on the size, number, and
location of intra-articular bodies.

Primary synovial chondromatosis is seen in a
younger age group, typically in the fourth or fifth
decades. Men are affected more frequently with a
2:1 male-to-female ratio. Foci of cartilaginous bod-

suppressed images show a thickened posterolateral syno-
vial fold extending into the posterior radiocapitellar joint
(arrow)

ies develop within the synovium, and over time
with progressive growth, they separate and form
intra-articular bodies [46]. Approximately two
thirds of intra-articular bodies undergo ossification
and can be seen radiographically, while the remain-
ing persist nonossified. The intra-articular bodies
seen in primary synovial chondromatosis are more
uniform in size and shape compared to intra-articu-
lar bodies resulting from other etiologies.

Imaging

Small intra-articular bodies are more conspicu-
ous in the presence of a joint effusion or intra-
articular contrast administration (Fig. 3.20). The
composition of intra-articular bodies determines
the MR imaging appearance. Calcified intra-
articular bodies are hypointense on all pulse
sequences and generally demonstrate blooming
artifact on gradient echo sequences, while those
consisting of cartilage demonstrate intermediate
proton density or T1 signal and increased T2 sig-
nal. Large ossified intra-articular bodies contain-
ing internal bone marrow will show increased T1
and T2 signal with subsequent signal dropout on
fat-suppressed imaging. As stated previously,
intra-articular bodies associated with primary
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Fig.3.20 Intra-articular bodies. A 67-year-old man com-
plains of mechanical symptoms. Sagittal T1 arthrogram
image (a) shows a low-signal intra-articular body in the
olecranon recess (arrow). Axial T1 fat-suppressed arthro-

synovial chondromatosis are uniform in size,
shape, and signal, while secondary intra-articular
bodies may vary [47].

Classification/Staging

Milgram described three phases of primary synovial
chondromatosis in 1977 based on clinical and patho-
logic variations during disease progression [48]:

gram images (b, ¢) show additional low-signal intra-
articular bodies along the medial and lateral aspect of the
olecranon (arrows)

* Stage I involves synovial inflammation in the
absence of intra-articular bodies. Patients may
complain of pain or swelling during stage I;
however, individuals in this phase may remain
asymptomatic.

e Stage II disease is characterized by transi-
tional loose bodies that are in the process of
separating from the synovium and forming
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intra-articular bodies. On imaging, synovial
proliferation and loose bodies are seen.

e Stage III includes multiple intra-articular bod-
ies without associated synovial inflammation
or proliferation.

Treatment

Surgical resection is the management of choice
for patients with primary synovial chondromato-
sis with variable rates of recurrence. In secondary
forms of chondromatosis, observation is consid-
ered in patients with minimal symptoms and pre-
served range of motion. Arthroscopy with loose
body resection is reserved for patients presenting
with mechanical symptoms that affect elbow
range of motion or severe pain.

Pediatric Pathology

Pediatric overhead athletes are subject to elbow
injuries due to repeated microtrauma to the skel-
etally immature elbow during critical periods of
development. Similarly, gymnasts are at increased
risk of elbow pathology due to compressive
forces from upper extremity weight-bearing.

Panner Disease

Etiology and Clinical Presentation
Panner disease is a type of osteochondrosis
involving the humeral capitellum, which is
thought to result secondary to recurrent valgus
stress. Due to the vascular anatomy of the skele-
tally immature chondroepiphysis described pre-
viously, repetitive = compression at the
radiocapitellar joint may result in disordered
endochondral ossification secondary to vascular
insult at the pliant cartilage matrix [49]. Debate
exists as to whether Panner disease is an entirely
separate entity from osteochondritis dissecans
versus a spectrum of lateral elbow epiphyseal
injury, and some consider age at onset and sever-
ity of symptoms to be the greatest predictors of
functional outcomes [50].

Clinically, Panner disease may be difficult to
distinguish from capitellar osteochondritis disse-

cans. Useful differentiating features include age
of onset and the presence or absence of mechani-
cal symptoms. Panner disease affects a younger
age group, typically between the ages of 5 and
10 years old, while OCD often occurs in adoles-
cents older than 12 years of age. Due to the lack
of discrete osteochondral defects or fragments,
patients with Panner disease will often lack elbow
catching or locking, which is common in
OCD. Presenting symptoms include insidious
onset lateral elbow pain and stiffness, typically
including an extension deficit [51].

Imaging

Radiographs can have variable appearance in
Panner disease depending on the stage of disease.
Early on, radiographs may be normal or may
show decreased size, fragmentation, lucency, or
fissuring involving the capitellum. Contralateral
comparison radiographs are useful in detecting
subtle abnormalities and asymmetry of the epiph-
ysis. Subsequent radiographs may show sclerosis
and persistent irregularity or flattening of the
capitellum; however, reconstitution often occurs,
and radiographs normalize over time. MR imag-
ing shows diffuse edema in the capitellum as
demonstrated by decreased T1 signal and hyper-
intensity on fluid-sensitive sequences (Fig. 3.21).
No associated cartilage abnormalities or intra-
articular bodies accompany the bone marrow sig-
nal changes [49].

Treatment

Symptomatic treatment is the mainstay of man-
agement of Panner disease. Rest, immobilization,
and anti-inflammatory medications often result in
significant symptomatic relief. Surgical interven-
tion is rarely indicated, and long-term outcomes
are excellent in the patient population [52].

Little League Elbow

Etiology and Clinical Presentation

The term “Little League elbow” refers to a spec-
trum of elbow injuries that occur as a result of
medial elbow traction during the acceleration
phase of pitching in skeletally immature athletes.
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Fig. 3.21 Panner disease. An 8-year-old boy complains
of generalized elbow pain. Sagittal (a) and coronal (b) T2
fat-suppressed images show diffuse bone marrow edema

Increase in pitch count and breaking pitches are
risk factors for the development of Little League
elbow. Due to these risks, the USA Baseball
Medical and Safety Advisory Committee recom-
mends pitch count limits based on age as well as
avoidance of breaking pitches until the age of
14—16 years [53]. Patients typically present with
medial elbow pain centered over the apophysis
with decrease in strength and pitch velocity.

Imaging

Radiographs are frequently normal in the pediat-
ric overhead throwing athlete with elbow pain.
When repetitive elbow trauma persists, apophy-
seal fragmentation, displacement, and over-
growth may develop. Patient age and skeletal
maturity determine imaging findings associated
with valgus overload in overhead throwers. The
medial epicondyle apophysis begins to ossify at
the age of 5-6 years old and usually fuses by age
15-16. In early childhood, the apophysis is weak-
est and prone to displacement or fragmentation.
The apophysis strengthens as the pediatric skele-
ton matures, which leads to increased incidence
of physeal fractures as the physeal cartilage
becomes the weakest link. Once the medial epi-
condyle fuses, pediatric mechanics more closely

(arrow) involving the capitellum without associated frac-
ture or chondral abnormality

reflect those of adults, leading to ulnar collateral
ligament and common flexor tendon injuries. MR
imaging findings of medial epicondyle apophysi-
tis include bone marrow edema of the apophysis
on fluid-sensitive sequences. Apophyseal dis-
placement, fragmentation, and fluid signal within
the physis signify abnormal traction on the
medial epicondyle (Fig. 3.22). Extra-osseous
injuries such as tendinopathy or tears of the com-
mon flexor tendon as well as thickening or tear-
ing of the underlying ulnar collateral are also on
the spectrum of medial elbow injuries associated
with valgus extension overload injuries in the
pediatric throwing athlete.

Treatment

Conservative management with an emphasis on
rest is the mainstay of treatment in patients with
Little League elbow in the absence of an open
fracture, intra-articular fragment displacement,
or significant displacement in the setting of
apophyseal avulsion. There is debate on the
degree of displacement necessary to benefit from
operative intervention. Some believe displace-
ment greater than 5 mm should proceed to
surgery, while others endorse conservative man-
agement for displacement up to 15 mm [54, 55].
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Fig. 3.22 Little League elbow in a 12-year-old baseball
pitcher. Coronal T1 image (a) shows mild widening of the
medial epicondyle physis (arrow) as well as subtle low sig-
nal within the medial epicondyle apophysis, which corre-

Ligaments

There are many passive and active stabilizers of
the elbow, including the bones and joint congru-
ity, tendons and muscles, and ligaments. The sta-
bility of the elbow relies heavily on ligament
integrity, which are two of the main passive stabi-
lizers. Thus, an in-depth understanding of the
anatomy of these crucial structures, as well as the

sponds with bone marrow edema (arrow) on coronal T2
fat-suppressed image (b). Axial T2 fat-suppressed image
(c) demonstrates apophyseal marrow edema (arrow) as well
as adjacent soft tissue edema about the medial epicondyle

constellations of imaging findings with injuries
of both the medial and lateral elbow ligaments, is
important to ensure accurate interpretation of
MR imaging of the elbow. Given the wide range
of surgical treatment approaches, both
arthroscopically and open procedures, as well as
differing arthroscopic port placement and patient
positioning, accurate diagnosis is crucial prior to
treatment [56].
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Medial

Etiology and Clinical Presentation

The ulnar collateral ligament (UCL) is comprised
of three components: the anterior, posterior, and
transverse bands. The anterior band arises from
the anterior aspect of the medial epicondyle and
inserts on the medial aspect of the coronoid. The
posterior band arises from the posteroinferior
medial epicondyle and inserts on the medial olec-
ranon. The transverse band courses from the cor-
onoid to olecranon aspect of the proximal ulna
and is not a significant stabilizer of the elbow
[23].

Of these, the anterior band of the UCL is most
important for medial elbow stability as the pri-
mary restraint to valgus stress from 30- to
120-degree flexion [57-59]. The midportion of
the anterior band remains tense throughout the
entire range of motion, and the posterior band
contributes some to stability in extreme of flexion
[57].

Injury of the ulnar collateral ligament ranges
from sprain to partial or complete tear. These
injuries may occur as consequence of elbow dis-
location from fall onto an outstretched hand with
elbow in extension or, more commonly, chronic
repetitive trauma from valgus stress at the elbow.
Chronic valgus stress is classically seen and
described in baseball players but can be seen in
any overhead throwing athlete. During late cock-
ing and early acceleration of the action of over-
head throwing, excessive tensile force is placed
on the medial elbow and ulnar collateral ligament
[18, 56]. Over time, this may result in chronic
sprain, partial tear (which may be adaptive in
throwers without symptoms), or complete tear of
the UCL. On physical exam, there is laxity with
valgus stress and possibly pain at the medial
elbow with extension and/or the milking maneu-
ver, where the patient places valgus stress on the
joint by reaching beneath the affected arm with
the contralateral hand and pulling on affected
arm’s thumb [58].

Imaging
Similar to most soft tissue injuries in the elbow,
radiographs may be normal. Thus, MR imaging

is the gold standard for identification and charac-
terization of ligament injuries. The anterior bun-
dle of the UCL (aUCL) is best seen on coronal
images as a hypointense band of tissue that is
broad at its origin at the medial humeral epicon-
dyle and courses distally to insert narrowly at the
anteromedial aspect of the coronoid process (also
called the sublime tubercle). Although previously
it was believed that the normal insertion was at
the articular margin of the coronoid, newer ana-
tomic studies have revealed that the distal inser-
tion may be up to 3 mm distal to the joint margin
on the ulnar ridge [23, 60]. With sprains, the liga-
ment may become ill-defined with increased sig-
nal of the ligament on TI- and T2-weighted
images from hemorrhage and edema. Partial tears
of the aUCL are identified when there is partial
discontinuity of the ligament, often filled with
joint fluid (Fig. 3.23). This may result in the clas-
sic “T sign,” originally used to describe a partial
thickness undersurface tear at the distal insertion
(Fig. 3.24). However, this sign is not specific for
partial tears as it can be seen in asymptomatic
individuals and is thought to be adaptive from
chronic stress or sequel of remote injury at this
insertion. Thus, a T sign with cleft >3 mm — and
correlation with symptoms and surrounding bone
marrow and soft tissue edema — is considered
more accurate evidence of partial tear than vari-
ant anatomy [61]. Finally, complete tears are
typically more discrete with a fluid-filled gap
through the full thickness of the ligament with or
without redundancy of the torn ligament stump
and extracapsular extension of joint fluid
(Fig. 3.25) [62]. These injuries are reportedly
most commonly seen at the midsubstance from
chronic repetitive microtrauma, though avulsion
of the sublime tubercle and aUCL attachment can
be seen with acute injury [23].

Ulnar collateral ligament insufficiency may
also lead to additional injuries. In some throwing
athletes, the aforementioned excessive tensile
force at the medial elbow causes UCL attenuation
or failure. This, then, accentuates valgus overload
and increases lateral joint compressive forces and
posterior joint shear forces [56]. This constellation
of injuries is referred to as valgus extension over-
load syndrome (VEOS). MR findings of these
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Fig. 3.23 Ulnar collateral ligament tear in a 19-year-old
man. Coronal PD fat-suppressed image (a) shows a high-
grade partial tear of the mid-UCL (arrow). Axial T2 fat-

Fig. 3.24 T-sign in a 19-year-old male baseball pitcher.
Coronal T1 fat-suppressed arthrogram image demon-
strates contrast extension deep to the ulnar attachment of
the ulnar collateral ligament (arrow) consistent with a par-
tial undersurface tear

additional injuries include chondral injury, osteo-
phytes, and possibly joint bodies at the radiocapi-
tellar joint, as well as posteromedial olecranon
osteophytes with corresponding bone marrow

suppressed image (b) shows the concomitant partial tear
of the common flexor tendon unit (arrow)

Fig. 3.25 Complete tear UCL in a 17-year-old pitcher.
Coronal PD fat-suppressed image shows fluid tracking
across the anterior band UCL and focal defect (arrow)

edema and/or osteophytes at the articulating olec-
ranon fossa and posteromedial trochlea (Fig. 3.26)
[56]. Further valgus stress after UCL failure in this
syndrome may also stress the medial elbow soft
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tissues, resulting in ulnar neuritis or flexor-prona-
tor tendinopathy or myotendinous strain. These
are both best characterized on fat-suppressed
T2-weighted sequences where there is increased
caliber and fluid signal intensity of the ulnar nerve
near the cubital tunnel in ulnar neuritis and inter-
mediate signal intensity of a thickened proximal
common flexor tendon or feathery edema within
the proximal flexor and pronator muscles in the
setting of flexor-pronator pathology [63].

Treatment

The management of UCL tears depends largely
on the patient’s level of activity or sporting and
type of sport. Nonoperative management, includ-
ing bracing and rehabilitation, is recommended
for sprains and may be considered for partial
tears or even complete tears in non-throwing ath-
letes, such as gymnasts, or those who are not ath-
letes [58]. However, Rettig and colleagues found
that only 42% of baseball players were able to

Fig. 3.26 Posteromedial impingement. A 63-year-old
male presents with chronic medial elbow pain. Axial CT
(a), T1 (b), and T1 fat-suppressed contrast-enhanced MR
(c) images demonstrate posteromedial osteophyte forma-

tion at the ulnotrochlear articulation (a, arrow) and corre-
sponding area of localized cartilage loss (b, arrow) on
MRI. There is focal synovial enhancement (c, arrow)
adjacent to the posteromedial olecranon osteophytes
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return to play at prior activity level when treated
nonoperatively [64]. Thus, surgical reconstruc-
tion is favored in athletes, particularly those
wanting to return to play in overhead throwing
sports, and has been demonstrated to have great
success with more than 90% of such athletes
reporting excellent long-term results [65].

The commonest surgical technique is graft
reconstruction and also well known as the Tommy
John surgery originally performed by Dr. Frank
Jobe in 1974. An autograft is harvested from the
palmaris longus or semitendinosus tendon and is
fixed via distal humeral and proximal ulnar osse-
ous tunnels in the same alignment as a native
aUCL to restore its stabilizing function [23]. This
may also be performed for partial thickness tears
that involve the more posterior distal insertion of
the aUCL on the proximal ulna, which has been
shown to contribute most to rotational stability
[65]. In valgus extension overload syndrome, sur-
gery is the mainstay treatment to prevent further
associated injuries detailed above. During the
ligament graft reconstruction, however, it is also
important to remove joint bodies and posterome-
dial olecranon osteophytes, the latter of which is
the commonest cause of reoperation in these
patients [56].

Lateral Collateral Ligament Complex

Etiology and Clinical Presentation

The lateral collateral ligament complex is com-
prised primarily of three components, including
the radial collateral ligament (RCL), lateral ulnar
collateral ligament (LUCL), and annular liga-
ment. Both the RCL and LUCL originate from
the anteroinferior aspect of the lateral epicon-
dyle, where there is close apposition of and dif-
ficulty identifying separation from the overlying
common extensor tendon [23]. The RCL extends
in a fan-like fashion to insert on the annular liga-
ment circling the radial head. Because the inser-
tion is not on the margin of the radial head itself,
a cleft of fluid between the distal RCL and the
margin of the radial head is normal. The LUCL
courses posterior to the radial head and neck to
insert on the supinator crest of the posterolateral

ulna. Finally, the annular ligament courses around
the circumference of the radial head, attaching to
the adjacent anterior and posterior margins of the
proximal ulnar radial notch. This ligament is the
primary stabilizer of the proximal radioulnar
joint, which is most important when skeletally
immature [23, 57]. Of the lateral collateral liga-
ment complex, the lateral ulnar collateral liga-
ment is the most important stabilizing ligament.
This is the primary constraint against ulnar rota-
tion away from the trochlea as is seen in postero-
lateral rotatory instability [57].

Chronic varus stress at the elbow, as is seen
in racquet sports, may lead to common exten-
sor origin tendinopathy at the lateral epicon-
dyle (otherwise known as “tennis elbow” or
“lateral epicondylitis”). This varus stress and
degeneration of the overlying tendon may lead
to excessive tensile force on the RCL and/or
LUCL, which, in turn, can cause ligament
sprain, partial tear, or complete tear, similar to
the aUCL described above. If a complete tear
occurs, particularly of the LUCL, the patients
are at risk for posterolateral rotatory instability
(PLRI).

PLRI is the commonest instability of the
elbow and is a clinical syndrome of painful
clicking or locking and recurrent instability of
the elbow, particularly in extension [66]. This
occurs due to LUCL deficiency — from trauma or
degeneration as detailed above with excessive
varus stress, generalized ligamentous laxity, or
iatrogenic injury as a complication from lateral
elbow surgeries — that allows external rotation of
the radius and ulna with respect to the distal
humerus and consequent posterior radial head
dislocation [67, 68]. Although it may be seen as
a consequence of lateral epicondylitis, it is much
more commonly seen as a complication of trau-
matic dislocation (Fig. 3.27) [33]. One particu-
larly problematic fracture seen in traumatic
dislocation is the Osborne-Cotterill lesion (pre-
viously described in “osteochondral lesions”) or
posterolateral capitellar osteochondral fracture.
The fragment may seem somewhat insignificant
initially on imaging as it is a small cortical avul-
sion; however, it involves the LUCL origin and
may result in PLRI. Ultimately, the mechanism
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Fig.3.27 Posterolateral rotatory instability. Axial T2 fat-
suppressed (a) image in a 50-year-old man demonstrates a
partial tear of the deep fibers of the common extensor ten-
don (straight arrow) as well as bone marrow edema along

of injury is a predictable pattern of soft tissue
and/or bone injury, referred to as the circle of
Horii (Fig. 3.28). First, stage 1 begins with par-
tial or complete disruption of the LUCL (or both
RCL and LUCL), resulting in posterolateral
rotational subluxation of the ulna on the humerus.
In stage 2, there is progressive stress on and
injury of the anterior and posterior capsule,
resulting in incomplete posterior elbow disloca-
tion with a “perched” ulna on the humeral troch-
lea. Lastly, in stage 3, further ligament rupture of
the medial elbow occurs, resulting in complete
posterior elbow dislocation. Stage 3 is subdi-
vided into the initial tear of the posterior band of
the UCL and eventually the anterior band of the
UCL, when the humerus is finally stripped of its
soft tissue attachments to the proximal radius
and ulna [69].

Imaging

The RCL and LUCL are best visualized on coro-
nal MR images as vertical and oblique hypoin-
tense bands, respectively, coursing from the
lateral epicondyle to their above-described distal
insertions [57]. The course of the LUCL creates
challenges in clearly identifying this structure in

the posteromedial aspect of the ulnotrochlear joint (curved
arrow). Coronal T2 fat-suppressed (b) image shows a
high-grade partial tear of the proximal radial collateral
ligament (arrow)

its entirety on MR imaging. One study reports
only 50% were identified in participants with
asymptomatic elbows [34]. Potter and col-
leagues, however, report success in identifying
the LUCL in 100% of a series of 9 symptomatic
and 9 asymptomatic individuals as well as LUCL
pathology using thin sections or 3D sequences
[66]. Since the commonest site of tear is at the
proximal origin at the lateral epicondyle, coronal
images are key in evaluating these tears
(Fig. 3.29) [70]. Careful observation will reveal
posterior decentering of the radial head with
respect to the capitellum on sagittal images as
the LUCL loses its ability to be a posterior stabi-
lizing sling for the radius. Care should be taken
to search for associated fractures of the radial
head and/or capitellum or lateral humeral
epicondyle.

Treatment

Treatment for lateral collateral ligament complex
tears, similar to UCL tears, is often surgical
reconstruction. This is particularly important for
the LUCL given its tremendous impact on elbow
stability and in prevention of developing
PLRI. Reconstruction is performed with a free
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Fig.3.28 Circle of Horii. Illustration shows the predictable progression through the stages of injury involving the sup-
porting structures of the elbow

Fig. 3.29 Radial collateral ligament tear. Coronal PD fat-suppressed images in a 49-year-old-man show a tear of the
radial collateral ligament (a-arrow) and partial tearing of the lateral ulnar collateral ligament (b-arrow)

tendon graft from the palmaris longus or gracilis [23]. Correcting radial head and/or capitellum
tendon and is fixed via osseous tunnels in the lat-  bony deficiencies, as well as correcting excessive
eral humeral epicondyle proximally to the sub- varus alignment of the distal humerus with a cor-
lime tubercle of the ulna distally, ensuring rective osteotomy, may also be performed for
orientation that simulates an anatomic LUCL optimal reconstruction success.
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Muscles and Tendons

The spectrum of musculotendinous injuries about
the elbow results from repetitive overuse injury
to acute trauma or a combination of factors.
Clinically, muscle and tendon abnormalities may
be identified on the basis of physical exam, but
MR imaging helps delineate the extent of injury
as well as coinciding pathology.

Distal Biceps Tendon Rupture

Etiology and Clinical Presentation

Injuries of the distal biceps tendon occur less fre-
quently compared to tears of the proximal biceps
tendon, comprising only 3% of all biceps tendon
injuries [71]. Complete or partial rupture of the
distal biceps typically occurs following forced
extension of a flexed elbow. Distal biceps tendon
injuries often present in the dominant arm of
middle-aged men. Smoking and anabolic steroid
use have been associated with increased risk of
rupture [72, 73]. Complete biceps tendon rup-
tures present with a palpable tendon defect in the
antecubital fossa on physical exam. Proximal
retraction of the myotendinous unit results in

Fig.3.30 Normal biceps insertion with FABS technique.
FABS PD fat-suppressed image of the elbow in an asymp-
tomatic volunteer delineates the distal biceps tendon at the
radial insertion (arrow)
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caliber change and muscle prominence known as
the “reverse Popeye” sign. Partial ruptures are
more challenging to detect clinically and often
require imaging to determine the location and
extent of tendon injury.

Imaging

Typically, the biceps tendon is evaluated on MR
imaging in axial and sagittal planes performed
with the elbow in full extension. Due to the
oblique course of the distal biceps tendon, MR
imaging in elbow flexion, shoulder abduction,
and forearm supination (FABS position) can be
used as an adjunct to standard MR sequences to
optimize visualization of the distal biceps tendon
from the musculotendinous junction to the inser-
tion [74]. With the patient lying prone in the
FABS position, imaging is performed perpendic-
ular to the radial shaft to allow evaluation of the
distal biceps tendon on a single image (Fig. 3.30).

Complete Tear

On fluid-sensitive sequences, a hyperintense
fluid-filled tendon gap is seen in the acute setting
following complete biceps tendon rupture. The
degree of tendon retraction and, likewise, the
size of the fluid gap are determined by the integ-
rity of the lacertus fibrosus. When intact, the lac-
ertus fibrosus limits the degree of biceps
retraction and can simulate an intact tendon on
clinical exam. The proximal tendon stump is
often thickened, redundant, and increased in sig-
nal intensity. Additionally, intramuscular and
soft tissue edema and hemorrhage are common
in the acute setting, which can also be seen as
increased signal on fluid-sensitive sequences
(Fig. 3.31) [75].

Partial Tear

Partial biceps rupture presents with tendon thin-
ning or attenuation on MR imaging. Fluid signal
clefts and partial fiber discontinuity without
complete disruption are consistent with partial
rupture (Fig. 3.32). Secondary signs of partial
tendon tears include bicipitoradial bursitis as
well as radial tuberosity bone marrow edema,
which is seen in approximately 50% of cases
[71].



66

L. Stratchko et al.

Fig. 3.31 Biceps rupture in a 52-year-old man. Sagittal
(a) and axial (b) T2 fat-suppressed images show complete
rupture of the biceps tendon (arrows) with retraction of

A less common subset of partial tears includes
single-head ruptures. The short and long heads of
the biceps tendon insert separately at the radial
tuberosity. Proximal to the elbow joint, the long
and short head tendons are oriented side-by-side
with the short head located medially and the long
head laterally. The lacertus fibrosis consistently
arises from the short head tendon and can aid in
its identification. Distally, the short head tendon
extends superficial to the long head and has an
ovoid footprint along the distal aspect of the radial
tuberosity. The long head travels deep to the short
head and inserts proximally with a round footprint
[76]. The short head tendon is more susceptible to
isolated single-head rupture compared to the long
head tendon. Isolated single-head rupture of the
short or long head tendons can be mistaken clini-
cally for partial tendon tears; however, it is crucial
to distinguish these pathologies due to implica-
tions in management (Fig. 3.33) [77].

Classification/Staging

Established on prior MR evidence, Fuente et al.
developed an injury classification based on both
MR imaging and ultrasound findings [78].

the tendon end and fluid/hematoma filling the tendon gap.
Measurements should be described from the retracted ten-
don to the radial tuberosity

Different tendon injuries are defined as one of the
following:

* Major injuries require surgical management,
which include complete tears of the distal
biceps tendon or high-grade partial tears
involving greater than 50% of the tendon
attachment. Complete tears are further subdi-
vided based on the status of the lacertus
fibrosus:

— Intact lacertus fibrosus is associated with
tendon retraction less than or equal to
8 cm.

— Torn lacertus fibrosus is associated with
tendon retraction greater than 8 cm.

e Minor injuries are those that do not require
surgical management, such as low-grade
partial tears involving less than 50% of the
tendon attachment as well as tendinopathy.

Treatment

Partial biceps tendon ruptures or complete ten-
don ruptures in low-demand patients are usually
managed nonoperatively, while those that fail
conservative management or injuries in young or
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Fig. 3.32 Partial biceps tendon tear. Axial T2 fat-
suppressed images proximal to distal (a—d) in a 37-year-
old man show a partial tear of the biceps tendon. Fluid
surrounds the biceps tendon with irregularity and high-

active patients often require surgery to restore
strength in flexion and supination [79]. Minimally
invasive single incision techniques have become
the operative approach of choice to minimize the
risk of developing heterotopic ossification. This
method limits surgical exposure and requires
accurate diagnosis of distal tendon involvement
in the setting of single-head tears as the separate

grade partial tearing of the short head (straight arrows).
The long head of the biceps tendon is intact (curved
arrows) and attaches onto the radial tuberosity

footprints of the long and short head tendons can
be challenging to differentiate operatively [77].

Tendinopathy

Tendinopathy occurs 1-2 cm proximal to the
insertion of the distal biceps tendon. This region
has relatively decreased perfusion and elasticity
over time and is subsequently slower to heal fol-
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Fig. 3.33 Isolated short head biceps rupture. A 57-year-
old man presents with anterior elbow pain after lifting.
Axial T2 fat-suppressed (a) image above the level of the
elbow shows thickening of the distal short head tendon
(curved arrow) with surrounding fluid signal adjacent to a
normal-appearing long head distal biceps myotendinous
junction (straight arrow). Sagittal T2 fat-suppressed (b)

lowing traumatic insult. Degeneration associated
with hypoxic tendinopathy can be worsened
when combined with impingement during repeti-
tive pronation or secondary to enthesophytes at
the radial tuberosity [80]. Imaging features of
biceps tendinopathy includes tendon thickening
and increased signal without fiber disruption or
fluid clefts to suggest tear [81].

image demonstrates an intact distal long head tendon
(straight arrow) beneath a torn and retracted short head
tendon (curved arrow). Coronal T2 fat-suppressed (c)
image at the radial tuberosity shows an intact long head
tendon (arrow) proximal to a fluid-filled tendon gap at the
short head tendon footprint (curved arrow)

Distal Triceps Tendon Rupture
and Tendinopathy

Etiology and Clinical Presentation

Distal triceps tendon ruptures occur infrequently,
accounting for approximately 0.8% of tendon
ruptures. Men are more commonly affected, and
tendon rupture typically follows a traumatic
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event such as a direct blow, fall on outstretched
hand, or forced eccentric contraction. Local and
systemic factors have been associated with reduc-
tion in tendon strength and greater risk of tendon
injury. Local factors including corticosteroid
injections, olecranon bursitis, and prior opera-
tions can result in attritional changes of the tri-
ceps tendon. Systemic factors such as rheumatoid
arthritis, quinolone therapy, hyperparathyroid-
ism, anabolic steroid use, and diabetes mellitus
have been shown to increase tendon vulnerability
[82]. Complete triceps tendon rupture is less
common than partial tendon rupture, occurring
less than 1% [83].

Imaging

Familiarity with distal triceps tendon anatomy
aids in classifying tendon injuries. The triceps
tendon consists of the lateral, medial, and long
heads, which form deep and superficial layers
proximal to the olecranon insertion. The superfi-
cial layer is comprised of the lateral and long
heads, which form a central tendon. Additionally,
a lateral expansion extends from the superficial
layer over the anconeus and blends with the fore-
arm fascia distally [84]. The lateral expansion
functions similarly to the lacertus fibrosus, pro-

viding a small amount of elbow extension and
limiting the degree of tendon retraction in the
event of tendon rupture. The deep layer is formed
from the muscular medial head with a small ten-
don that extends to the olecranon [83].

Complete tendon tears typically occur at the
olecranon insertion and may be accompanied by
an avulsed fracture fragment or enthesophyte.
Often in these injuries, the lateral and long heads
are torn, while the medial head attachment
remains. MR imaging is useful in determining
the location and extent of tendon involvement.
Sagittal sequences can be used to identify avulsed
osseous fragments and delineate the degree of
tendon retraction (Fig. 3.34). Fluid-sensitive
sequences detect peritendinous and intramuscu-
lar edema and hemorrhage, while T1-weighted
imaging can identify the presence and severity of
fatty muscle replacement in chronic tendon inju-
ries. Predisposing conditions to triceps rupture
such as olecranon bursitis are readily identified
on MRI [85].

Treatment

Management of distal triceps tendon injuries is
determined by muscle and tendon integrity as
well as strength of elbow extension on physical

Fig. 3.34 Triceps tear in a 53-year-old man. Sagittal (a)
and axial (b) T2 fat-suppressed images show complete
tears of both the long and lateral heads of the triceps ten-
don (straight arrow). There is edema within the medial
head of the triceps due to muscle strain/partial tearing

(curved arrow). Injuries of the triceps tendon usually
result in partial tears of the long and lateral heads, as the
medial head is mostly muscle and attaches on the more
anterior aspect of the olecranon
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Fig. 3.35 Brachialis injury in a 19-year-old football
player. Axial (a) and sagittal (b) T2 fat-suppressed images
demonstrate diffuse edema and T2 signal hyperintensity

exam. Early surgical repair is indicated in com-
plete triceps tendon rupture as well as high-grade
partial tendon rupture involving greater than 50%
tendon thickness. Low-grade partial tears, par-
ticularly in patients with limited mobility, are
managed with several weeks of splint immobili-
zation followed by physiotherapy to restore func-
tional range of motion [86].

Brachialis

Distal brachialis muscle and tendon injuries are
quite rare with only several reports in the litera-
ture. Anatomic studies of the brachialis demon-
strate two discrete heads of the distal tendon, the
superficial and the deep head. The superficial
head inserts distally on the coronoid process, pro-
viding stability as well as mechanical advantage
when the elbow is in a flexed position. The deep
head inserts proximally and aids in the initiation
of flexion when the elbow is in the extended posi-
tion [87]. Forced eccentric contraction and hyper-
extension can lead to injury, which have similar
symptoms to distal biceps tendon rupture, includ-
ing pain and swelling of the anterior arm distally.
A palpable tendon defect is not appreciated in

of the brachialis muscle (straight arrow) deep to the distal
biceps muscle (curved arrow)

isolated brachialis tendon injuries due to the
intact overlying biceps brachii tendon.
Radiographs are often normal in cases of brachi-
alis muscle or tendon injuries. MR imaging is
useful in detecting the integrity of the distal ten-
don as well as identification of muscle strain and
hematoma (Fig. 3.35) [88, 89].

Lateral Epicondylosis (Common
Extensor Tendinopathy)

Etiology and Clinical Presentation

Tennis elbow, or lateral epicondylosis, received
its name due to the high prevalence of lateral
elbow pain attributable to common extensor ten-
don pathology in tennis players, affecting over
50% [90]. Additionally, common extensor tendi-
nopathy affects nonathletes, including laborers
and those who perform repetitive lifting or grip-
ping. Symptoms result from incomplete healing
of microscopic and macroscopic trauma to the
common extensor tendon during repeated wrist
extension [91]. Common extensor tendinopathy is
often a clinical diagnosis with focal pain at the
lateral epicondyle, exacerbated by wrist exten-
sion; however, imaging is occasionally performed
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to evaluate the severity of injury or identify alter-
nate etiologies for persistent lateral-sided elbow
pain.

Imaging

The deep fibers of the common extensor tendon
are comprised of the extensor carpi radialis brevis
(ECRB), which is most frequently affected in
common extensor tendinopathy. MR imaging
shows thickening as well as increased signal on
T1- and T2-weighted imaging, characteristically
involving the undersurface of the proximal com-
mon extensor tendon at the humeral epicondyle
origin. Areas of signal abnormality of the common
extensor tendon correspond to regions of fibro-
blast proliferation and collagen degeneration [92].
Tendon thinning, fiber disruption, and fluid signal
within the common extensor tendon represent ten-
don tears (Fig. 3.36). Secondary signs of common
extensor tendinopathy include bone marrow
edema involving the lateral epicondyle as well as
high T2 signal within the anconeus muscle [93].
The severity of common extensor tendinopathy
has been associated with the integrity of the under-
lying LUCL. In a study evaluating the LUCL in
patients with symptoms of lateral epicondylosis,
the LUCL was typically normal in cases of mild

common extensor tendinopathy. In contrast, the
LUCL in patients with moderate or severe com-
mon extensor tendinopathy was frequently abnor-
mal. Approximately 73% of patients with moderate
common extensor tendinopathy on MR imaging
showed thickening of the LUCL. All patients with
severe lateral epicondylosis were found to have
LUCL pathology; specifically, almost 90% of
patients were found to have partial or complete
LUCL tears [94]. As such, it is essential to deter-
mine the integrity of the lateral collateral ligament
complex on MR as conservative management has
a greater likelihood of failure when an associated
ligamentous injury is present [95].

Classification

Baker et al. described an arthroscopic classifica-
tion system for lateral epicondylosis in 1998. The
classification system focuses on the condition of
the ECRB tendon as well as the joint capsule [96]:

e Type I involves inflammation and fraying of
the ECRB tendon.

e Type II consists of linear tears involving the
undersurface of the ECRB tendon.

e Type Il includes an avulsion injury of the ten-
don and joint capsule.

Fig. 3.36 Common extensor tendinopathy. Coronal PD (a) and axial T2 (b) fat-suppressed images in a 42-year-old
man show thickening and increased signal within the common extensor tendon origin (arrows)
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Treatment

In isolated common extensor tendinopathy, non-
operative management is initially favored, includ-
ing rest, activity modification, and physical
therapy. Corticosteroid injections are controver-
sial in the management of common extensor ten-
dinopathy as studies have shown that steroids
may weaken the common extensor tendon and
predispose it to complete rupture [97]. When
conservative measures fail, ECRB debridement
or release is the operative intervention of choice
[98]. Patients with underlying lateral collateral
ligament complex compromise are at higher risk
of elbow instability following ECRB tendon
release due to loss of both static and dynamic lat-
eral elbow stabilizers, increasing the likelihood
of surgical failure and reoperation [99].

Medial Epicondylosis (Common
Flexor Tendinopathy)

Etiology and Clinical Presentation

Medial epicondylosis, or tendinopathy of the
flexor-pronator mass, is far less common than lat-
eral epicondylosis, occurring five to ten times less
frequently. Men and women are equally affected,
and the majority of cases involve the dominant

arm of athletes or patients in their fourth and fifth
decades. Repetitive wrist flexion and forearm pro-
nation result in microtrauma of the common
flexor tendon, which leads to inflammation, fibro-
blast proliferation, and subsequent fibrosis.
Additionally, valgus elbow stress during early
throw acceleration is antagonized by the common
flexor tendon predisposing it to injury. On exami-
nation, patients describe point tenderness at the
medial epicondyle which is exacerbated by
resisted forearm pronation and wrist flexion.

Imaging

Acute or chronic common flexor tendon tears,
avulsion fractures of the medial epicondyle, and
tendinopathy can produce medial elbow pain, and
cross-sectional imaging may be necessary to dif-
ferentiate these pathologies. MR imaging is useful
in distinguishing these processes and clarifying the
etiology of medial elbow pain. The common flexor
tendon is normally hypointense on all pulse
sequences and is optimally assessed in axial and
coronal planes. Tendinopathy (or medial epicondy-
losis) results in thickening and increased T1 and T2
signal within the common flexor tendon; however,
the most specific MR findings include intratendi-
nous T2 hyperintensity as well as peritendinous
soft tissue edema (Fig. 3.37) [100]. The MR

Fig. 3.37 Common flexor tendinopathy. Coronal PD (a)
and axial T2 (b) fat-suppressed images in a 28-year-old
man show thickening and increased signal within the

common flexor tendon origin (arrows). Often there is
coexisting partial tearing in these individuals as seen in
this patient
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appearance of common flexor tendon tear includes
fluid signal within or traversing the tendon as well
as partial or complete fiber disruption. Tendinopathy
of the flexor-pronator mass is associated with addi-
tional ulnar-sided elbow pathology, including ulnar
neuropathy and ulnar collateral ligament injury,
and MR imaging plays an important role in identi-
fying affiliated elbow injuries [101].

Treatment

Conservative treatment is preferred in the manage-
ment of common flexor tendinopathy and is effec-
tive in the majority of cases. Activity modification,
bracing, and stretching are often sufficient to alle-
viate symptoms; however, operative intervention
is indicated in refractory symptoms. Surgical treat-
ment includes open debridement versus reattach-
ment or repair of the common flexor tendon.

Soft Tissues
Nerves

Traction injuries and entrapment neuropathies
comprise traumatic elbow pathology. MR

~:Radial Nerve ¢ i: Ulnar Nerve

imaging provides a detailed evaluation of
nerve course and signal as well as information
on secondary signs of nerve impingement
including muscle edema and atrophy
(Fig. 3.38).

Ulnar Nerve
Cubital Tunnel Syndrome

Etiology and Clinical Presentation

Ulnar neuropathy secondary to cubital tunnel
syndrome is a common upper extremity entrap-
ment neuropathy, second in incidence to carpal
tunnel syndrome. Traction of the ulnar nerve
within the confinement of the cubital tunnel
during valgus stress predisposes it to injury,
particularly if there is failure of static restraint
of the ulnar collateral ligament. Posteromedial
osteophyte formation can also result in extrin-
sic compression of the ulnar nerve (Fig. 3.26).
Repeated elbow flexion and hypermobility pre-
dispose patients to ulnar neuropathy at the
elbow. Alternate locations of ulnar nerve com-
pression have been established, including the

BR: brachioradialis

ECRL: extensor carpi radialis longus
Sup: supinator

ED: extensor digitorum

An: anconeus

FDP: flexor digitorum profundus
FCU: flexor carpi ulnaris

FDS: flexor digitorum superficialis
FCR: flexor carpi radialis

PT: pronator teres

*AIN involvement

Fig. 3.38 Muscle innervation diagram of the proximal forearm
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arcade of Struthers, between the humeral and
ulnar heads of the flexor carpi ulnaris, the
medial epicondyle, and the deep flexor aponeu-
rosis. Anatomic variations can also predispose
individuals to the development of cubital tunnel
syndrome. An accessory anconeus epitrochle-
aris muscle is present in almost 25% of the
population. A low-lying medial head of the tri-
ceps may also compress the ulnar nerve within
the cubital tunnel. The cubital tunnel retinacu-
lum has been shown to be thickened in 22% of
patients, which may result in mass effect on the
ulnar nerve. Alternatively, the cubital tunnel
retinaculum is absent in up to 10% of the popu-
lation, and this may predispose patients to ulnar
nerve subluxation or dislocation, either of
which may cause ulnar neuropathy [102].
Symptoms of cubital tunnel syndrome include
paresthesias involving the ulnar aspect of the
forearm and hand, including the ring and small
fingers. A claw deformity of the fourth and fifth
digits can also occur from chronic compression
of the ulnar nerve.

Imaging

In addition to the ability to detect anatomic vari-
ants within and around the cubital tunnel, MR
imaging plays an important role in evaluating the
size, signal, and course of the ulnar nerve at the
elbow. Cross-sectional area of 0.08 cm? has an
established 95% sensitivity and 80% specificity
for detecting ulnar neuropathy. Additionally,
obliteration of perineural fat can be seen in com-
bination with focal or diffuse nerve enlargement
(Fig. 3.39). Subtle increase in ulnar nerve signal
on fluid-sensitive MR sequences can be challeng-
ing to detect; however, the use of short-tau inver-
sion recovery images or high spatial resolution
neurography sequences can provide more accu-
rate evaluation of the wulnar nerve [103].
Secondary signs of cubital tunnel syndrome
include denervation muscle changes in the distri-
bution of the ulnar nerve. Hyperintensity on
fluid-sensitive sequences within the flexor carpi
ulnaris as well as the medial half of the flexor
digitorum profundus muscles may be seen fol-
lowed by fatty muscle replacement in long-
standing nerve compromise.

Fig. 3.39 Ulnar neuritis. A 65-year-old woman presents
with lateral elbow pain and paresthesias in her ring and
small fingers. Axial T2 fat-suppressed image shows
enlargement and increased signal of the ulnar nerve
(arrow) at the level of the cubital tunnel

Treatment

In patients with mild symptoms, activity modifi-
cation, nonsteroidal anti-inflammatory medica-
tion, and nocturnal bracing with elbow in
extension are used to improve symptoms of cubi-
tal tunnel syndrome. In severe symptoms or when
conservative measures fail, operative interven-
tions include ulnar nerve decompression with or
without nerve transposition or medial epicondy-
lectomy. Ulnar nerve transposition is favored
when osteophytes, heterotopic ossification, frac-
ture, or tumor compromises the cubital tunnel.
Additionally, greater success with transposition
is seen in throwing athletes due to repetitive flex-
ion and valgus stress.

Median Nerve
Pronator Syndrome

Etiology and Clinical Presentation

Pronator syndrome is a result of median nerve
compression at the level of the elbow. Multiple
locations of entrapment have been reported,
including a supracondylar process, which is an
osseous eminence along the anteromedial aspect
of the distal humeral diaphysis. The ligament of
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Struthers extends from the supracondylar process
to the medial epicondyle and may compress the
median nerve proximal to the elbow. The lacertus
fibrosus, or bicipital aponeurosis, travels over the
median nerve and brachial artery within the ante-
cubital fossa. Distal to the elbow joint, the median
nerve can become entrapped between the humeral
(superficial) and ulnar (deep) heads of the prona-
tor teres or at the flexor digitorum superficialis
aponeurosis. Symptoms of pronator syndrome
can be difficult to distinguish from carpal tunnel
syndrome; however, characteristic symptoms
include forearm pain as well as a positive Tinel
sign at the proximal forearm with a negative
Tinel sign at the wrist [104]. The most common
site of nerve compression is at the pronator teres,
and symptoms can often be elicited by resisted
pronation.

Imaging

Radiographs are often the initial imaging method
of choice in patients with suspected pronator syn-
drome to evaluate for the presence of a supracon-
dylar process. MR imaging can aid in identifying
the location of median nerve compression; how-
ever, it may appear normal on imaging.
Denervation muscle changes affect the anterior
compartment of the forearm excluding the flexor
muscles innervated by the ulnar nerve (flexor
carpi ulnaris and the medial half of the flexor
digitorum profundus) [105].

Treatment

Conservative management of pronator syndrome
is often trialed over a course of 3—6 months with
rest from offending activity, splinting, and use of
nonsteroidal medication. This is followed by
median nerve decompression if nonoperative
management fails.

Anterior Interosseous Nerve
Syndrome

Etiology and Clinical Presentation

The anterior interosseous nerve (AIN) is a branch
of the median nerve that begins approximately
5 c¢cm beyond the elbow joint. It passes between

the humeral and ulnar heads of the pronator teres
before extending along the palmar aspect of the
forearm interosseous membrane. The lateral half
of the flexor digitorum profundus as well as the
deep forearm compartment including the flexor
pollicis longus as well as the pronator quadratus
muscles. AIN syndrome can result from iatro-
genic trauma from venous puncture, extrinsic
compression from an accessory flexor pollicis
longus muscle (known as Gantzer muscle), or
radial diaphysis trauma. Symptoms of AIN syn-
drome include motor deficits with preservation of
sensation as the AIN is a motor branch. Patients
present with decreased grip strength and inability
to form the “OK sign” due to weakness of the
flexor digitorum profundus and flexor pollicis
longus [105].

Imaging

While enlargement or increased signal of the
nerve on fluid-sensitive sequences can be seen in
the setting of AIN syndrome, the most predict-
able sign of AIN compression is diffuse T2 signal
hyperintensity within the pronator quadratus
muscle (Fig. 3.40). Rupture of the flexor pollicis
longus or flexor digitorum profundus tendons can
mimic symptoms of AIN syndrome, and MR
imaging can easily differentiate between these
entities [106].

Treatment

Many patients respond to nonoperative manage-
ment of AIN syndrome; however, an extended
course of rest and physical therapy may be
required. Nerve decompression is reserved for
cases where a cyst or mass is compressing the
AIN or when a conservative management fails.

Radial Nerve

Posterior Interosseous Nerve
Syndrome

Etiology and Clinical Presentation

The posterior interosseous nerve (PIN) is a con-
tinuation of the deep branch of the radial nerve
after it extends through the supinator muscle. The
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Fig. 3.40 AIN in a 44-year-old woman. Axial T2 fat-
suppressed images at the proximal (a) and distal (b) fore-
arm show denervation edema in the flexor digitorum

PIN travels around the radial neck and along the
posterior aspect of the forearm interosseous
membrane to innervate the common and deep
extensor muscle groups. Multiple areas of com-
pression have been established, including the
radial tunnel, which is formed by the radiocapi-
tellar joint capsule posteriorly, the biceps and
brachialis tendons medially, and the brachioradi-
alis and extensor carpi radialis muscles laterally.
Recurrent branches from the radial artery can
cross and impinge the posterior interosseous
nerve, termed the leash of Henry. The ECRB as
well as the supinator muscles can also result in
symptomatic compression of the PIN. Lastly, the
arcade of Frohse is a fibrous arch proximal to the
supinator muscle and is the most common cause
of PIN entrapment [104]. The close proximity of
the PIN to the radial neck increases its vulnera-
bility in the event of radial neck fractures or
radial head dislocation. Symptoms of PIN syn-
drome include forearm and wrist pain as well and
weakness in wrist extension.

Imaging

PIN syndrome is typically diagnosed clinically
based on physical exam; however, MR imaging is
useful in determining the level of compression as
well as whether or not the symptoms are due to
extrinsic compression from a mass lesion [107].
Denervation edema or atrophy can be seen in the

profundus (straight arrow) and pronator quadratus (curved
arrow) muscles, which is also seen on sagittal T2 fat-
suppressed image (c¢)

common and deep extensor muscles of the fore-
arm (Fig. 3.41).

Treatment

Surgery is indicated for treatment of a compres-
sive mass affecting the PIN. Similar to other
entrapment neuropathies, operative nerve release
is pursued when conservative measures fail to
alleviate symptoms.

Bursae

Normal bursae are synovial-lined potential
spaces located between apposing structures in
areas subject to motion that function to reduce
friction in these areas. Bursitis can result second-
ary to many etiologies, but mechanical trauma
and overuse are common causes of bursitis about
the elbow. The two main bursae about the elbow
are the bicipitoradial and olecranon bursae.

Bicipitoradial Bursitis

Etiology and Clinical Presentation

The bicipitoradial bursa is located between the radial
tuberosity and the distal biceps tendon. The most
common cause of bicipitoradial bursitis is repetitive
trauma, but additional etiologies including inflam-
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Fig. 3.41 PIN syndrome. A 39-year-old man complains
of forearm pain and weakness with wrist extension. Axial
(a) and coronal (b) T2 fat-suppressed images show dener-

matory arthropathies, infection, and synovial chon-
dromatosis can lead to bursal expansion. Distention
of the bicipitoradial bursa can limit elbow flexion
and extension. If adjacent radial nerve compression
is present, symptoms are determined by the specific
branch involved. The superficial branch of the radial
nerve is a sensory branch that innervates the dorsal
and radial aspect of the hand and if impinged can
lead to numbness in this distribution. The deep
branch of the radial nerve is a motor branch that con-
trols the forearm extensors, and the supinator muscle
and weakness in forearm extension may occur if
bursal mass effect involves the deep branch. If sig-
nificantly enlarged, bicipitoradial bursitis can be a
palpable antecubital mass [108].

Imaging
MR imaging in bicipitoradial bursitis shows
fluid distention of the bursa interposed between

vation edema within the extensor tendons (arrows) along
the posterior aspect of the interosseous membrane (a),
extending from the lateral epicondyle (b)

the deep fibers of the distal biceps tendon and
the anterior cortex of the proximal radius and
best assessed on axial images (Fig. 3.42). The
mean size of the bicipitoradial bursa is
1.8 x 2.5 cm, and the configuration may be tear-
drop-shaped during forearm pronation due to
compression of the biceps tendon against the
radial cortex or U-shaped around the distal
biceps tendon during supination. Typically,
there is no articular communication with the
bicipitoradial bursa. The bursa may change
shape depending on whether the forearm is
supinated or pronated. If enlargement leads to
nerve compression, denervation muscle edema
or atrophy can be identified in the supinator and
forearm extensors [109]. Bicipitoradial bursitis
can also be associated with biceps tendinopathy
or tear, and therefore careful evaluation of the
tendon is crucial.
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Fig.3.42 Bicipitoradial bursitis in a 42-year-old woman.
Axial (a) and sagittal (b) T2 fat-suppressed images show
a lobulated mass (straight arrows) fluid equivalent in sig-
nal along the anterior forearm. This fluid collection is

Treatment

Conservative management including aspiration
and corticosteroid injection has been implicated
in bicipitoradial bursitis. If significant bursal
enlargement recurs or results in limited range of
motion or neurologic symptoms, surgical resec-
tion may be required for symptom management.

anterior and wraps around the biceps tendon (curved
arrows). Axial T1 fat-suppressed post-contrast image (c)
shows peripheral enhancement

Olecranon Bursitis

Etiology and Clinical Presentation

The olecranon bursa is a potential space lined
with a synovial membrane, which functions to
reduce friction between the soft tissues and the
olecranon process [110]. Olecranon bursitis is a
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Fig. 3.43 Olecranon bursitis in a 62-year-old man.
Sagittal (a) and axial (b) T2 fat-suppressed images show a
large olecranon bursa with associated internal debris

clinical diagnosis with focal pain and swelling
along the posterior aspect of the elbow, localized
over the olecranon. Repetitive trauma or pro-
longed pressure to the elbow can result in inflam-
mation and accumulation of fluid within the
olecranon bursa. Other causes include systemic
inflammatory conditions (rheumatoid arthritis,
gout) or infection. If the bursitis is bilateral, the
presumptive diagnosis is gout until proved
otherwise.

Imaging

MR imaging features of olecranon bursitis
include a T2 hyperintense fluid collection in the
posterior elbow subcutaneous fat with or without
marginal lobulation, internal septations, or com-
plexity (Fig. 3.43). Soft tissue and olecranon
bone marrow edema are associated findings of
olecranon bursitis. Reactive triceps tendon thick-
ening and muscle edema can be seen with olecra-
non bursitis, which can predispose patients to
distal triceps tendon rupture. If bursal and soft

(arrows). There are many causes for bursitis including
posttraumatic, inflammatory, crystalline, inflammatory, or
infectious etiologies

tissue enhancement are absent on MR, septic bur-
sitis can be excluded; however, many imaging
findings of septic and nonseptic olecranon bursi-
tis overlap, and fluid sampling should be pursued
if there is concern for infection [111].

Treatment

Treatment of olecranon bursitis is dependent on
the presence or absence of infection. Septic olec-
ranon bursitis is treated with antibiotic therapy
with or without bursectomy depending on the
severity of infection. Nonseptic bursitis is man-
aged with conservative management and inter-
mittent aspiration with bursectomy reserved for
refractory cases [112].
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Arthritis
Osteoarthrosis

Primary osteoarthrosis is usually described as
age-related wear and tear of the cartilage occur-
ring predominantly in weight-bearing joints [1].
Elbow primary osteoarthrosis is uncommon,
affecting 1-3% of the population, and most com-
mon among middle-aged men who report heavy
manual labor or elbow overuse [2—4].

In the early stages of the disease, patients often
present with pain on extension and flexion. It is
thought that the reason for the pain is primarily
the friction of the osteophytes at the tips of the
coronoid and olecranon with their respective fos-
sae [4]. Pain, in the later stages of the disease, is
thought to be secondary to diffuse articular degen-
eration [4]. Another manifestation of elbow osteo-
arthrosis is stiffness or a “locking sensation.”
Osteoarthritis is the second most frequent cause
of elbow stiffness after previous trauma [5]. As
the osteophytes enlarge, they become space-occu-
pying and result in rigidity of the elbow joint [4].
All of these manifestations may severely affect a
patient’s activity of daily living and quality of life.
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Radiologic evaluation of elbow osteoarthrosis
should begin with radiographs that can offer most
of the information needed for diagnosis and treat-
ment planning [6]. Computed tomography (CT)
is used to identify osteophytes and loose bodies
not well visualized on radiographs and to delin-
eate heterotopic ossification [6]. Magnetic reso-
nance imaging (MRI) is utilized to best assess the
articular cartilage and to evaluate for infection.

MRI provides full assessment of the bone,
articular cartilage, synovium, and soft tissues. If
elbow osteoarthrosis is present, the following
findings may be identified (Fig. 4.1):

1. Osteophytes: Bone marrow signal on T1- and
T2-weighted images.

2. Subchondral sclerosis: Hypointense signal on
T1-weighted images and fluid-sensitive
sequences.

3. Subchondral cyst formation: Hypointense sig-
nal on T1-weighted images and hyperintense
signal on T2-weighted images.

4. Subchondral edema and effusion in the setting
of high-grade cartilage loss.

5. Loose bodies.

Nonuniform loss of joint space with preserva-

tion of the joint space centrally and degenera-

tive changes anteriorly and posteriorly.

7. Distribution: Involvement of the radiocapitel-
lar joint alone is uncommon. There is usually
concomitant degenerative changes of the
ulnohumeral joint [4].
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Fig. 4.1 Primary osteoarthrosis in a 62-year-old female. (a, b) Coronal T1-weighted MR images show severe joint
space narrowing, osteophytosis (arrow head), and subchondral sclerosis (dashed arrow)

Neuropathic Arthropathy

Neuropathic arthropathy, also known as Charcot
joint, is a progressive, destructive arthritis that
rarely affects the elbows. Among patients with
neuropathic arthropathy, only 3% of the cases
involve the elbow [7]. It is associated with cervi-
cal spine pathology such as syringomyelia or dia-
betes. Twenty-five percent of patients with
syringomyelia will develop neuropathic arthrop-
athy with 80% occurring in the upper extremity
[8]. Patients usually present with painless joint
swelling, joint instability, or elbow dysfunction.
There are three phases of the neuropathic
joint: the destructive/atrophic phase, reparative/
hypertrophic phase, and quiescent phase. During
the destructive phase, the joint is swollen and
there is extensive bone erosion. As for the repara-
tive phase, there is dense fibrous tissue formation
with coalescence of the debris. The quiescent
phase is mainly depicted by osseous sclerosis.
The atrophic changes are mainly seen in the hip,
shoulder, and foot, while the hypertrophic
changes are described more in the elbow [8].

Usually radiographs are adequate for evalua-
tion of neuropathic arthropathy. However, if an
MRI is needed for confirmation, the following
findings are expected:

1. Osseous destruction of both sides of the joint
best seen on T1-weighted images

2. Bone production including sclerosis and het-

erotopic ossification

. Intramuscular edema surrounding the joint

4. Joint effusion, hyperintense on fluid-sensitive
sequences and hypointense on T1 sequence,
intra-articular debris

W

A cervical MRI study should be considered to
evaluate for cervical spine pathology, especially
in the setting of bilateral abnormalities.

Rheumatoid Arthritis

Rheumatoid arthritis (RA) is an autoimmune mul-
tisystemic inflammatory condition with a preva-
lence of 1% [9]. It may affect multiple joints.
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Fig.4.2 A 43-year-old woman with rheumatoid arthritis.
(a) Coronal T1-weighted MR image shows bone erosions
and edema at the ulnotrochlear articulation (circle). (b)

20-50% of RA patients will demonstrate elbow
involvement [10]. The disease is more common in
women and can occur at any age but has a peak
onset in the fourth and fifth decades of life [9].

Rheumatoid arthritis is the most common
source of inflammatory symptoms of the elbow
[11]. TIts clinical manifestation parallels the
pathology occurring in the joint. The initial pre-
sentation in nearly half of patients with RA is
elbow synovitis manifesting as pain and restric-
tion of motion [10]. If the synovitis does not
resolve, secondary changes can occur, such as
flexion contracture caused by loss of extension
ability due to pain. Synovitis can affect the elbow
ligaments leading to instability and can cause
joint capsule distention leading to neurovascular
compression symptoms [12]. Chronic synovitis
can damage the articular cartilage resulting in
secondary osteoarthritis [10].

The first step in the radiographic evaluation of
RA should be AP and lateral radiographs.
Findings may include symmetric joint space nar-
rowing, periarticular erosions, and disuse osteo-
penia [13]. Additional workup with MRI has
proved to have its advantages. MRI is the most
sensitive modality to diagnose early RA which is
important in the setting of early treatment with

Axial T2-weighted MR image demonstrates elbow effu-
sion (arrow) and marked synovitis (arrow head)

disease-modifying antirheumatic drugs [9]. MRI
also plays a role in assessing for RA activity by
detecting effusions, capsular distention, and bone
marrow edema.

Some of the findings seen on MRI in the set-
ting of elbow RA include (Fig. 4.2):

1. Bone erosions are more specific for RA
than synovitis. They equally involve the
capitellum, trochlea, ulna, and radial head/
neck.

2. Bone marrow edema can be predictive of
future erosion sites. It appears hyperintense
on fluid-sensitive sequences and hypointense
on T1 sequence [14].

3. Joint effusion. Hyperintense on fluid-sensitive
sequences and hypointense on T1 sequence.
Absence of enhancement. Rice bodies, which
have a hypointense signal on fluid-sensitive
sequences, may be seen within the effusion.

4. Thickened and inflamed synovium (synovi-
tis): hypointense on T1 sequence, hyperin-
tense on fluid-sensitive sequence, and early
enhancement, which differentiates it from
adjacent effusion [9].

5. Cartilage — decreased
irregularity.

thickness and
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Fig. 4.3 A 51-year-old male with psoriatic arthritis. (a)
Axial PD fat-saturated (FS) weighted MR image shows
thickening and edema of the common extensor (arrow) and
flexor tendons (arrow head) and the adjacent soft tissues.

6. Olecranon bursitis: Bursal fluid appears
hypointense on T1 and hyperintense on fluid-
sensitive sequences.

Psoriatic Arthritis

Another inflammatory condition that affects the
elbow is psoriatic arthritis. Its prevalence is
between 2% and 3% [15]. It occurs equally in
men and women and is more common in
Caucasians [15]. Enthesitis is the hallmark of
psoriatic arthritis. Some studies suggest that it is
the initial site of inflammation that may ulti-
mately lead to marginal bone erosions [16].
Elbow enthesitis was described as the sixth most
common site of enthesopathy in patients with
psoriatic arthritis after the Achilles tendon, plan-
tar fascia, patellar tendon, quadriceps tendon, and
great trochanter [15]. It mainly involves the olec-
ranon process and the bicipital insertion of the
proximal radius.

Similar to RA, radiographic evaluation should
begin with radiographs which may show ossific
enthesopathy, periostitis, bone proliferation, and
joint subluxation. Further workup with MR imag-
ing is helpful to detect early stages of the disease
and help differentiate between active inflammation
and chronic abnormalities when contrast is used.

Findings on MRI may include (Fig. 4.3):

(b) Coronal T2 FS-weighted MR image demonstrates
enthesitis of the common flexor tendon (arrow head). (¢)
Sagittal PD-weighted MR image shows bone erosion, sub-
chondral sclerosis, a joint effusion, and synovitis

1. Enthesitis which can have different imaging
manifestations:

(a) Soft tissue swelling of the entheseal area
(hyperintense signal on fluid-sensitive
sequences)

(b) Increased bursal fluid adjacent to liga-
ment/tendon insertions

(c) Hyperintense signal on fluid-sensitive
sequences at the insertions of ligaments
and tendons [9]

(d) Bone marrow edema at the tendon/liga-
ment insertion site

2. Periostitis: Smooth or irregular cortical bone
thickening

3. Synovitis which appears indistinguishable
from that of rheumatoid arthritis: hypointense
on T1 sequence, hyperintense on fluid-
sensitive sequence, and early enhancement,
which differentiates it from adjacent effusion

[9]

4. Bone erosions: Hypointense T1 signal at the
site of erosions

Gout Arthropathy

Gout arthropathy is a crystalline arthropathy
caused by monosodium urate crystal deposition in
joints. The prevalence of gout ranges from 1% to
4% [17]. It is generally more common in men, the
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Fig. 4.4 A 59-year-old male with gout arthropathy. (a)
Sagittal PD FS-weighted MR image shows an olecranon
bone erosion (arrow) with underlying bone marrow
edema. (b) Axial T2 FS-weighted MR image demon-

elderly, and patients from Oceanian islands [17].
However, studies have shown that the incidence
of gout in postmenopausal women and women
above the age of 60 becomes similar to that of
men [18]. Patients usually present with intermit-
tent acute episodes of inflammation. Elbow
involvement occurs in 30% of patients with gout,
and the main presenting symptom is olecranon
bursitis [19]. When a patient presents with bilat-
eral olecranon bursitis, gout is favored to be the
culprit over an infectious process or trauma [19].

The radiographic evidence of gout is usually
delayed and manifests 6-8 years after initial
attack [19]. Radiographic findings depend on the
location of the urate crystal deposition. If it
deposits in the soft tissues, tophi develop and are
described as hyperdense soft tissue masses. The
most classical radiographic presentation of gout
is punched out juxta-articular erosions with scle-
rotic margins, overhanging edges, and preserved
joint spaces [19].

Additional workup with MRI may be per-
formed to evaluate gout at unusual locations and
if other modalities are equivocal [20]. It can also

strates joint effusion with synovial thickening (arrow) as
well as triceps tendinopathy with surrounding soft tissue
edema

be utilized to exclude osteomyelitis and septic
arthritis. MRI has a better sensitivity than radio-
graphs to identify erosions and detect early
changes such as bone marrow edema and synovi-
tis [20]. Findings seen with elbow gout arthropa-
thy include (Fig. 4.4):

1. Olecranon bursitis: Hyperintense fluid collec-
tion on fluid-sensitive sequences over the
extensor surface of the elbow

2. Chronic gouty tophi are a mixture of crystals,
hemosiderin, protein, and fibrous tissue:
Varying signal intensities on MR but are
usually low signal on T1 sequence, low- inter-
mediate signal on fluid-sensitive sequences
and demonstrate homogeneous intense
enhancement

3. Bone erosions: Juxta-articular, eccentrically
located bone erosions

4. Thickened and inflamed synovium (synovi-
tis): hypointense on T1 sequence, hyperin-
tense on fluid-sensitive sequence, positive
early enhancement, which differentiates it
from adjacent effusion
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Calcium Pyrophosphate Deposition
Disease

Calcium pyrophosphate deposition disease
(CPPD) is another crystal arthropathy that is
characterized by deposition of pyrophosphate
crystals into tendons, ligaments, cartilage, and
synovium [21]. It is estimated that CPPD affects
4-7% of the adult population in Europe and the
United States and predominately occurs in older
individuals [22]. It can be idiopathic or of meta-
bolic, hereditary, or posttraumatic etiology [23].
Clinical presentation of CPPD ranges from
asymptomatic joint disease to pseudogout syn-
drome which is defined as CPPD with synovitis.
Chondrocalcinosis is a nonspecific feature of
some CPPD cases and is best depicted on radio-
graphs and CT. Chondrocalcinosis is the deposi-
tion of CPPD crystals into fibrous and/or hyaline
cartilage, with or without arthropathy. The imag-
ing findings of CPPD arthropathy are similar to
osteoarthritis. However, CPPD typically involves
non-weight-bearing joints like the elbow and
shoulder, whereas osteoarthrosis usually involves
the weight-bearing joints like the knees and hips.

Advanced imaging with MRI may be useful to
detect CPPD disease in some cases but remains
insensitive to tissue calcification which is more
common in CPPD when compared to other
arthropathies [19]. MRI findings include
(Fig. 4.5):

1. Chondrocalcinosis may not be conspicuous
on MR and its signal is variable: hypointense
or hyperintense on T1 sequences and fluid-
sensitive sequences.

2. Productive arthropathy characterized by
osteophytes, subchondral sclerosis, subchon-
dral cyst formation, and subchondral edema.

Hydroxyapatite Crystal Deposition
Disease

Hydroxyapatite crystal deposition disease
(HADD) is a self-limited condition also known
as calcific tendinosis. Women are more often
affected than men with a peak incidence in the
fourth through sixth decade of life [24]. Other
groups affected include those routinely raising

Fig. 4.5 A 69-year-old male with CPPD. (a) Coronal and (b) axial CT images show chondrocalcinosis within the
radiocapitellar joint (arrow)
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their arms up and down whether during sport or
work. HADD causes periarticular disease in the
form of tendinitis or bursitis and rarely causes
true articular disease [19]. It can affect any joint
but is most common in the shoulder followed by
the hip and elbow. Elbow HADD mainly involves
the medial epicondyle, lateral epicondyle, and
olecranon process [25].

Uhthoff and Sarkar broadly classified HADD
into the formative and resorptive phases [26].
During the formative phase where the fibrocarti-
lage is replaced with calcific deposits, patients
are usually asymptomatic. However, during the
resorptive phase, the calcific deposits can rupture
to nearby tissue and result in acute inflammation
which manifests as acute joint pain.

Imaging evaluation of HADD ideally begins
with radiography because of its high sensitivity
to detect calcifications [25]. Further workup with
MRI is not necessarily needed but can be advan-
tageous when detecting the pattern of crystal
deposit migration during the resorptive phase.
MRI is also helpful in evaluating the inflamma-
tory response triggered by HADD in the resorp-
tive phase. Some of the MRI findings include
(Fig. 4.6):

1. Periarticular calcium hydroxyapatite deposi-
tions: hypointense on all pulse sequences,
which can make it difficult to identify without
correlative radiographs. The crystal deposits
do not enhance.

2. Local inflammatory changes: bursal fluid, soft
tissue edema, or bone marrow edema around
the deposit(s).

Hemophilia

Hemophilia is a congenital disease character-
ized by deficit or absence of clotting factors
[27]. One of its major complications if not
treated correctly is hemophilic arthropathy [28].
The most common joint involved is the knee,
followed by the elbow and the ankle [29].
Around 80-90% of patients with hemophilia
without primary prophylaxis treatment present
elbow arthropathy [27].

The arthropathy is a result of repeated intra-
articular hemorrhage that leads to synovial
hypertrophy and inflammation which in turn is
prone to more bleeding [30]. Patients usually
present with elbow pain, limited range of
motion, and decreased muscle strength.
Extension is the first movement of the elbow
joint affected [27].

Early osteochondral damage secondary to
small intra-articular bleeds may be subclinical
and undetectable on physical exam [31].
Diagnostic imaging is helpful in diagnosis of
subclinical arthropathy which may impact pro-
phylactic treatment [31]. A radiograph is only
effective in assessment of late arthropathy [28].
The most commonly observed radiographic signs
are enlargement of the epiphysis and osteoporo-
sis. Less commonly observed findings include
soft tissue swelling, enlargement of the radial
head, and joint space irregularity with narrowing.
MR imaging is more sensitive for evaluation of
hemophilic arthropathy and detection of early
changes [28]. Some findings seen on MR imag-
ing include (Fig. 4.7):

1. Effusion/hemarthrosis: heterogeneous on T1
and fluid-sensitive sequences due to blood
products at different stages

2. Synovial hypertrophy and inflammation:
hypointense on T1 sequence, hyperintense on
fluid-sensitive sequence, and  early
enhancement

3. Hemosiderin deposits along the synovium:
hypointense on TI1 and fluid-sensitive
sequences. Susceptibility or “blooming” arti-
fact on gradient-echo sequence

4. Cartilage loss

Subchondral erosions and cysts

6. Hemophilic soft tissue pseudotumor is pro-
gressive cystic swelling of muscle due to
repeated bleeding:

(a) Soft tissue mass is heterogeneous on T1
and fluid-sensitive sequences due to
blood products of various ages

(b) Hemosiderin nodular deposits along cap-
sule of lesion (low signal on all sequences,
blooms on gradient-echo sequences)

(c) Possible scalloping of adjacent bone

e
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Fig. 4.6 A 33-year-old female with hydroxyapatite crys-
tal deposition arthropathy. Images show multiple calcifi-
cations (arrows) along the proximal fibers of the common
extensor tendon that appear hypointense on T1-weighted

Fig. 4.7 A 20-year-old male with hemophilic arthropa-
thy. (a) Sagittal T1-weighted MR image shows severe
elbow joint space narrowing and extensive bone erosions
(circle). (b) Sagittal T2 FS-weighted MR image demon-
strates severe joint space narrowing, bone marrow edema

Diffuse Idiopathic Skeletal
Hyperostosis

Diffuse idiopathic skeletal hyperostosis (DISH)
is a common condition characterized by ossifica-

MR image (a) and hypointense on STIR MR image (b)
and that demonstrate blooming artifact on susceptibility
weighted MR image (c)

of the distal humerus, and proximal ulna (arrow). (c)
Marked blooming artifact is seen in the gradient-echo MR
sequence around the elbow consistent with hemosiderin
deposition (arrow)

tion of the spinal and extraspinal entheses [32].
Elbow hyperostosis is seen in 49% of patients
with extraspinal DISH with the olecranon being
the most common site involved [19]. The preva-
lence of elbow hyperostosis is higher in patients
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with spinal DISH and in patients with shoulder
DISH, illustrating the multifocal nature of the
disease [33].

Clinically, patients usually present with pain
and limited range of motion secondary to the
ossifications [19]. Radiographically, hyperostotic
spurs are present at the interface of strong mus-
cles and bone, like triceps/olecranon, common
extensors/lateral epicondyle, and common flex-
ors/medial epicondyle [34]. It is important to
remember that DISH is not an arthropathy and
could be differentiated from osteoarthritis by
lack of joint and articular involvement. Further
evaluation with MRI is rarely necessary but find-
ings include:

1. Ossific spurs: T1 hypointense in early stages
and T1 hyperintense when the ossification
gets bigger, hypointense on fluid-sensitive
sequences unless large enough, minimal
enhancement in absence of fractures

2. Normal joint space

3. Normal cartilage

Tumor
Osteochondroma

Osteochondroma is one of the most common
benign bone tumors, accounting for 34.9% of all
benign bone tumors, but they are rare around the
elbow [35]. It is a cartilaginous neoplasm that
occurs in the proximal metaphysis of long bones
and grows away from the nearby joint [36].
Osteochondromas can be classified as either soli-
tary or multiple where they can occur spontane-
ously or in an autosomal dominant disorder
known as hereditary multiple exostoses (HME)
[35].

Patients with  osteochondromas located
between the ulna and radius in the elbow usually
do not have early symptoms, but as the tumor
progresses, symptoms including pain, limited
mobility, and skeletal deformities develop [36].
Radial head dislocation has been described in the
pediatric HME population when the tumor
involves the metaphysis of the ulna causing
shortening of the ulna in comparison to the radius

during growth. This leads to radial bowing and
subsequent radial head dislocation [36].

Similar to other bone tumors, initial workup
of osteochondromas begins with radiographs
which may show a sessile or pedunculated lesion
in the metaphyseal region typically projecting
away from the joint. The lesion is usually com-
posed of a stalk, marrow, and cortex, all continu-
ous with normal underlying bone. As for the
hyaline cartilage cap that is associated with
osteochondromas, it is not always visualized with
radiographs, but when it is, it appears as a rim of
endochondral calcifications. MR is the best imag-
ing modality to evaluate the cartilaginous cap,
assess for malignant transformation of the tumor,
and detect adjacent bone marrow and soft tissue
edema. Findings on MR imaging include
(Fig. 4.8):

1. A cartilage cap: Intermediate to hypointense
on Tl1-weighted sequence, hyperintense on
fluid-sensitive sequences, non-enhancing on
post-contrast imaging. The cartilage cap
thickness should not measure over 1.5 cm in
thickness [37]. A thick (more than 1.5 cm)
and/or enhancing cartilage cap is worrisome
for malignant transformation.

2. Normal medullary bone extending into the
exostoses with cortex continuous with parent
bone.

3. Bone marrow and soft tissue edema may rep-
resent mechanical changes from impingement
or trauma.

Fibrous Dysplasia

Fibrous dysplasia is a benign tumor-like bone
lesion where normal bone is replaced with imma-
ture disorganized bone and a dense fibrotic
stroma [12]. It is a rare disease accounting for
5-7% of all benign bone tumors; however, it is
the most common benign bone tumor of the
elbow constituting 20% of all benign elbow bone
lesions [38]. Fibrous dysplasia usually presents
in young adults.

Patients with fibrous dysplasia are usually
asymptomatic, but if they are symptomatic, they
present with pain which may be due to a pathologi-
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Fig. 4.8 A 21-year-old male with known osteochondro-
mas of the forearm. (a, b) Axial PD-weighted MR images
show a bone exostosis with medullary bone continuity
arising from the proximal radius (arrow) and a thin carti-

cal fracture or with a bowing deformity [38].
Radiographically, fibrous dysplasia has a character-
istic appearance of a lucent bone lesion with ground
glass internal matrix and a thick sclerotic border
[12]. MR imaging has a limited role in differentiat-
ing fibrous dysplasia from other bone lesions but
may be useful in assessing for malignant transfor-
mation to osteosarcoma, fibrosarcoma, or chondro-
sarcoma. Findings of fibrous dysplasia described on
MR imaging include (Fig. 4.9):

1. Solid lesion showing heterogeneity in differ-
ent parts of the lesion: heterogeneous interme-
diate signal on T1 sequence, heterogeneous
signal on fluid-sensitive sequences, heteroge-
neous contrast enhancement on post-contrast
imaging. Active portions of the lesion avidly
enhance, while inactive portions mildly
enhance.

2. Bone lesion that results in expansion of the
medullary cavity and thinning of the overly-
ing cortex.

3. Aneurysmal bone cyst may be associated with
the lesion: fluid-fluid level on fluid-sensitive
sequences.

Enchondroma

Enchondroma is a common benign cartilaginous
bone tumor that compromises around 7.7% of all

laginous cap (arrowhead). (¢) Plain radiograph of the fore-
arm shows multiple proximal and distal ulnar and radial
osteochondromas with bone remodeling distally

bone tumors [39]. Peak incidence of enchon-
droma is childhood to early adulthood and most
commonly arises in the small bones of the hand
and in major long bones such as the femur, proxi-
mal humerus, and tibia [40]. Enchondromas
around the elbow are rare.

Patients are typically asymptomatic unless
there is a superimposed pathologic fracture. New
pain at the site of known enchondroma may indi-
cate malignant transformation, which is rare [41].
Radiographically, enchondromas most com-
monly appear as central metaphyseal lesions with
intralesional “rings and arcs” calcifications and
without a sclerotic border. Additional evaluation
with MR imaging may be useful to assess for soft
tissue extension and to confirm the diagnosis
[39]. Of note, MR imaging plays a limited role in
differentiating enchondromas from low-grade
chondrosarcomas due to overlap in their radio-
logical features. Findings associated with
enchondromas include:

1. Lobulated lesion: Intermediate to low signal
on T1 sequence, high signal on fluid-sensitive
sequences (consistent with hyaline cartilage);
peripheral or septal enhancement on post-
contrast imaging.

2. Endosteal scalloping: Scalloping >2/3 cortical
thickness or >2/3 length of central lesion
should raise concern for transformation to
chondrosarcoma [41].
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Fig.4.9 A 34-year-old female with fibrous dysplasia. (a)
Axial STIR-weighted MR image shows a heterogeneous
predominantly STIR hyperintense lesion (arrow) in the
radial head. (b) Axial T1 FS post-contrast weighted MR
image demonstrates heterogeneous enhancement of the

Synovial Chondromatosis

Synovial chondromatosis is a benign prolifera-
tive condition of the synovial membrane which
results in the formation of cartilaginous or osse-
ous bodies within a joint or bursa [42]. It most
commonly occurs in the posttraumatic setting
and between the fourth and fifth decades of life.
Men are more often affected than women [9].
The most common location is the knee followed
by the elbow, hip, and shoulder [9].

Patients typically present with progressive
loss of range of motion, pain, swelling, joint
snapping, and locking [42]. Radiographically, the
appearance of synovial chondromatosis depends
on the degree of ossification of the cartilaginous
bodies. However, in its most distinctive appear-
ance, multiple small, calcific joint bodies of uni-
form size are present. If the cartilaginous bodies
are not calcified, definitive diagnosis may require
MR imaging [42]. Findings of elbow synovial
chondromatosis seen on MR imaging include
(Fig. 4.10):

1. Multiple uniformly sized loose bodies with
different degrees of calcification are most
commonly seen in one of the three locations
in the elbow including the coronoid fossa,
olecranon fossa, and annular recess [9]. The

lesion with multiple areas of avid enhancement (arrow).
(c) Sagittal T1-weighted image shows the extent of the T1
hypointense lesion spanning from the proximal radial
head to the mid-radial diaphysis resulting in expansion of
the medullary cavity (arrow)

noncalcified portions of the cartilaginous
bodies are intermediate to hypointense on
T1 sequence and hyperintense on fluid-sen-
sitive sequences. Areas of mineralization
within the bodies are depicted as signal
voids with blooming artifact on gradient-
echo imaging.

2. Synovial thickening: Hypointense on fluid-

sensitive sequences, enhances on post-contrast

imaging, typically blooms on gradient-echo

imaging.

Adjacent bone erosions are common.

4. Joint effusion. Hyperintense on fluid-sensitive
sequences; hypointense on T1 sequence.

hed

Intra-articular Tenosynovial Giant
Cell Tumor

Intra-articular tenosynovial giant cell tumor
(ITGCT), formerly known as pigmented villon-
odular synovitis, is a rare benign proliferative and
hemorrhagic synovial disorder [43]. The disease
presents in either a localized or diffuse form.
ITGCT prefers large joints such as the knee and
hip and less commonly occur in the ankle, shoul-
der, and elbow [9]. It usually affects adults in
their third and fourth decades of life without gen-
der predilection [43].
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Fig. 4.10 A 47-year-old male with synovial chondroma-
tosis. Coronal T2 FS- (a) and T1 (b)-weighted MR images
show multiple T2 FS and T1 hypointense ossified loose

Patients with ITGCT typically present with
pain, stiffness, and recurrent effusions of the joint
[43]. On radiographs, ITGCT can manifest as a
large joint effusion without fracture, bone ero-
sion due to direct pressure, or even bone invasion
[44, 45]. Additional workup with MR imaging is
useful to depict abnormalities of the joint and
evaluate the extent of disease [45]. MR imaging
findings of ITGCT include (Fig. 4.11):

1. Synovial-based masses: Low to intermediate sig-
nal on T1 sequence, low signal on fluid-sensitive
sequences, blooming artifact on gradient-echo
images, homogeneous or peripheral synovial
enhancement on post-contrast imaging

2. Joint effusion. Hyperintense on fluid-sensitive
sequences, hypointense on T1 sequence

3. Bone erosions

Osteosarcoma

Osteosarcoma is the second most common pri-
mary malignant bone tumor in adults with peak

.

bodies within the joint space, predominantly within the
coronoid fossa (arrows). Bone erosions are also noted
(arrow head)

incidence in the second decade of life [46]. Its
most common histologic subtype is conventional
osteosarcoma representing 80% of all cases [47].
Elbow osteosarcoma is not as frequent as in the
distal femur, proximal tibia, and proximal
humerus [38].

Clinical presentation of elbow osteosarcoma
is insidious with the most common presenting
symptom being pain, worse with movement and
swelling [38]. Initial workup with radiographs
typically shows an aggressive mixed lytic/scle-
rotic metaphyseal lesion with reactive periosteal
new bone formation and cortical bone erosion
[46]. Additional workup with MR imaging is
necessary to evaluate for local invasion into the
adjacent soft tissues, level of bone marrow
replacement, skip lesions, and extension into the
joints and growth plate [47]. Findings of conven-
tional elbow osteosarcoma on MR image include:

1. Heterogeneous lesion where ossified portions
of the lesion appear hypointense on all
sequences and non-ossified portions are
hypointense on T1-weighted sequences and
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Fig. 4.11 A 23-year-old male with localized intra-
articular tenosynovial giant cell tumor. Coronal and sagit-
tal MR images show a heterogeneous T2 mildly

hyperintense on fluid-sensitive sequences.
Non-necrotic portions of the mass enhance on
post-contrast imaging.

2. Associated soft tissue mass appears hyperin-
tense on fluid-sensitive sequences.

3. Peritumoral edema in the bone and soft
tissue.

Ewing Sarcoma

Ewing sarcoma is a malignant round cell tumor,
typically arising from the metadiaphysis of long
bones or less commonly from flat bones [48].
Ewing sarcoma can also arise from the soft
tissues immediately adjacent to the bone. It is the
second most common primary bone tumor in
children [49]. The majority of Ewing’s sarcomas
of the bone are located in the lower extremities
and pelvic girdle but rarely arise from the elbow
[38, 50].

Patients with elbow Ewing sarcoma generally
present with severe local bone pain, palpable soft
tissue mass, and/or systemic symptoms such as
fever [38]. On radiographs, Ewing sarcoma
appears as a moth-eaten destructive lucent lesion
with a large noncalcified soft tissue component
and aggressive periosteal bone formation [48].

hyperintense (a) and T1 isointense (b) rounded lesion in
the posterior fat pad (arrows) that demonstrates blooming
artifact on susceptibility weighted imaging (c)

Further workup with MR imaging is warranted to
evaluate for the local extent of the tumor and its
relation with the neurovascular bundle [48]. The
findings of elbow Ewing sarcoma seen on MR
imaging include (Fig. 4.12):

1. Bone tumor: Low to intermediate signal on
T1-weighted sequence, homogenous low to
intermediate  signal on  fluid-sensitive
sequence, heterogeneous but avid enhance-
ment on post-contrast imaging

2. Adjacent bone marrow and soft tissue edema

Chondrosarcoma

Chondrosarcoma is a malignant hyaline cartilage
tumor that arises in the fourth or fifth decade of
life. It is the third most common primary malig-
nant bone tumor. It can be classified as primary
(de novo) or secondary, arising from a preexist-
ing cartilaginous lesions, such as enchondroma
or osteochondroma [51]. Common locations of
chondrosarcoma in descending order are the long
bones, pelvis, ribs, and spine [51]. However, it
rarely occurs in the elbow [38].

Patients with chondrosarcoma of the elbow
usually present with elbow pain and swelling,
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Fig.4.12 A 20-year-old female with Ewing sarcoma. Axial and sagittal MR images show a T1 isointense (a) and het-
erogeneous T2 hyperintense (b) mass (arrows) in the anterior elbow soft tissues

Fig. 4.13 A 57-year-old male with biopsy-proven chon-
drosarcoma of the distal humerus. Axial T1-weighted (a)
and STIR (b) MR images show a lobulated T1 hypoin-
tense and STIR hyperintense lesion within the distal

similar to many other malignant bone tumors.
Radiographically, chondrosarcoma is demon-
strated as an aggressive lytic lesion with inter-
nal “rings and arcs” calcifications (78% of
cases) and endosteal scalloping [51]. Additional
workup with MR imaging may be helpful to
differentiate between low-grade and high-grade
chondrosarcoma. It can also be useful to evalu-
ate the extent of the intraosseous tumor. MR

humeral diaphysis (arrows) resulting in endosteal scallop-
ing (arrow head). The lesion demonstrates peripheral and
septal enhancement (arrow) on coronal post-contrast
T1-weighted image (c)

imaging features of chondrosarcoma include
(Fig. 4.13):

1. Lobular bone lesion: Hypointense on TI
sequence with small areas of hyperintensity
due to entrapped yellow marrow, hyperintense
on fluid sequences with hypointense internal
septa, septal and peripheral enhancement on
post-contrast imaging:
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Fig. 4.14 A 33-year-old female with biopsy-proven
synovial sarcoma. Axial T2 FS- (a) and T1-weighted (b)
images of the proximal forearm demonstrates a heteroge-
neous T1 isointense and T2 FS hyperintense circum-
scribed mass (arrows) in the anterior proximal forearm

(a) Internal mineralization: Signal void on
T1 sequence and heterogeneous hypoin-
tense signal on fluid-sensitive sequences.

(b) Low grade vs high grade: Entrapped fat
within the lesion suggests low grade. Soft
tissue extension suggests high grade [51].

2. Endosteal scalloping, reactive cortical
changes, and extraosseous extension are all
clearly observed.

3. Perilesional marrow edema is uncommon.

Synovial Cell Sarcoma

Synovial cell sarcoma is a malignant soft tissue
tumor which represents 3—14% of all malignant
soft tissue neoplasms [52]. It is more common in
males and usually occurs in young adults [52].
The popliteal fossa is the most common location
for synovial sarcoma. Approximately 20% occur
at or distal to the elbow, usually on the flexor sur-
face of the forearm [52].

Clinically, patients with synovial cell sarcoma
typically present with a palpable mass, pain, or
tenderness [52]. Dystrophic calcifications are
seen in 30% of tumors [53]. MR imaging is the

with multiple internal calcifications (arrow head) and cys-
tic changes consistent with the “triple sign.” (c¢) Sagittal
post-contrast T1-weighted image shows heterogeneous
mass enhancement (arrow)

best modality to evaluate the tumor and its local
extension. Findings seen on MR imaging include
(Fig. 4.14):

1. Large soft tissue mass: Heterogeneous isoin-
tense signal on T1 sequence, heterogeneous
hyperintense  signal on  fluid-sensitive
sequences, diffuse or heterogeneous enhance-
ment on post-contrast imaging

2. “Triple sign”: Combination of necrosis and
cystic degeneration (hyperintense), viable
tumor (less hyperintense), and fibrotic bands
and calcification (hypointense)

3. “Bowls of grapes”: Multiloculated appear-
ance of the mass

4. Fluid-fluid level on fluid-sensitive sequences

Inflammatory and Infectious
Olecranon Bursitis

Olecranon bursitis is the most common superfi-
cial bursitis. Inflammation of the olecranon bursa
results in a distended fluid-filled bursa in the sub-
cutaneous soft tissues posterior to the olecranon
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Fig. 4.15 A 47-year-old male with olecranon bursitis.
Axial T1-weighted MR image (a) and T2 FS-weighted
MR image (b) show moderate amount of T1 hypointense

process [54]. Causes include overuse, repetitive
trauma, inflammatory arthropathies like rheuma-
toid arthritis and gout, as well as prolonged sus-
tained pressure against the elbow such as uremic
patients undergoing dialysis [55].

Patients with olecranon bursitis usually pres-
ent with posterior elbow pain and swelling with-
out tenderness or redness [54]. Olecranon bursitis
is a clinical diagnosis [55]. However, if radio-
graphs are obtained, soft tissue swelling
superficial to the olecranon is seen. MR imaging
is reserved to evaluate for superimposed infec-
tion if clinically suspected [9].

Findings of olecranon bursitis on MR imaging
are (Fig. 4.15):

1. Bursal fluid collection: Hypointense on T1
sequence, hyperintense on fluid-sensitive
sequences, rim enhancement on post-con-
trast imaging. More complex fluid may be
present with hemorrhage, infection, or gout.

2. Subcutaneous edema may be seen.

3. Joint effusion. Hyperintense on fluid-sensi-
tive sequences and hypointense on TI1
sequence.

and T2 FS hyperintense olecranon bursal fluid collection
(arrow). Mild subcutaneous edema is noted on axial T2 FS
MR image (arrow head)

Bicipitoradial Bursitis

Bicipitoradial bursitis is inflammation of the
bicipitoradial bursa whose main role is to reduce
friction between the biceps tendon and the radial
tuberosity [56]. It is most commonly caused by
chronic mechanical friction, low-grade infections
such as tuberculosis, and inflammatory arthropa-
thies such as rheumatoid arthritis [56].
Clinically, patients present with a mass or
swelling at the antecubital fossa associated with
pain and limited range of motion [57]. Most radio-
graphs will show no abnormality in most cases
[57]. Hence, the role of MR imaging in evaluation
of bicipitoradial bursitis would reveal (Fig. 4.16):

1. Bicipitoradial bursa which is only visualized
when distended either with fluid or synovial
proliferation [57]: hypointense on T1 sequence,
hyperintense on fluid-sensitive sequences, and
rim enhancement on post-contrast imaging

2. Associated bicipital insertional tendinosis and
tear

3. Bone marrow edema or erosion at the radial
tuberosity
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Fig.4.16 A 42-year-old female with bicipitoradial bursi-
tis. Axial (a) and sagittal (b) PD FS-weighted MR images
show moderate amount of fluid within the bicipitoradial

Septic Arthritis

Septic arthritis or infectious arthritis is an intra-
articular infection which may lead to joint
destruction. This common disease is mainly
caused by the bacteria Staphylococcus aureus
[9]. The elbow is involved in 6-9% of the cases
[58].

Patients are usually immunocompromised
or have a predisposing condition such as rheu-
matoid arthritis, diabetes, corticosteroid treat-
ment, or intravenous drug abuse [9]. They
usually present with pain, swelling, and
decreased range of motion [9]. Early diagnosis
of septic arthritis is crucial, because delay may
result in increased morbidity and complica-
tions such as cartilage destruction and osteo-
myelitis [59].

On radiographs, the dominant finding of sep-
tic arthritis is a joint effusion. If left untreated,
joint space narrowing and bone destruction may
be seen. As for MR imaging, its main advantage
is to evaluate for complications of septic arthritis
such as osteomyelitis and soft tissue abscesses
[9]. Findings of septic arthritis on MR imaging
include (Fig. 4.17):

bursa (arrow). Insertional biceps tendinosis is seen on
axial PD FS-weighted MR image (arrow head)

1. Joint effusion: hyperintense on fluid-sensitive
sequences, hypointense on T1 sequence,
shaggy rim enhancement on post-contrast
imaging.

2. Synovitis is demonstrated by thickened
synovium which appears T2 hyperintense and
avidly enhancing on post-contrast imaging.

3. Cartilage destruction: irregular appearance of the
cartilage with subchondral bone marrow edema.

4. Bone erosions.

Cat-Scratch Disease

Cat-scratch disease is a self-limited benign dis-
ease caused by Bartonella henselae, most com-
monly, as a result of a cat scratch [9]. In its most
common form, it presents as epitrochlear lymph-
adenopathy in individuals between the ages of 5
and 21 years [60].

Patients initially present with a small skin
lesion. After approximately 2 weeks, they start
complaining of edema and tenderness related to
regional lymphadenopathy [9]. Constitutional
symptoms such as fever, anorexia, and myalgias
are also common [60].
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Fig.4.17 A 63-year-old male with elbow septic arthritis.
Sagittal PD FS-weighted (a), T1-weighted (b), and T1 FS
post-contrast (¢) MR images show a large PD FS hyperin-

tense T'1 hyperintense joint effusion with marked enhance-
ment. Bone erosion involving the olecranon process is
noted (arrow head)

Fig. 4.18 An 18-year-old female with cat-scratch dis-
ease. Axial T1 FS post-contrast (a), axial STIR (b), and
sagittal T1-weighted (¢) MR images demonstrate findings
consistent with epitrochlear lymphadenitis: There is an

Cat-scratch disease is a clinical diagnosis,
making the role of imaging futile [60]. However,
if radiographs are obtained, nonspecific soft tis-
sue swelling corresponding to lymphadenopathy
may be seen. On MR imaging, the classic find-
ings of cat-scratch disease include (Fig. 4.18):

ovoid STIR hyperintense (a) and T1 isointense (¢) enhanc-
ing (a) mass along the volar-medial aspect of the distal
humeral metadiaphysis

1. Enlarged epitrochlear/axillary lymph nodes
with nonspecific nodular appearance: hyper-
intense on fluid-sensitive sequences, enhance
on post-contrast imaging

2. Surrounding soft tissue edema
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Congenital
Congenital Radial Head Dislocation

Congenital radial head dislocation is the most
common congenital anomaly of the elbow; how-
ever, it is rare [61]. This presents as a posterior
dislocation that can either be unilateral or more
commonly bilateral [62]. It can occur in isolation
or in association with a syndrome, gene muta-
tion, or positive family history [62].

Clinical manifestations of congenital radial
head dislocation are usually delayed and only
present in late childhood when the patients pres-
ent with limited range of motion, elbow pain, or
deformity [61, 62]. Imaging workup initially
includes radiographs and later possibly MR
imaging. A set of diagnostic criteria has been
proposed by McFarland that favors congenital

Fig.4.19 An 8-year-old
male with congenital
radial head dislocation.
T1-weighted sagittal (a)
and coronal (b) MR
images show a
posteriorly dislocated
(arrow) dome-shaped
radial head with
elongated neck (circle)

head dislocation over posttraumatic ones. These
findings can be seen on radiographs or MR imag-
ing and include (Fig. 4.19) [62]:

1. Absent or hypoplastic capitellum

2. Prominent ulnar epicondyle

3. Dome-shaped radial head with elongated neck

4. Short ulna when compared to the radius (neg-
ative ulnar variance)

Congenital Radioulnar Synostosis

Congenital radioulnar synostosis is a rare malforma-
tion of the upper extremity that can be seen in asso-
ciation with syndromes and skeletal dysplasias but is
also seen sporadically as an isolated finding [63].
This results from a failure of prenatal segmentation
of the forearm bones and most commonly occurs at
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Fig. 4.20 A 6-year-old female with congenital radioulnar synostosis. T1-weighted coronal (a) and sagittal (b) MR
images demonstrate fusion of the proximal radius and ulna (arrow)

the proximal portion of the forearm [64]. It is
reported to be bilateral in 60-80% of patients [65].

Patients may be asymptomatic, present with cos-
metic deformities, or have limited ability to pronate
and supinate their forearms [64, 65]. Radiographs
and advanced imaging will show (Fig. 4.20):

1. Fusion of the proximal radius to the ulna
2. Anterior bowing of the radius

Supracondylar Spur

Supracondylar spur is a congenital anatomic
variant consisting of a beak-like bony projection
arising from the anteromedial surface of the
humerus, about 5 cm above the medial epicon-
dyle [66, 67]. It is usually associated with the
ligament of Struthers which is a fibrous structure

that connects the spur to the medial epicondyle
[67]. Supracondylar spurs occur in 0.4-2.7% of
the population [67].

Patients are usually asymptomatic but may
present with symptoms related to compression of
the median nerve or brachial artery such as pares-
thesia, weakness, muscle atrophy, and ischemic
pain. These compression symptoms are exacer-
bated with extension and pronation of the fore-
arm [66, 68]. Typically, supracondylar spurs are
incidentally discovered on radiographs [67].
They appear as bony projections arising from the
anteromedial aspect of the humerus and pointing
toward the elbow joint [67] (Fig. 4.21). Additional
workup with MR imaging is useful to detect the
ligament of Struthers and its anatomic relation-
ship to the median nerve and brachial artery [68].
MR imaging is also helpful in detecting occult
fracture of the spur.
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Fig. 4.21 An 11-year-old female with a supracondylar
spur. Axial T1-weighted MR image (a) and AP plain
radiograph of the elbow (b) show a supracondylar spur
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Wrist: Importance and

Biomechanics

Bethany U. Casagranda

Wrist

One really beautiful wrist motion, that is synchro-
nized with your head and heart, and you have it. It
looks as if it were born in a minute. Artist: Helen
Frankenthaler

Importance and Biomechanics

Wrist mobility not only allows for performance of
activities of daily living (ADLs) but also affects
our ability to strengthen more proximal muscle
groups providing overall stability and proper
range of motion of the upper extremity [1].

The wrist is comprised of the distal ends of the
radius and ulna, two rows of carpal bones, and the
proximal bases of the metacarpal bones. The radio-
carpal joint is a synovial joint, condyloid type, and
serves as a transition point between the forearm
and hand. Facets on the radius allow for true articu-
lations with the scaphoid and lunate. Although the
distal radius and ulna are often regarded to as part
of the wrist, it is of important note that the ulna
does not articulate with the carpus, but articulates
with the sigmoid notch of the radius forming the
distal radioulnar joint (DRUJ) [2].
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The articulation between the proximal and dis-
tal row is defined as the midcarpal joint. When
comparing proximal and distal carpal rows, they
possess different kinetic behavior. The proximal
carpal row is without true tendon insertions creat-
ing an intercalated segment with motion being
completely dependent on mechanical forces of the
surrounding articulations. The distal carpal row
has strong intercarpal ligaments and rigid liga-
mentous attachments to the metacarpal bases ren-
dering their motion negligible. For this reason, the
distal carpal row functions as a part of the fixed
hand unit responding to the forces produced from
the myotendinous structures of the forearm [3, 4].

Ligaments, classified as extrinsic or intrinsic,
help stabilize the wrist and its many articulations.
Extrinsic ligaments span from the osseous struc-
tures of the distal forearm, retinacula, tendon
sheaths, or capsule to the carpal bones [5]. These
extrinsic ligaments stabilize the radiocarpal joint
with the volar ligaments providing the greatest
restraint to excessive motion and contributing to
joint stability but allowing coordinated hand and
forearm movement during supination [2]. Intrinsic
ligaments connect adjacent carpal bones to each
other with the scapholunate and lunotriquetral
ligaments proving to be most clinically relevant in
addition to the triangular fibrocartilage complex
which stabilizes the ulnar side of the wrist [2, 5].

Wrist motion is created by three movements
of freedom: flexion-extension, radial-ulnar devia-
tion, and supination-pronation. Normal range of

109

B. U. Casagranda (ed.), MRI of the Upper Extremity, https://doi.org/10.1007/978-3-030-81612-4_5

5


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-81612-4_5&domain=pdf
https://doi.org/10.1007/978-3-030-81612-4_5#DOI
mailto:bethany.casagranda@ahn.org

110

B. U. Casagranda

Table 5.1 Normal range of motion for the wrist

Flexion 73°
Extension 71°
Radial deviation 19°
Ulnar deviation 33°
Supination 140°
Pronation 60°

motion has been traditionally studied with uni-
versal goniometer and optical motion tracking
[6]. Recent studies have reproduced this data uti-
lizing the iPhone gyroscope application [7].
Whether utilizing traditional or advanced techno-
logical methods to determine range of motion,
testing should be performed with the wrist in near
neutral position to allow maximal motion [6].
Normal range of motion for the wrist can be
found in Table 5.1 [7, 8].

Biomechanical studies in both men and
women have determined the ideal range of
motion required to perform common ADLs.
Evaluated tasks were achieved with 60° of
extension, 54° of flexion, 40° of ulnar deviation,
and 17° of radial deviation. Therefore, the
majority of ADLs could be accomplished with 70
percent of the maximal range of wrist motion [9].

Radial and ulnar deviation occurs around the
anteroposterior axis through the capitate bone.
Movements through the transverse axis, again
through the capitate bone, create the motions of
flexion and extension. Palmar flexion is the most
powerful of movements because the flexor mus-
cle groups are considerably stronger than the
extensors [10]. Supination and pronation are pro-
duced from the rotatory actions of the DRUJ, and
therefore, the distal aspects of the radius and ulna
are normally regarded as part of the wrist [11].

Simply stated, wrist motion occurs in three
planes, but in reality, the movement is more com-
plex with coupling of flexion-extension and
radial-ulnar deviation [12]. This movement
around the oblique axis has been described as the
dart-throwing motion (DTM) of the wrist in
orthopedic literature [6] (Fig. 5.1). DTM occurs
primarily at the midcarpal joint with less contri-
bution from the radiocarpal joint. More impor-
tantly, DTM is found to be the most frequently
used motion in ADLs [13, 14] Therefore, midcar-
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Fig.5.1 Dart-throwing motion of the wrist

pal joint function and understanding of this cou-
pling motion are critical in caring for patients
with injuries that may affect their ability to
engage in life’s activities [15].
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Asako Yamamoto, Brady K. Huang,
and Christine B. Chung

Osseous Anatomy of the Wrist

The wrist joint includes the osseous structures of
the distal radius and ulna, carpal bones, and meta-
carpal bases (Fig. 6.1). The carpal bones form the
proximal (scaphoid, lunate, triquetrum) and distal
(trapezium, trapezoid, capitate, hamate) carpal
rows that are stabilized by intrinsic and extrinsic
ligaments to act as a single intercalated segment.
The radiocarpal articulation is formed by the distal
surface of the radius with the triangular fibrocarti-
lage serving as a soft tissue articular surface exten-
sion distal to the ulna. The articular surface of the
radius has two shallow fossae that accommodate
the scaphoid and lunate. At the dorsum of the dis-
tal radius, an osseous prominence is present that
serves as an anatomic landmark for the extensor
tendons. This is referred to as Lister’s tubercle.
The midcarpal joint lies between the proximal and
distal carpal rows. The articular surfaces of the
carpal bones are normally aligned into three arcs
(Gilula’s arcs) [1]. The proximal (arc I) and distal
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(arc IT) articular surfaces of the proximal row and
the opposing joint surface formed by the convexity
of the distal row (arc III) comprise the three arcs.
Those opposing articular surfaces should be paral-
lel to one another with symmetrical joint spaces
[2]. The pisiform is generally considered a sesa-
moid and not officially housed in either carpal row
[3]. Interruption of a uniformly parallel configura-
tion of the joint spaces or a step-off at the articular
surface is secondary findings that suggest insuffi-
ciency of stabilizing ligamentous structures. When
the “ring” of the intercalated segment is broken,
the carpal alignment may be affected. Two com-
mon anatomical variants can mimic carpal arc
step-offs: (1) triquetrum shorter in its proximal-
distal dimension than the adjacent lunate
(Fig. 6.2a) and (2) proximally prominent hamate
articulating with lunate (type II lunate) (Fig. 6.2b).
The former variation results in lunotriquetral step-
off, whereas the latter affects the third carpal arc.
The prevalence of the type 2 lunate was demon-
strated to be 50-57% in radiologic studies and up
to 73% in cadaveric studies [4—6]. The mean size
of the facet was reported as 4.5 mm (range,
2-6 mm) in type II lunate on coronal view [5].
The normal longitudinal axes through the
third metacarpal, capitate, lunate, and radius
should superimpose, with 0 to 30° (the capitolu-
nate angle) on lateral radiographs [6] (Fig. 6.3a,
b). Also, the angle formed between the long axis
of the lunate and the scaphoid ranges between 30
and 60° normally (the scapholunate angle). Those
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parameters are essential for the evaluation of
volar intercalated segmental instability (VISI) or
dorsal intercalated segment instability (DISI)
(Fig. 6.3c—f). Although recognition of a DISI or
VISI configuration on MR images can be useful

Fig. 6.1 Coronal T1-weighted image of the wrist shows
anatomy of carpal bones with lines of Gilula’s arc.
Abbreviations: Tm Trapezium, Td Trapezoid, C Capitate,
H Hamate, S Scaphoid, L Lunate, T Triquetrum, R Radius,
U Ulna

in the assessment of carpal bone alignment, cor-
relation with radiographs is indispensable [7].
The axis of each bone is assessed in the following
way: a line parallel to the center of the radial
shaft, a line through the midpoints of the lunate
proximal and distal articular surfaces, a line
through the centers of the capitate head and its
distal articular surface, and a line through the
midpoints of the scaphoid proximal and distal
poles.

To evaluate the anatomical profile of the distal
radius, there are three common ways of measure-
ment based on radiographs: radial inclination,
radial length, and volar tilt. Radial inclination is
measured as the angle between a line drawn from
the tip of the radial styloid to the ulnar head artic-
ular surface and a second line perpendicular to
the longitudinal axis of the radius (Fig. 6.4a). It
ranges from 13 to 30° (average 23 degrees) [8, 9].
Radial length can also be measured on PA radio-
graphs or MRI on the coronal plane, normally
ranging from 11 to 22 mm (average 12 mm)
(Fig. 6.4a). The volar tilt of the radius is mea-
sured on the sagittal plane as the angle between a
line drawn tangentially across the most distal

Fig. 6.2 Two common normal variants that mimic carpal
arch step-off: (a) Short triquetrum. Proximal-distal
dimension of triquetrum is shorter than adjacent lunate
(L), creating lunotriquetral step-off (arrow) of first carpal
arc. Note the proximal configuration of the hamate (H),

type I lunate (single distal articular facet for capitate). (b)
Type II lunate. An additional distal articular facet medi-
ally for hamate, affecting the third carpal arc continuity
(arrow)
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Fig. 6.3 Normal lateral radiograph of the hand with capi-
tolunate angle <30°(a) and scapholunate angle between 30
and 60°(b). Lateral radiograph with VISI shows capitolu-

points of the radial articular surface and a line
perpendicular to the midshaft of the radius.
Normally this angle ranges from 11° of volar tilt
to 4° of dorsal tilt [8] (Fig. 6.4d).

Ulnar variance is the difference in length
between the distal radius and ulna. This variance is
relevant to the force distribution across the wrist
[10]. Ulnar variance is characterized by the differ-
ences in apparent lengths of the distal ulna and
radius. Ulnar variance is defined as neutral, positive,

nate angle >30°(c) and scapholunate angle <30°(d).
Lateral radiograph with DISI shows capitolunate angle
>30°(e) and scapholunate angle >60°(f)

or negative on the basis of whether the distal articu-
lar surface of the ulna is aligned with the distal
articular surface of the radius on a neutral postero-
anterior imaging (Fig. 6.4a—) [11]. The ulna is
shorter than the radius in negative ulnar variance
and longer in positive ulnar variance. Positive vari-
ance is defined when the level of the ulna is >2.5 mm
beyond the distal articular surface of the radius at
the distal radioulnar joint (DRUJ). Negative vari-
ance is when the ulnar articular surface is >2.5 mm
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Fig. 6.4 Measurements of the distal radius: RI radial
inclination, RL radial length. Ulnar variance is neutral. (a)
Ulnar variance on coronal T1-weighted images. Positive

proximal to the distal articular surface of the radius
at the DRUJ [12]. Normally, the radius and ulna are
neutral (same length), or there is mild negative ulnar
variance. Positive ulnar variance is known to play a
key role in ulnar impaction syndrome [12, 13].
Negative ulnar variance has a historic association
with Kienbock’s disease, but this has been debated
in recent orthopedic literature [14, 15].

The DRUI is formed by the articulation of the
sigmoid notch of the radius and ulnar head. This
joint is stabilized by the soft tissue and ligamen-
tous components of the triangular fibrocartilage
complex (TFCC). It is intimately associated with
the sixth extensor compartment, housing the
extensor carpi ulnaris.

ulnar (b). Negative ulnar variance (c¢). Dotted lines: distal
articular surface of the radius. Normal volar tilt on coronal
T1-weighted image (d)

Guyon'’s Canal

The ulnar nerve passes through a semirigid longi-
tudinal tunnel known as Guyon’s canal or the
ulnar tunnel at the palmar aspect of the wrist. It is
located superficial to the ulnar aspect of the car-
pal tunnel and extends from the palmar carpal
ligament at the proximal edge of the pisiform to
the origin of the hypothenar muscles at the level
of the hamulus, approximately 4 cm in distance
(Fig. 6.5) [16]. The ulnar nerve, artery, and, occa-
sionally, communicating veins pass through
Guyon’s canal with accompanying fat tissue. The
boundaries are formed by the palmar carpal liga-
ment at the volar aspect, pisiform at the ulnar
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Fig. 6.5 Normal anatomy of Guyon’s canal. Axial proton
density-weighted MR images of the wrist show anatomy
of Guyon’s canal in the proximal (a), middle-distal (b),
and distal portion (c). Abbreviations: ADM Abductor
digiti minimi muscle, DUNA Deep ulnar nerve and artery,
FA Fibrous arch of flexor digiti minimi brevis muscle ori-
gin, FCU Flexor carpi ulnaris tendon, FR Flexor retinacu-

aspect, and flexor retinaculum of the carpal tun-
nel at the radial and deep aspect [10]. The ulnar
nerve lies between the pisiform bone and the
ulnar veins and artery. The transverse carpal liga-
ment, or middle portion of the flexor retinaculum,
forms the floor of Guyon’s canal as well as the
roof of the carpal tunnel; thus, the volumetric
changes in one canal can affect the other [17, 18].
The flexor carpi ulnaris (FCU) tendon lies at the
ulnar aspect of the ulnar nerve and artery in the

lum or transverse carpal ligament, H Hamate, P Pisiform,
C Capitate, T Triquetrum, Td Trapezoid, MC Metacarpal
bone, PB Palmaris brevis muscle, PCL Palmar carpal liga-
ment, SUA Superficial ulnar artery, SUN Superficial ulnar
nerve, TM Thenar muscles, UA Ulnar artery, UN Ulnar
nerve, V Vein

forearm and inserts on the pisiform. It partially
blends with the palmar carpal ligament and forms
the volar boundary of Guyon’s canal (Fig. 6.5a)
[10].

In the mid-level of Guyon’s canal, between
the pisiform and hook of hamate, the shape may
be triangular or oval (Fig. 6.5b). The boundaries
are formed at the volar aspect by the palmar car-
pal ligament, at the deep aspect by the pisoham-
ate ligament, at the ulnar aspect by the abductor
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digiti minimi muscle, and at the radial aspect by
the flexor retinaculum of the carpal tunnel [19].
Here, the ulnar nerve and artery bifurcate into
deep and superficial branches.

At the distal portion of Guyon’s canal, the
boundaries are formed by the palmaris brevis
muscle at the volar and radial aspect, the abduc-
tor digiti minimi muscle at the ulnar aspect, and
the flexor retinaculum and the hook of hamate
dorsally (Fig. 6.5¢) [10]. The superficial and deep
canals containing the ulnar neurovascular bun-
dles are separated by the fibrous arch of the flexor
digiti minimi brevis muscle origin. The deep
canal contains the deep motor nerve and artery,
whereas the superficial canal contains the super-
ficial sensory nerve and artery [19]. Just distal to
the outlet of Guyon’s canal, the superficial ulnar
artery and the sensory nerve pass volar to the
hook of hamate without protective tissues and are
vulnerable to mechanical stress or trauma [20].

Carpal Tunnel

The carpal tunnel is a fibro-osseous tunnel on the
palmar side of the wrist. It is bounded by the
eight carpal bones and a tough fibrous roof called
the transverse carpal ligament (TCL). The carpal
tunnel contains eight digital flexor tendons (two
for each of the second through fifth rays), flexor
pollicis longus (FPL) the radial and ulnar bursae,
with the median nerve (Fig. 6.6) [21]. Its dorsal
and lateral borders are formed by the scaphoid,
triquetrum, lunate, and pisiform proximally and
the trapezium, trapezoid, capitate, and hamate
distally. This osseous configuration forms a
tunnel-like groove called the sulcus carpi. The
flexor retinaculum forms its palmar boundary
and extends from the tuberosities of the scaphoid
and the trapezium to the pisiform and the hook of
the hamate [22]. In general, the width of the car-
pal tunnel is narrowest at the level of the hamate
hook, located 1 cm beyond the middle of the dis-
tal row of the carpal bones about 20 mm [21].
The mean width of the tunnel is 25 mm at its
proximal end and 26 mm at its distal border [23].
Variations in the hook of the hamate (hypoplas-
tic, aplastic, or bipartite) in addition to variations

Fig. 6.6 Normal anatomy of carpal tunnel on proton
density-weighted axial image. Abbreviations: FCR Flexor
carpi radialis, FDP Flexor digitorum profundus, FDS
Flexor digitorum superficialis, FPL Flexor pollicis longus,
FR Flexor retinaculum, MN Medial nerve, S Scaphoid, C
Capitate, H Hamate, T Triquetrum, P Pisiform

in the attachment of the TCL could result in
changes in carpal tunnel volume (Fig. 6.7a, b).
The flexor retinaculum is differentiated in
three segments: (1) a proximal thin segment
called the palmar carpal ligament, (2) the middle
tough segment called the TCL, and (3) the distal
segment that consists of a thick aponeurosis
between the thenar and hypothenar muscles,
passing deep to the flexor carpi ulnaris and flexor
carpi radialis. The TCL is a thick (2—4 mm) and
strong fibrous band. It is attached to the pisiform
bone and hook of the hamate medially. Laterally,
it splits into two laminae, superficial and deep.
The superficial lamina is attached to the tubercle
of the scaphoid and trapezium. The deep lamina
is attached to the groove on the trapezium. Those
two laminae and the osseous groove form a tun-
nel for flexor carpi radialis (FRC) with its syno-
vial sheath [21]. The volar aspect of the sulcus
carpi is covered by the extrinsic ligaments,
including the palmar lunotriquetral and palmar
scaphotriquetral ligaments proximally and the
capitate-scaphoid and capitate-trapezium liga-
ments distally. Usually, a small but variable
amount of fatty tissue lies just volar to the
capitate-trapezium ligament (Parona’s fat pad).
The median nerve is the most volar structure
in the carpal tunnel, located just deep to the flexor
retinaculum and volar to the flexor digitorum
superficialis (FDS) tendons. It is covered by a
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Fig. 6.7 Normal (a) and hypoplastic (b) hook of hamate on axial T1-weighted images. Note the area of distal carpal

tunnel is decreased in (b)

layer of cellulo-adipose tissue and adheres to the
adjacent ulnar bursa [24]. It changes in position
relative to the adjacent tendons on flexion or
extension. In extension, the median nerve is usu-
ally located anterior to the index finger FDS ten-
don attached to the flexor retinaculum. In
contradistinction, in the flexed position, the
median nerve moves dorsally between the FDS
of the second finger and flexor pollicis longus
tendon. A palmar cutaneous branch arises from
median nerve just proximal to the carpal tunnel.
Distal to the carpal tunnel, the median nerve
divides into medial and lateral branches. The
medial branch terminates as two common palmar
digital nerves supplying motor innervation to the
second lumbrical and sensory innervation to the
palm and fingers [25]. The lateral branch gives
rise to the proper palmar digital nerves supplying
motor innervation to the first lumbrical, sensory
innervation to the lateral side of the hand and the
thenar motor branch (TMB). The TMB, also
referred to as the recurrent motor branch, sup-
plies the abductor pollicis brevis and opponens
pollicis muscles, the caput superficiale of the
flexor pollicis brevis muscle, and the two radial
lumbrical muscles.

Variations of the median nerve are common in
the general population including the following
four types: type 1 is a single TMB, type 2 has
accessory branches of the median nerve at the
distal carpal tunnel, type 3 has a high division of

the median nerve, and type 4 has the median
nerve and its accessory branches proximal to the
carpal tunnel [26]. The prevalence of the type 3
variation, a high division of the median nerve
resulting in a bifid median nerve, was reported to
have a prevalence of 2.6% in a meta-analysis
study [27]. In a study performed on 246 carpal
tunnel release operations, five of seven patients
with the bifid median nerve had an associated
persistent median artery [28]. When the median
artery persists, it is located on the ulnar aspect of
the normal median nerve or between the bifid
median nerve components, enveloped by a com-
mon perineurium [29]. The presence of hypertro-
phic muscle within the TCL was reported with a
prevalence of 18.2% of hands, with higher preva-
lence of the TMB variants compared to those
without it (23.4% vs 1.7%) [27]. Thus, it is
important to recognize a bifid median nerve, per-
sistent median artery, or hypertrophic muscle
within the TCL with MRI or US preoperatively.
The four flexor digitorum profundus (FDP) and
four FDS tendons arise from muscle bellies proxi-
mal to the carpal tunnel. They lie within the ulnar
bursa, a sac-like structure lined with a synovial
membrane, and are separated from the flexor pol-
licis longus tendon that resides within the radial
bursa [22]. The ulnar bursa extends around the
flexor tendons at the level of the carpal tunnel and
is composed of three horizontally oriented invagi-
nations of the synovial membrane: (1) a superficial
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Fig. 6.8 Schematic drawing of the carpal tunnel.
Abbreviations: FCR Flexor carpi radialis, FDP Flexor
digitorum profundus, FDS Flexor digitorum superficialis,
FPL Flexor pollicis longus, FR Flexor retinaculum, MN
Medial nerve, RB Radial bursa, UB Ulnar bursa, S
Scaphoid, C Capitate, H Hamate, T Triquetrum, P
Pisiform

layer situated between the TCL of the flexor reti-
naculum and the FDS tendons, (2) a middle layer
between the FDS tendons and the FDP tendons,
and (3) a deep layer situated behind the FDP ten-
dons (Fig. 6.8) [30]. Various patterns of communi-
cation between the radial and ulnar bursae, as well
as between the bursae and individual tendon
sheaths, have been reported. The connection
between the ulnar and radial bursae and between
the ulnar bursa and flexor digitorum tendon sheath
of the fifth digit tendon is typical, with the lack of
continuity of the second to fourth flexor tendon
sheaths [31]. These communications are of clinical
importance in explaining the spread of inflamma-
tion, infection, or neoplastic processes.

Extensor Tendons and Extensor
Retinaculum

The extensor tendons of the wrist are divided into
six compartments along its dorsal aspect. These
include the first compartment with the abductor
pollicis longus (APL) and extensor pollicis brevis
(EPB), the second compartment with the extensor
carpi radialis longus (ECRL) and extensor carpi
radialis brevis (ECRB), the third compartment
with the extensor pollicis longus (EPL), the fourth
compartment with the extensor digitorum and
extensor indicis, the fifth compartment with the
extensor digiti minimi, and the sixth compartment

Fig. 6.9 Extensor compartment anatomy. Axial T2%*-
weighted MR image through the level of the distal radio-
ulnar joint showing the six extensor compartments.
Arrows show the infratendinous flexor retinaculum. Note
the fifth compartment for the extensor digiti minimi ten-
don (EDM) is purely fibrous

with the extensor carpi ulnaris (ECU). The exten-
sor retinaculum (ER) is a thickening of the distal
antebrachial fascia at the level of the inferior
radioulnar joint that involves the extensor tendons
over the radial, dorsal, and ulnar aspects of the
wrist [32]. It consists of two layers, supratendi-
nous and infratendinous (Fig. 6.9) (Table 6.1) [33].

On the radial side of the wrist, the ER attaches
at the volar-radial border above the styloid pro-
cess (Fig. 6.10(I)) blending with the antebrachial
fascia, the palmar carpal ligament, and occasion-
ally the fascia overlying the thenar compartment
[32]. The ER lies over the tendons to insert into
the dorsoradial bony protuberance on the distal
radius (Fig. 6.10(II)). Superficial to the first
extensor compartment, slips of the ER can form
septa that extend between and separate the APL
and EPB or even separate individual tendon slips
of the APL. The prevalence of supranumerary
tendon slips ranged from 74% to 77% for the
APL and 2% to 27% for the EPB in cadavers
[34-37]. Consistently higher prevalence of super-
numerary tendon slips and septation has been
reported in patients with De Quervain tenosyno-
vitis. Chang et al. reported multiple tendon slips
were also common on MRI, with a prevalence of
74-79% in a control group compared to 91% in a
De Quervain tenosynovitis group [38]. In a previ-
ous study on CT, the osseous ridge at the floor of
the first extensor compartment was found in
23.8% among the general population, with a sta-
tistically significant increase in females (19.8%
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Table 6.1 Extensor tendons

First compartment (1): Abductor pollicis longus (APL)
and extensor pollicis brevis (EPB) tendon

Second compartment (2): Extensor carpi radialis
longus and brevis tendons (ECRL, ECRB)

Third compartment (3): Extensor pollicis longus
(EPL) tendon

Forth compartment (4): Extensor digitorum (ED) and
extensor indicis (EI) tendon

Fifth compartment (5): Extensor digiti minimi (EDM)
tendon

Sixth compartment (6): Extensor carpi ulnaris (ECU)
tendon

Fig.6.10 Attachment sites of the extensor retinaculum to
the radius on T2*-weighted axial image. Note the osseous
protuberance beneath the first extensor compartment
(arrow). (I) The volar-radial border above the styloid pro-
cess, (II) the dorsoradial bony protuberance on the distal
radius, (IIT) Lister’s tubercle of the radius, (IV) the osse-
ous prominence on the radius, (I-II) the first compartment
containing abductor pollicis longus tendon (APL) and
extensor pollicis brevis tendon (EPB), (II-1II) the second
compartment containing extensor carpi radialis longus
and brevis tendons (ECRL, ECRB), (III-1V) the third
compartment containing extensor pollicis longus tendon
(EPL)

in males, 33.3% in females) [39]. An ultrasound
anatomical study showed the association between
the osseous ridge and the presence of the septa-
tion in the first extensor compartment; therefore,
it can be an indirect sign of compartmentalization
[40]. The bony ridge is observed also on MRI
when the slice thickness is appropriate (Fig. 6.10).

The second extensor compartment is formed
by the ER located between the dorsoradial bony
protuberance (Fig. 6.10(II)) and Lister’s tubercle
of the radius (Fig. 6.10(IIL)). As previously noted,
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Fig. 6.11 Anatomic diagram shows the distal (black cir-
cle) and proximal (white circle) intersections of the exten-
sor tendons. (1) Red, abductor pollicis longus; (2) pink,
extensor pollicis brevis; (3) blue, extensor pollicis longus;
(4) green, extensor carpi radialis longus; (5) yellow,
extensor carpi radialis brevis tendon

this compartment contains the ECRB and ECRL
tendons. The insertion of the ER into Lister’s
tubercle is broad and extends along the entire
expanse of the tubercle [32]. Lister’s tubercle is
an important osseous landmark to separate the
second and third extensor compartments. The
tendons of the first and second compartments
cross each other 4-8 cm proximal to Lister’s
tubercle (Fig. 6.11) [41]. This intersection creates
a vulnerability due to repetitive friction with
supination and pronation, flexion, and extension
[42]. Routine wrist MRI protocols may not
extend proximally to offer full characterization of
this region, emphasizing the importance of a
detailed clinical history.
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The ER crosses the EPL of the third extensor
compartment with an attachment from Lister’s
tubercle (Fig. 6.10(I1)) to the osseous promi-
nence on the radius (Fig. 6.10(1V)) [43]. The
EPL, ECRB, and ECRL tendons intersect distal
to Lister’s tubercle with communication of their
tendon sheaths at the point of intersection
(Fig. 6.11). Lister’s tubercle acts as a pulley and
therefore creates a vulnerability of the tendons in
the setting of intersection syndrome [44].

The supratendinous portion of the ER crosses
over the extensor digitorum and extensor indicis
to form the fourth and fifth extensor compart-
ments. The ER attaches to an osseous promi-
nence at the dorsoulnar aspect of the radius [32].
The infratendinous portion of the ER is well
described on images at the level of the fourth and
fifth compartments. The supratendinous and
infratendinous portions of the ER coalesce to
separate the fourth and fifth extensor compart-
ments [43]. The two portions of the retinaculum
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continue to surround the extensor digiti minimi
tendon and form a purely fibrous fifth
compartment.

The ECU tendon of the sixth extensor com-
partment lies within the subsheath along a groove
at the dorsolateral aspect of the ulna. The two
portions of the retinaculum meet to form the
radial-sided attachment of this compartment
[43]. The supratendinous portion of the ER
extends over the ECU tendon blending fibers
with the volar antebrachial fascia. Ulnarward, it
inserts into the sheath of the flexor carpi ulnaris
tendon, the pisiform, the pisometacarpal liga-
ment, and the base of the fifth metacarpal [29].
The supratendinous and the infratendinous por-
tions provide blending fibers with the subsheath
of the ECU [32]. The ECU tendon centers in its
groove in pronation and neutral position
(Fig. 6.12) [45]. In supination, the tendon sub-
luxes, and the extensor retinaculum is stretched.
The “linea jugata” is the longitudinal fibrous

Fig.6.12 Location of the ECU tendon (arrow) with supination (a), neutral (b), and pronation (c)
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Fig. 6.13 Linea jugata. T2*-weighted axial MR image
shows the linea jugata (arrow) stabilizing the ulnar side of
the ECU

structure that reinforces the ulnar insertion of the
subsheath (Fig. 6.13) [46]. It is an important
dynamic stabilizer that helps to prevent ECU ten-
don luxation during supination [33].

Ligaments of the Wrist

Wrist ligaments are responsible for stability
through complex motion about the radiocarpal,
ulnocarpal, and DRUJ. The ligaments of the
wrist have been classified into two types.
Distinction has been made between the extrinsic
(radiocarpal and ulnocarpal) and the intrinsic
(intercarpal) ligaments (Table 6.2) (Figs. 6.14,
6.15, and 6.16).

Intrinsic Ligaments
Proximal Interosseous Ligaments

There are two proximal intrinsic interosseous
wrist ligaments: the scapholunate (SL) ligament
and the lunotriquetral (LT) ligament. The proxi-
mal intrinsic ligaments cover the dorsal, proxi-
mal, and volar aspects of their joints, respectively,
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leaving the distal aspect open to communicate
with the midcarpal joint (Fig. 6.14a, b) [3].

The SL ligament is U-shaped on sagittal sec-
tion and has three separate zones: dorsal,
proximal, and volar components. The dorsal and
volar zones are ligamentous, whereas the proxi-
mal zone is fibrocartilaginous [10]. The SL liga-
ment is the primary stabilizer of the scapholunate
joint. The dorsal zone is the thickest and stron-
gest situated between the proximal pole of the
scaphoid and the dorsal portion of the lunate
[47]. The volar zone is thin and oriented
obliquely from palmar to dorsal progressing
from the scaphoid to the lunate; therefore, it is
less easily observed on conventional MRI. Tt
combines with the radioscapholunate ligament
proximally and inserts on the scaphoid with
small connections to the radioscaphocapitate
ligament distally [48]. The proximal zone is
fibrocartilaginous, similar to the TFCC histolog-
ically. DISI can occur due to alteration of SL
ligament integrity, with flexion of the scaphoid
and extension of the lunate and triquetrum. A
recent cadaveric study showed scaphotrapezio-
trapezoid ligament or distal intercarpal ligament
resection, in association with SL ligament resec-
tion, produced DISI [49].

The LT ligament is V-shaped on sagittal sec-
tion with three separate zones: dorsal, proximal,
and volar. The dorsal and volar zones are liga-
mentous, and the proximal zone is fibrocartilagi-
nous [50]. The volar region is the thickest part
and transmits the extension movement of the tri-
quetrum [51]. The dorsal component functions as
a restraint to rotation. The dorsal and volar zones
of the LT ligament are biomechanically more
important than the proximal zone. The proximal
zone shows a triangular morphology in >85% of
subjects; however, a variety of shapes and MR
appearances have been reported [52, 53]. LT liga-
ment instability and the associated capsular dam-
age, typically to the dorsal radiocarpal and dorsal
intercarpal ligament, result in VISI. The proximal
zone of both SL ligament and LT ligament is best
demonstrated on coronal plane (Fig. 6.15b), and
the dorsal and volar zones are best identified on
axial plane (Fig. 6.16).
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Table 6.2 Intrinsic and extrinsic ligaments of the wrist.
(Abbreviations in the figures)

Intrinsic ligaments
Proximal interosseous ligaments

Scapholunate ligament (SL)

Lunotriquetral ligament (LT)
Distal interosseous ligaments
Trapeziotrapezoid (TT) ligament

Trapezocapitate (TzC) ligament

Capitohamate (CH) ligament

Palmar midcarpal ligaments
Scaphotrapeziotrapezoid (STT) ligament
Scaphocapitate (SC) ligament
Triquetrocapitate (TC) ligament
Triquetrohamate (TH) ligament

Dorsal intercarpal/intrinsic ligaments (DIC)

Extrinsic ligaments

Radiocarpal
Dorsal radiocarpal (DRC) ligament
Radioscaphocapitate (RSC) ligament

Long radiolunate ligament (LRL)
Short radiolunate ligament (SRL)
Radial collateral ligament (RCL)
Radioscapholunate ligament

Ulnocarpal

Ulnocapitate (UC) ligament
Ulnolunate (UL) ligament
Ulnotriquetral (UT) ligament

Distal Interosseous Ligaments

There are three ligaments connecting the carpal
bones of the distal row: trapeziotrapezoid (TT)
ligament, trapezocapitate (TzC) ligament, and
capitohamate (CH) ligament. Each ligament
consists of at least a dorsal and a volar region.
The dorsal and volar TT ligaments extend
across the entire length of the dorsal and volar
joint margin [3]. The TzC ligament includes
three zones: the volar, dorsal, and the deep. The
deep zone is the strongest crossing the central
region of the joint in an angled notch. The CH
ligament extends substantially onto the distal
half of the volar and the dorsal cortices of the
bone [54]. As with the TzC ligament, the deep
CH ligament is a thick and square-shaped struc-
ture (Fig. 6.14b).

Palmar Midcarpal Ligaments

The four palmar midcarpal ligaments course from
the scaphoid or triquetrum to the distal carpal row:
the scaphotrapeziotrapezoid (STT) ligament, the
scaphocapitate (SC) ligament, the triquetrocapitate
(TC) ligament, and the triquetrohamate (TH) liga-
ment (Fig. 6.14a). There is no direct connection
between the lunate and the distal carpal row [3].
The STT ligament attaches to the radial and ulnar
cortices of the distal pole of the scaphoid proxi-
mally. It passes distally to the palmar and radial
aspect of the trapezium and the palmar surface of
the trapezoid [55, 56]. The SC ligament attaches to
the distal pole of the scaphoid proximally and the
palmar cortex of the body of the capitate distally.
The TC ligament attaches proximally to the distal
and radial corner of the triquetrum and the ulnar
cortex of the capitate [57]. The triquetrohamate
ligament attaches to the distal margin of the palmar
cortex of the triquetrum and extends distally to
attach to the palmar cortex of the hamate body [54].

Dorsal Intercarpal/Intrinsic
Ligaments

The dorsal intercarpal (DIC) ligaments attach the
dorsal tubercle of the triquetrum proximally to the
dorsal ridge and radial surface of the scaphoid and
in half of individuals the dorsal cortex of the trap-
ezoid (Figs. 6.14d and 6.15c¢) [3, 58]. The DIC liga-
ments play the role of a secondary stabilizer
associated with the dorsal radiocarpal ligament;
however, the SL ligament is the primary stabilizer
of the scapholunate joint [48]. They form a lateral
V-shaped structure with an apex in the triquetrum
that stabilizes the dorsal scapholunate interval [58].

Extrinsic Ligaments
Radiocarpal Ligaments

On the volar side, the radioscaphocapitate (RSC)
ligament and the long radiolunate (LRL) liga-
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Fig. 6.14 Schematic drawing of the intrinsic and extrin-  dorsal intercarpal/intrinsic and extrinsic ligaments (d).
sic ligaments. Volar intrinsic ligaments (a), dorsal deep ~ Abbreviations: see Table 6.2 for ligaments
intrinsic ligaments (b), volar extrinsic ligaments (¢), and
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Fig. 6.15 Anatomical images of the wrist ligaments on
T2*-weighted coronal images. The proximal zone of both
SL ligament and LT ligament are best demonstrated on
this plane. Abbreviations: see Table 6.2 for ligaments. d

ment are the two main ligamentous stabilizers of
the scapholunate joint (Figs. 6.13c and 6.14a)
[48]. The RSC ligament is the most radial extrin-
sic ligament and forms the entire radial radiocar-
pal and a part of the palmar radiocarpal joint
capsule [55]. It extends diagonally from the
radial styloid process to the region of the middle
of the scaphoid fossa with connection to the
fibers from the ulnocapitate (UC) ligament [57].
This structure is also referred to as the palmar
arcuate ligament [59]. The LRL ligament, or
volar radiolunotriquetral ligament, extends from

dorsal zone, v volar zone, p proximal zone, R radius, L
ulna, S scaphoid, L lunate, T triquetrum, Tm trapezium,
Td trapezoid, C capitate, H hamate

the distal palmar rim of the radius to terminate in
the lunate at the radial aspect of its palmar cortex
over the lunate [60]. It plays a role in stabilization
of the lunate in extension [49]. The short radiolu-
nate (SRL) ligament originates proximally from
the entire width of the lunate fossa of the distal
radius and attaches to the radial half of the pal-
mar cortex of the lunate [61]. The radial collat-
eral ligament (RCL) extends from the tip of the
styloid process of the radius and inserts on the
distal pole and waist of the scaphoid and the pal-
mar surface of the trapezium [62]. Another volar-
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sided extrinsic ligament, the radioscapholunate
ligament is found just ulnar to the long radiolu-
nate ligament. There is some question as to
whether this is a true ligament [63].

The dorsal radiocarpal (DRC) ligament
(Figs. 6.14d and 6.15¢), also called as the dorsal
radiolunotriquetral ligament, is comprised of
oblique fibers of approximately 1.5 mm thick-
ness and attaches to the dorsal rim of the distal
radius proximally and the dorsal cortex of the tri-
quetrum, giving a firm attachment to the dorsoul-
nar corner of the lunate [64]. It is the most
important dorsal extrinsic ligament to stabilize
the lunate and scaphoid [65].

There are three identified ulnocarpal liga-
ments: the ulnocapitate (UC) ligament, the ulno-
lunate (UL) ligament, and the ulnotriquetral (UT)
ligament (Figs. 6.14c and 6.15a). The UC liga-
ment is the only ulnocarpal ligament that attaches
directly to the ulnar head [66]. It attaches to the
fovea region of the ulnar head proximally and
interdigitates with the fibers of the RSC ligament
distally as mentioned above.

The Triangular Fibrocartilage
Complex

The triangular fibrocartilage complex (TFCC) com-
prises the following structures: (1) triangular fibro-
cartilage disc, (2) radioulnar ligaments, (3)
triangular ligament, (4) meniscal homologue, (5)
ulnar collateral ligament (UCL), (6) volar ulnocar-
pal ligaments (ulnolunate and ulnotriquetral), and
(7) extensor carpi ulnaris (ECU) tendon sheath
(Figs. 6.17 and 6.18). The TFCC plays a role as the
main stabilizer of the ulnar-sided wrist and the
DRUI. The TFCC articulates between the proximal
carpal row and the distal ulna, facilitating smooth
motion of the wrist, transmitting axial loads between
the ulna and carpal bones, and serving as an exten-
sion of the proximal radial articular surface.

1. Triangular Fibrocartilage Disc

The triangular fibrocartilage disc appears as
an asymmetric biconcave rectangular shape in
the coronal plane (Fig. 6.17b, c). In contradis-
tinction to the attachment of the dorsal and volar
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Fig. 6.16 Anatomical image of the ligaments on T2%*-
weighted axial image at the level of the proximal carpal
row. The dorsal and volar zones are best identified on this
plane. Abbreviations: S Scaphoid, L Lunate, T Triquetrum,
SL Scapholunate ligament, LT Lunotriquetral ligament,
RSC Radioscaphocapitate ligament, DRC Dorsal radio-
carpal ligament, UC Ulnocapitate ligament, d Dorsal
zone, v Volar zone

radioulnar ligaments mentioned later, there is a
continuous transition from the central fibrocarti-
laginous disc to the hyaline cartilage of the sig-
moid notch [67]. The shape of the disk remains
constant throughout wrist motion when the ulno-
carpal joint is stable. The morphology of the disc
varies with ulnar variance [10]. The disc with the
ulnar plus variance is thin and, therefore, more
vulnerable to biomechanical stress.

2. Dorsal and Volar Radioulnar Ligaments

The dorsal and volar radioulnar ligaments
form the main components of dorsal and volar
marginal portion of the triangular fibrocartilage
disc. The ligaments attach to the dorsal and volar
rim of the distal radius directly at the level of the
sigmoid notch and the middle and distal thirds of
the styloid process via chondral-apophyseal
entheses (Fig. 6.17a, b, d) [68]. The dorsal and
volar radioulnar ligaments are well recognized in
axial MR images (Fig. 6.18). The most superfi-
cial fibers of the dorsal radioulnar ligament con-
tribute to the formation of the ECU tendon sheath
ulnarly [22].

3. Triangular Ligament

The triangular ligament, a synonym of the ulnar
side of the triangular fibrocartilage, anchors the
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Fig. 6.17 Coronal anatomical images of the
TFCC. Abbreviations: RULd distal radioulnar ligament
dorsal attachment, RULm distal radioulnar ligament mid-
dle attachment, RULv distal radioulnar ligament volar

disc of triangular fibrocartilage to the ulnar styloid
process. It extends along the entire surface to the
most proximal aspect of the fovea of the styloid
process and the tip [67]. The triangular ligament
usually bifurcates into two laminae (proximal and
distal) as the ligament extends toward the ulna
(Fig. 6.17b, c) [69]. The distal lamina inserts into
the fibro- or hyaline-like cartilage of the tip of the
ulnar styloid [70]. The normal MRI appearance of
the triangular ligament is a band with striated pat-
tern (arrowhead). The internal signal is higher
compared with the disc, due to its histological

attachment, TLp triangular ligament proximal lamina,
TLd triangular ligament distal lamina, MH meniscus
homologue, UTL ulnotriquetral ligament, ECU extensor
carpi ulnaris tendon

structure as a combination of collagen fibers and
vascular-rich connective tissue [71].

4. Meniscal Homologue

The meniscal homologue is an inconsistent
structure formed by a thickening of the ulnar side
of the joint capsule. The meniscal homologue
extends from the ulnar styloid to the dorsal edge
of the triquetrum, the hamate, and the base of the
fifth metacarpal [72]. It is best depicted in the
coronal plane as a triangle-shaped structure with
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hypointense signal (Fig. 6.17b). The prestyloid
recess is a synovium-lined saccular space bor-
dered by the meniscal homologue distally, the
TFCC attachments to the ulnar styloid process
proximally, and the central TFCC disk radially
[73]. Commonly there is a direct connection to
the rest of the radiocarpal compartment.

5. Ulnar Collateral Ligament

The concept of the UCL is nebulous but con-
sidered as the loose connective tissue that extends
from the horizontal portion of the TFCC to join
the subsheath of the ECU [74].

6. Volar Ulnocarpal Ligaments (ulnotriquetral
and ulnolunate ligaments)

The UT and UL ligaments both originate
proximally from the volar radioulnar ligament.

Fig. 6.18 Axial image of the TFCC. Abbreviations:
RULA distal radioulnar ligament dorsal attachment, RULv
distal radioulnar ligament volar attachment, ECU exten-
sor carpi ulnaris tendon, R radius, S styloid process

Table 6.3 Routine wrist MR protocol

(3) They stabilize the lunate and, therefore, the
proximal row of the carpal bones [61]. The UT
ligament is intimately associated with the menis-
cal homologue. There is no direct attachment to
the ulna. Assessment of their proximal attach-
ment on MRI can be difficult because of the het-
erogeneous appearance due to the interspersed
vascular loose connective tissue [75, 76]. Also,
there is no clear demarcation between the UL and
the UT ligaments proximally, but there are dis-
tinct attachment sites distally (Fig. 6.17¢) [3].

7. Extensor Carpi Ulnaris (ECU) Subsheath

The ECU courses along the dorsolateral aspect
of the ulnocarpal joint, is situated within the ulnar
notch, and covered by fibrous tissue referred to as
the ECU subsheath (Fig. 6.17c, d) [72]. As
described above, a part of the dorsal radioulnar
ligament and the dorsal radial metaphyseal arcu-
ate ligament merge and reinforce the ECU sub-
sheath [55]. They are further reinforced by the
extensor retinaculum and ulnar collateral liga-
ment which blends with the ECU subsheath. The
ECU subsheath is an important stabilizer of the
ulnar side of the TFCC.

Imaging Protocols for the Wrist

Thin and contiguous slices with high signal-to-
noise ratio are essential to evaluate the structures
in the wrist joint as above discussed. Our routine
noncontrast 3T wrist MR protocol is included in
Table 6.3. Higher magnetic field such as 3T, with
adequate coil selection such as wrist coil or
microcoils for small field of view, is required. For

Sequence FOV TR/TE ST SG Matrix
Coronal T2FS 10 cm 3500-4000/60-90 3 mm 0.3 mm 320
Coronal T1 10 cm 450-500/13-15 3 mm 0.3 mm 320
Coronal PD 3D 10 cm 2000-2500/18-30 1.4 mm 0 288
3D reconstructed in axial and sagittal

Sagittal T'1 10 cm 450-500/13-15 3 mm 0.3 mm 384
Axial T2FS 10 cm 3500-4000/60-90 2.5 mm 0.5 mm 320
Axial T1 10 cm 600-850/10-15 2.5 mm 0.5 mm 384

Abbreviations: FOV field of view, TR repetition time, TE echo time, ST slice thickness, SG slice gap
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the SLL injury evaluation, higher specificity at
3T compared with 1.5T is demonstrated in the
recent meta-analysis study; however, that of MR
arthrography with 3T was still superior. MRA
may be considered when higher diagnostic per-
formance is demanded to avoid invasive arthros-
copy [77].
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Wrist Pathology - Traumatic

Teresa T. Martin-Carreras and Jenny T. Bencardino

Background

The wrist has frequently been regarded as the
most complex joint in the human body [1, 2].
Composed of multiple small carpal joints, it
allows for substantial motion in the sagittal and
coronal planes. Coupled with the radioulnar
joints, it also facilitates three-dimensional rota-
tional movements about the longitudinal axis of
the forearm [2]. Additionally, it also serves as one
of the main functional joints of daily activities,
making it especially susceptible to traumatic
injuries [3]. In the last two decades, magnetic
resonance (MR) imaging of the wrist has seen
remarkable advancements and has greatly bene-
fitted from the use of dedicated surface coils and
increasing magnetic field strength. Today’s MR
imaging capabilities allow us to noninvasively
finely depict smaller and more subtle osseous,
soft tissue, and cartilaginous pathology [4]. As a
result, MR imaging of the wrist has become an
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instrumental asset in rendering accurate diagno-
ses and facilitating subsequent treatment.
Excellent anatomic detail can be elucidated
using T1-weighted and high-resolution proton den-
sity images. T2-weighted images are useful in
demonstrating alterations in water content seen in
many pathologic conditions. In addition, fluid-
sensitive sequences such as T2-weighted fat-
suppressed sequences and short tau inversion
recovery (STIR) can serve to highlight the differ-
ences between low-signal ligaments, tendons, tri-
angular fibrocartilage complex (TFCC), and
abnormal free water content in the setting of pathol-
ogy. A 3T system is preferable, as it can provide
nearly twofold in signal-to-noise (SNR) ratio, and
dedicated multichannel phase-array surface coils
should be used when imaging the wrist. Sequences
should be obtained in the axial, oblique sagittal,
and oblique coronal planes. Magnetic resonance
arthrography (MRA) can also provide additional
benefits including joint distention, increased con-
trast-to-noise ratio, and assessment of abnormal
patterns of compartmental communication [4, 5].

Osseous Injuries
Scaphoid Fractures
The scaphoid is the most commonly injured car-

pal bone, accounting for 60% of all carpal
fractures. The most common mechanism of
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injury is a fall on an outstretched hand (FOOSH),
typically with the wrist in greater than 90-degree
dorsiflexion. Injury may also occur from a direct
blow or excess axial loading with the wrist in
flexion and extension [6, 7]. Patients may present
with minimal swelling, mildly decreased range of
motion, snuffbox tenderness, and/or radial-sided
wrist pain [6]. Fractures of the waist account for
two-thirds of all scaphoid fractures, and the
majority are non-displaced (Fig. 7.1). Fractures
of the distal third/pole of the scaphoid represent
25% of scaphoid fractures, and fractures of the
proximal third/pole of the scaphoid occur in
5-10% of cases [7]. The Herbert classification
system is most commonly used because it’s pri-
marily based on the distinction between stable
(type A) and unstable (type B) (Fig. 7.2) acute
scaphoid fractures, a difference which guides
clinical and operative management. Scaphoid
tubercle fractures and incomplete waist fractures
are considered stable in the Herbert classification
system, whereas comminuted fractures, fracture
dislocations, oblique distal pole fractures, proxi-
mal pole fractures, and complete/displaced waist
fractures are considered unstable. Delayed unions
(type C) and established nonunion (type D) are
also included in the classification system [6].

Fig.7.1 Stable scaphoid fracture. Coronal fat-suppressed
T2-weighted image demonstrates an incomplete stable
scaphoid waist fracture line (arrowhead) outlined by bone
marrow edema representing contusions of the distal pole
and scaphoid waist

If a scaphoid fracture is suspected, initial
imaging typically begins with wrist radiography.
However, a large meta-analysis revealed that
scaphoid fractures are not identified on initial
radiographs in 16% of cases [8]. If initial radio-
graphs are negative for fracture but there remains
clinical concern for scaphoid fracture, one of two
options may then be enacted. One option is to
place the patient in a thumb spica short arm cast
and repeat wrist radiographs in 10-14 days.
Alternatively, the second option is to obtain MR
imaging of the wrist [9]. MR imaging has been
shown to have sensitivity and specificity nearing
100% for scaphoid fracture detection. It also
avoids radiation and prevents unnecessary immo-
bilization and lost productivity in negative cases,
an important consideration in the athletic popula-
tion [6].

On MR images, fractures are seen as a low
signal intensity line on all MR sequences. Bone
contusions describe an occult injury of the tra-
becular bone without an obvious fracture line and
may be referred to as a “microfracture.”” MR is
also very sensitive at detecting bone contusions
which appear as high signal intensity on STIR
and T2-weighted fat-suppressed images [10].

Missed scaphoid fractures can result in seri-
ous consequences including fracture nonunion
(Fig. 7.3). Eventually, nonunion can progress to
posttraumatic osteoarthritis and carpal collapse
secondary to carpal instability, an entity known
as scaphoid nonunion advanced collapse (SNAC)
Wwrist.

Fractures of the scaphoid distal pole have a
better prognosis than fractures of the proximal
pole related to the retrograde blood supply to the
scaphoid. Blood vessels originating from the dor-
sal carpal branch of the radial artery enter the
scaphoid through a capsular insertion on the dor-
sal ridge. They account for 70-80% of the scaph-
oid’s intra-osseous blood supply, and they
represent the only vascular supply to the proxi-
mal pole. On the palmar side, superficial palmar
branch vessels from the radial artery enter at the
palmar lateral aspect of the scaphoid tubercle
accounting for 20-30% of the blood supply to the
scaphoid, but only to the distal pole [11].
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Fig. 7.2 Unstable scaphoid  fracture. — Coronal
T1-weighted image (a) and coronal T2-weighted fat-
suppressed image (b) demonstrate an unstable obliquely

Fig. 7.3 Scaphoid nonunion advanced collapse (SNAC).
Coronal T1-weighted image demonstrates SNAC wrist
posttraumatic osteoarthritis at the articulation of the distal
scaphoid fragment and radial scaphoid fossa

oriented fracture of the scaphoid extending from the waist
to the proximal pole with diffuse bone marrow edema
throughout the scaphoid

Scaphoid Nonunion

Nonunion is typically defined as being present
when there are imaging signs consistent with the
lack of fracture healing (i.e., sclerosis/neocortex,
cyst formation, collapse, and bone resorption) or
when osseous bridging has not occurred over a
period of 6 months from the time of fracture.
Causes of nonunion are multifactorial and
include a delay in beginning treatment, displace-
ment of fracture fragments, inadequate immobi-
lization, instability due to ligamentous injury,
and inadequate blood supply of the proximal
fragment [12]. Scaphoid nonunion can lead to
avascular necrosis, also known as osteonecrosis
(Fig. 7.4). When fracture nonunion involves the
middle third of the scaphoid, the incidence of
osteonecrosis is 30%. However, when fracture
nonunion involves the proximal one-fifth of the
scaphoid, the incidence increases to 100%. The
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Fig. 7.4 Avascular necrosis in the setting of scaphoid
nonunion. A 30-year-old male presents with persistent
wrist pain 9 months after trauma. Coronal T1-weighted
(a) and coronal T2-weighted fat-suppressed (b) images
reveal scaphoid fracture nonunion with loss of normal fat
marrow signal and diffuse bone marrow edema through-
out the bone. Postcontrast coronal TIl-weighted fat-

viability of the proximal fragment determines
whether a nonvascularized or vascularized bone
graft is used. MR imaging is the modality of
choice to assess the viability of the proximal
fracture fragment in cases of scaphoid nonunion.
However, the most reliable MR imaging proto-
col for this purpose is not universally agreed
upon [13]. Several studies have shown that
delayed contrast enhancement MR images can

suppressed imaging (c¢) shows increased enhancement in
region of bone marrow edema distal to the fracture.
However, the edematous bone proximal to the fracture is
hypointense even when compared to the normally enhanc-
ing adjacent carpal bones. Findings are concerning for
avascular necrosis. (Case is courtesy of Dr. Bethany
Casagranda)

predict the viability of the proximal fracture
fragment better than non-contrast images when
surgical punctate bleeding points of the proximal
pole are used as a reference standard [14, 15]. A
separate study compared delayed contrast-
enhanced MR imaging with dynamic contrast-
enhanced MR imaging and found that delayed
contrast-enhanced imaging was superior [16].
However, Anderson et al. found a poor correla-



7 Wrist Pathology - Traumatic

tion between delayed contrast enhancement
when compared to intraoperative findings of
osteonecrosis (54% sensitivity). Meanwhile,
their study found that confluent decreased T1
signal in the proximal fragment on non-contrast
images had a sensitivity of 100% for detection of
osteonecrosis when compared to intraoperative
findings [17].

Ulnocarpal Abutment Syndrome

Ulnocarpal abutment syndrome is a condition
which results from distinct ulnar-sided pathol-
ogy resulting from abutment of the distal end of
the ulna against the ulnar-sided carpus. This
syndrome is often seen in patients with ulnar
positive variance, malunion of the distal radius,
Madelung deformity, trauma that impacts the
growth of the distal radius relative to the ulna,
and elbow or forearm trauma, such as radial
head or Essex-Lopresti injury patterns [18].
While more commonly seen in patients with
ulnar positive variance, it can also be seen in
patients with neutral or ulnar negative variance.
Prolonged impaction leads to degenerative
changes of the triangular fibrocartilage com-
plex (discussed later in the chapter); chondro-
malacia of the lunate, triquetrum, and distal
ulnar head; resultant instability of the lunotri-
quetral joint; and ultimately degenerative
arthrosis of the ulnocarpal and distal radioulnar
joint (DRUJ) [19]. MR findings include focal
abnormal signal intensity of the ulnar aspect of
the lunate, of the radial aspect of the trique-
trum, or less commonly of the radial aspect of
the ulnar head. Subchondral bone marrow
edema which can be seen on fat-suppressed
T2-weighted and STIR images is often an indi-
rect sign of chondromalacia and an early find-
ing of ulnocarpal abutment syndrome (Fig. 7.5).
With syndrome progression, subchondral scle-
rosis may be seen as areas of low signal inten-
sity on TIl-weighted images and high signal
intensity on T2-weighted images. Subchondral
cysts can also be seen as well-defined areas of
low signal intensity on T1 and high signal
intensity on T2-weighted images [18].
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Fig. 7.5 Ulnocarpal abutment. Coronal fat-suppressed
T2-weighted image demonstrates early signs of ulnocar-
pal abutment including bone marrow edema of the distal
ulna and ulnar aspect of the lunate (white circle). Positive
ulnar variance is also present

Kienbock’s Disease

Kienbock’s disease is a progressive and debilitat-
ing process characterized by avascular necrosis
of the lunate. Patients most commonly present
with pain in the dorsal aspect of the wrist at the
radiolunate facet, decreased range of motion,
swelling, and weakness of the affected hand.
Many patients endorse a history of trauma; how-
ever, this history may not always be present. The
cause of Kienbock’s disease remains in debate;
however, it is likely multifactorial and results
from varying degrees of anatomic factors (e.g.,
negative ulnar variance, oblong or square lunate
geometry), disrupted vascularity, and traumatic
insults to the lunate [20, 21]. A number of staging
systems exist for Kienbock’s disease classifica-
tion, with the Lichtman staging system often
regarded as having the most clinical relevance.
The classification consists of four stages with two
subclassifications for stage 3. In stage 1, radio-
graphs are normal, and MR imaging is particu-
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Fig. 7.7 Hook of hamate fracture. Axial T1-weighted
image demonstrates an acute hook of the hamate fracture
(arrow)

larly useful as it can detect bone marrow edema
and subtle trabecular microfractures (Fig. 7.6)
that may be radiographically occult. Stage 2 is
characterized by lunate sclerosis which can be
architecturally normal or demonstrate early col-
lapse on the radial side. In stage 3, there is col-
lapse of the entire lunate. This is the most
common stage at initial presentation. This stage
is subdivided into stage 3A without carpal col-
lapse and 3B with diminished carpal height and
fixed palmar flexion of the scaphoid. Finally,
stage 4 is characterized by the presence of gener-
alized arthritic change in the carpus, in addition
to the findings of stage 3 [20-22].

Ulnar Styloid Fractures

Fractures of the ulnar styloid may occur as an iso-
lated injury from a direct blow to the dorsal or
ulnar wrist, or they may occur in conjunction with
other wrist fractures in traumatic settings such as a
fall. Patients often present with a weakened grip,
ulnar-sided wrist pain worsened by ulnar deviation
and twisting of the wrist, and limited range of
motion. While these fractures are easily diagnosed
at radiography, approximately 65% result in non-
union and ulnar-sided wrist disorders [23]. The
extensor carpi ulnaris tendon sheath, ulnocarpal
ligaments, and TFCC all originate from the distal
ulna and serve to preserve the congruency of the
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Fig. 7.6 Kienbick’s disease. Coronal fat-suppressed
T2-weighted image demonstrates negative ulnar variance
and bone marrow edema and microfractures of the lunate

DRUI. If only the tip of the ulnar styloid is frac-
tured, the TFCC will remain intact since its attach-
ments are near the base of the styloid, and the
DRUIJ will accordingly remain stable. However,
more complex ulnar styloid fractures may result in
avulsion of the ulnar attachments of the TFCC (a
palmer grade 1B TFCC injury discussed later in
the chapter) and a pattern of injury which may ulti-
mately lead to DRUJ instability [24].

Hamate Fractures

Hamate fractures may involve the body or the
hook, with the hook being the most common. The
hook of the hamate fractures (Fig. 7.7) is com-
monly seen in swinging sports including baseball,
golf, and tennis. Fractures typically result from
direct compression and repetitive microtrauma.
Early diagnosis and treatment are important to
decrease the risk of complications which include
nonunion, flexor digitorum profundus tendon rup-
tures, ulnar neuropathy (Fig. 7.8), and ulnar artery
injury. MR imaging is the best imaging modality
to diagnose a hamate fracture and simultaneously
evaluate all of its potential complications [13].
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Fig. 7.8 Ulnar neuropathy in the setting of hook of the
hamate fracture. Axial T2-weighted fat-suppressed image
one slice distal to the expected location of the hook of the
hamate (asterisk) demonstrates the associated extensive
perineural edema at the level of Guyon’s canal (arrow)

Triquetrum Fractures

Triquetrum fractures account for up to 3.5% of all
wrist injuries and represent the second most com-
mon carpal bone fracture after scaphoid fractures.
Three types of triquetral fractures have been
described: cortical dorsal (most common), body,
and cortical palmar fractures. Most triquetral frac-
tures are seen after FOOSH injuries. However, the
mechanism of injury resulting in triquetral frac-
tures remains controversial. To date, two major
theories have been proposed. The first theory sug-
gests the fracture results from avulsion of the dor-
sal capsular ligaments, whereas the second theory
suggests that the fracture is the result of ulnocarpal
impaction caused by an elongated styloid process
[25]. The main dorsal carpal ligaments insert on the
dorsum of the triquetrum, including extrinsic (dor-
sal radiocarpal and dorsal ulnotriquetral) and
intrinsic (dorsal intercarpal) ligaments, each with
separate attachment sites. While dorsal triquetral
fractures rarely lead to nonunion, they are fre-
quently associated with ligamentous injuries which
can result in early arthritis and instability. While
radiography is the recommended initial modality
for acute wrist injuries, in the setting of negative
radiographs with a confounding clinical exam,
early MR imaging would be a suitable choice. In
the case of triquetral fractures, MR imaging can
provide the diagnosis, and it can also serve to assess
for concomitant ligamentous injury [13].

Ligament Injuries
Interosseous Ligaments of the Wrist

The intrinsic or interosseous ligaments are intra-
capsular structures, and they originate and insert on
carpal bones. The two most important interosseous
ligaments are the scapholunate and lunotriquetral
ligaments. These intrinsic ligaments connect the
proximal carpal row and preclude communication
between the radiocarpal and midcarpal joints.
These ligaments are U-shaped and have dorsal and
volar ligamentous components, with a thinner
membranous/cartilaginous central component [1].
MR sequences in the coronal and axial planes
allow for direct assessment of the scapholunate and
lunotriquetral ligaments. However, MR arthrogra-
phy has been shown to be more sensitive than stan-
dard MR for detecting abnormalities of these
intrinsic wrist ligaments [26].

Scapholunate Ligament Injury

Schapholunate dissociation which results from
injury to the scapholunate ligament (SLL) is the
most common form of carpal instability. Patients
often present with weakness and pain about the
dorsal radial aspect of the wrist. The SLL is com-
posed of thick, dorsal collagen bundles, a feature
which renders its dorsal component the most
important for carpal stability. Volarly, the liga-
ment is less thick and less taut in order to accom-
modate the articulating surfaces of the lunate and
scaphoid rendering it weaker than the dorsal com-
ponent [5]. Scapholunate ligament tears typically
occur in the setting of axial overload injuries or
hyperextension with supination as can be seen in
the context of a fall [27]. Understanding the anat-
omy of each SLL component is important, since
the site and extent of ligament disruption may be
used to differentiate between a traumatic tear and
degenerative changes. For example, a complete
ligamentous tear or involvement of the dorsal or
volar portions of the ligament indicates a trau-
matic origin, whereas central perforations are
more compatible with sequela of physiological
degeneration [28]. Complete tears of the SLL



Fig. 7.9 Complete SLL tear. Coronal fat-suppressed
T2-weighted image demonstrates full-thickness tear of
the scapholunate ligament at its scaphoid insertion (arrow)
with resultant widening of the scapholunate interval. Also
seen is radial avulsion of the triangular fibrocartilage
(arrowhead) and bone marrow contusions of nearly all
carpal bones as well as the radial styloid. L lunate, ¢ capi-
tate, s scaphoid, rs radial styloid

(Fig. 7.9) are seen as absence of the ligament or as
distinct areas of discontinuity within the ligament
with corresponding fluid-like T2 hyperintensity
[5]. Partial tearing is typically characterized by
focal thinning or irregularity in a portion of the
ligament, and they more commonly affect the
weaker volar ligamentous attachment. When there
is accompanying injury to the secondary wrist sta-
bilizers, dorsal intercalated segment instability
(DISI) develops, and over time, subsequent wrist
osteoarthritis and scapholunate advanced collapse
(SLAC) wrist may result [23]. These complica-
tions will be discussed later in the chapter.

Lunotriquetral Ligament Injury

Lunotriquetral ligament (LTL) tears are report-
edly only one-sixth as common as SLL tears.

T.T. Martin-Carreras and J. T. Bencardino

Fig.7.10 Complete LTL tear. Coronal fat-suppressed 3D
spoiled gradient image demonstrates a full-thickness tear
of the lunotriquetral ligament (white arrow) with intra-
articular contrast extending to the midcarpal row. Intra-
articular contrast injections of the radiocarpal and distal
radioulnar joints were performed for this MR arthrogram
examination

Isolated lunotriquetral ligament (LTL) tears may
result from a FOOSH or a direct blow. Patients
often present with tenderness and swelling to the
ulnar side of the wrist over the LTL articulation
which can be palpated between the fourth and
fifth wrist extensor compartments, and they may
also present with a weakened grip [29, 30]. In
contradistinction to the SLL, the volar compo-
nent is the most stout and considered the major
constraint to lunotriquetral motion [30]. Similar
to SLL tears, LTL complete tears are diagnosed
when there is a distinct area of discontinuity
with increased signal on fluid-sensitive
sequences (Fig. 7.10) or complete absence of the
ligament. Fraying, thinning, distorted morphol-
ogy, or abnormal ligament course may also indi-
cate the presence of a tear [4]. As with the SLL,
degenerative tears of the LTL generally involve
the membranous portion with intact dorsal and
volar components. When there is accompanying
injury to the radiocarpal extrinsic ligamentous
stabilizers, volar intercalated segment instability
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(VISI) will often result (discussed later in the
chapter) [1].

Capsular Ligaments of the Wrist

The capsular ligaments of the wrist are so named
because they derive part or all of their substance
from the capsule of the wrist. In this chapter, we
will cover the most clinically relevant capsular
ligaments. The extrinsic capsular ligaments are
ligaments that originate from the distal forearm
and insert on the carpus. Of the extrinsic capsular
ligaments, the volar ligaments are strongest and
provide the most contribution to carpal stability.
The radioscaphocapitate is considered the primary
volar capsular ligament. It originates from the lat-
eral aspect of the radial styloid and courses under-
neath the waist of the scaphoid and is an important
contributor to scaphoid stability. On MR imaging,
it is seen as a low-signal structure with striations.

Deep to the extensor tendons and extensor
retinaculum lie the dorsal capsular ligaments
which are not considered as important as the
volar capsular ligaments. The dorsal radiocarpal
ligament is the primary dorsal extrinsic capsular
ligament. It originates from Lister’s tubercle and
inserts on the dorsal aspect of the triquetrum. As
it courses, it sends a few fibers to the lunate and
is sometimes also referred to as the dorsal radio-
lunotriquetral ligament. It serves to provide sta-
bility to the proximal carpal row. The dorsal
radiocarpal ligament is typically the culprit that
causes dorsal avulsion of the triquetrum. These
ligaments can be seen on coronal images but are
better assessed on axial and sagittal images.
Similar to the volar ligaments, the dorsal extrin-
sic ligaments may demonstrate a striated appear-
ance which should not be mistaken for ligament
tears [1, 4, 31].

Another important dorsal capsular ligament is
the dorsal intercarpal ligament (DICL) which
always attaches to the dorsal aspect of the trique-
trum; however, there is some variation in its
attachment on the radial side of the carpus.
Generally, however, the DICL attaches to the
scaphoid and trapezium on the radial aspect of
the wrist.

Fig. 7.11 Dorsal intercarpal ligament (DICL) injury.
Coronal fat-suppressed T2-weighted images demonstrate
partial thickness rupture of the DICL (asterisk) with asso-
ciated surrounding high T2 signal likely reflecting a com-
bination of edema, hemorrhage, and inflammation

While injury to the dorsal ligaments is not
uncommon, complete disruption of the ligaments
is rare. Injury to the dorsal wrist ligaments more
commonly manifests as sprains or partial tears.
On MR imaging, there is associated distortion of
the ligament morphology and surrounding high
T2 signal from edema, hemorrhage, and/or
inflammation. When a partial tear is present, the
ligament will be distorted, and fluid will be seen
between ligament fibers (Fig. 7.11) [32].

Carpal Instability

Generally speaking, carpal instability can be
defined as a disturbance of the static and dynamic
balance of forces within the wrist which exist
under normal conditions, leading to loss of the
normal anatomic alignment. The most important
ligaments for carpal stability are the scapholunate
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and lunotriquetral ligaments. The SLL counteracts
the inherent tendency of the lunate to dorsiflex,
and the LTL serves the same function for the tri-
quetrum. As previously noted, the most common
type of carpal instability is schapholunate
dissociation [1, 33]. When there is disruption of
the SLL, MRI will show a dorsal tilt of the lunate,
hyperflexion of the scaphoid, and incongruity of
Gilula’s arcs known as DISI deformity. MR
arthrography may be helpful to assess for tears or
excessive stretching of the secondary ligamentous
stabilizers of the scaphoid [27]. In the case of volar
intercalated segment instability (VISI) deformity,
a complete tear of the LTL is typically seen in
combination with disruption of one of the second-
ary stabilizers of the lunotriquetral joint such as
the dorsal radiocarpal ligament. On imaging, pal-
mar tilt of the lunate will often be seen [33].
However, it’s worth nothing that these carpal rela-
tionships are best evaluated on radiographs, as
studies have shown that sagittal MRI exaggerates
these relationships [1].

Triangular Fibrocartilage Complex

The triangular fibrocartilage complex (TFCC)
stabilizes the distal radioulnar joint (DRUJ) by
behaving as a cushion for the ulnar head and
lunate during axial loading and ulnar deviation of
the wrist. TFCC tears often result from a FOOSH
or a hyperpronation injury to the forearm [34].
The clinical presentation of TFCC injuries typi-
cally include ulnar-sided wrist pain and an audi-
ble or palpable click upon rotation of the forearm
[20]. Anatomic factors such as positive ulnar
variance can also predispose patients to both
acute and chronic degenerative injuries [35]. The
TFCC is composed of tendon, ligaments, and
cartilage. Components include the triangular
fibrocartilage articular disc, volar and dorsal
radioulnar ligaments, volar ulnotriquetral and
ulnolunate ligaments, ulnar collateral ligament,
extensor carpi ulnaris (ECU) tendon sheath, and
meniscal homologue [34].

MR imaging is the modality of choice to eval-
uate TFCC injuries. A tear or defect of the TFCC
will typically appear as a linear band of increased

signal intensity on T1-weighted images, which
further increases on PD- and T2-weighted
sequences. A communicating defect (full-
thickness) tear can be suspected when the abnor-
mal signal extends to both articular surfaces. A
non-communicating defect is suspected when the
abnormal signal involves only one articular sur-
face, either the distal radioulnar joint or the radio-
carpal joint surface [4]. The Palmer classification
divides TFCC tears into traumatic (Class 1) and
degenerative (Class 2) categories. While knowl-
edge of this classification system is useful, it is
important to recognize that this system is not
exhaustive, and it does not cover all of the com-
ponents of the TFCC. With regard to traumatic
injury of the TFCC, Palmer Class 1 tears are sub-
classified according to the location of injury.
Class 1A tears are the most common traumatic
subtype of tear, and they involve the central fibro-
cartilage disk. They are most frequently localized
at the radial side and frequently show a complex
configuration. Class 1B tears are peripheral tears
of the TFCC near or at its insertion on the distal
ulna. These tears may be purely ligamentous
involving avulsions from the ulnar attachments
of the TFCC, or they can be associated with a
fracture through the base of the ulnar styloid pro-
cess and DRUJ instability (Fig. 7.12). Class 1C
tears are distal avulsions and involve the volar
ligaments, namely, the ulnolunate and ulnotriqu-
etral ligaments. These ligaments are robust mak-
ing this injury pattern uncommon. When it does
occur, however, this injury can result in ulnocar-
pal instability with palmar migration of the ulnar
carpus. Class 1D tears are characterized by avul-
sion of the TFCC from its radial attachment at the
sigmoid notch of the radius. They can also be
associated with avulsion fractures of the sigmoid
notch [35].

Nerve Injuries
Carpal Tunnel Syndrome
Peripheral nerve compression syndromes refer to

irritation and pressure injuries of nerves where
they pass through anatomical bottlenecks and
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Fig. 7.12 Palmer 1B traumatic TFCC injury. Coronal
T1-weighted image of the wrist (a) in the setting of acute
traumatic avulsion the triangular fibrocartilage articular
disc from its ulnar styloid and foveal attachments with
associated ulnar styloid avulsion fracture (white circle).

fibro-osseous canals. Carpal tunnel syndrome is
by far the most common peripheral nerve com-
pression syndrome and results from compression
of the median nerve beneath the transverse carpal
ligament [36]. The carpal tunnel floor is formed
by the carpal bones, the roof is formed by the
transverse carpal ligament, the scaphoid and the
trapezium are on the radial side, and the pisiform
and hook of the hamate are on the ulnar side.
Patients with carpal tunnel syndrome may pres-
ent with wrist pain, paresthesias and numbness
involving the first through third fingers, and
radial aspect of the fourth finger [37]. The carpal
tunnel encompasses nine tendons, the four flexor
digitorum superficialis tendons, the four flexor
digitorum profundus tendons, and the flexor pol-
licis longus tendon in addition to the median
nerve which lies along the volar superficial aspect
of the tunnel [38].

Carpal tunnel syndrome can result from repet-
itive microtrauma, and increased incidence has
been associated with repetitive flexion and exten-
sion of the wrist. These repetitive motion activi-
ties may result in flexor tenosynovitis, a
predisposing factor to carpal tunnel syndrome
[23]. Many other pathologic processes, traumatic
and nontraumatic in etiology, may compress the

Axial T2 fat-suppressed sequence (b) reveals bone mar-
row edema and dorsal subluxation of the distal ulna at the
level of the distal radioulnar joint. Extensor carpi ulnaris
tendon is dislocated (yellow circle)

median nerve within the carpal tunnel including
anomalous muscles, ganglion cysts, fracture
fragments, bone spurs, inflammatory synovial
pannus, rice bodies, and amyloid deposits [5].

A confirmatory clinical evaluation for carpal
tunnel syndrome includes a positive Phalen’s
test, which elicits worsened paresthesias after
30-60 seconds of maximal passive wrist flexion,
and a positive Tinel’s sign, which demonstrates
paresthesias in a median nerve distribution elic-
ited by gentle tapping over the carpal tunnel [38].
Median nerve conduction testing may demon-
strate a decreased conduction testing at the level
of the wrist, and needle-electrode electromyogra-
phy may assist in detecting denervation of the
intrinsic hand muscles [39].

MRI findings of carpal tunnel syndrome can be
divided into four major categories: (1) increased
nerve size (Fig. 7.13), (2) flattening of the nerve,
(3) bowing of the flexor retinaculum, and (4)
increased T2 signal within the median nerve. Axial
MR images are best to compare the cross-sectional
area of the nerve at the radiocarpal joint and at the
pisiform bone level. In patients with carpal tunnel
syndrome, the nerve size is approximately two to
three times larger at the level of the pisiform com-
pared to the size of the nerve at the radiocarpal
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Fig. 7.13 Carpal tunnel syndrome at the level of the
proximal tunnel. Axial fat-suppressed T2-weighted image
demonstrates high signal intensity and enlargement of the
median nerve (arrowhead)

Fig.7.14 Carpal tunnel syndrome’s retinacular bowing.
At the level of the transverse carpal ligament, axial
PD-weighted image shows increased bowing ratio deter-
mined by dividing the palmar displacement of the reti-
naculum (short line) by the distance between the hamate
hook to the trapezium tubercle (long line)

joint [39]. The ratio between the major and minor
axis of the nerve at the level of the DRUJ and at the
level of the hook of the hamate can be used to
assess for nerve flattening with a ratio of three
being indicative of disease. Normally, the flexor
retinaculum at the level of the hook of the hamate
should be flat or slightly convex. The degree of
bowing is determined by dividing the distance of
palmar displacement of the retinaculum by the dis-
tance between the hook of the hamate and the
tubercle of the trapezium (Fig. 7.14). In normal

T.T. Martin-Carreras and J. T. Bencardino

patients, this ratio varies from O to 0.15; however,
in patients with carpal tunnel syndrome, the ratio
varies from 0.14 to 0.26 [5]. Most nerves in the
body demonstrate a slightly increased T2 signal on
fat-suppressed T2-weighted images, and as such,
it can be difficult to assess for disease. However,
intense increase in signal within the nerve is fairly
diagnostic of disease. Lesions causing mass effect
on the carpal tunnel such as ganglia, bursae, frac-
ture fragments, proliferative synovitis, and aber-
rant muscles can also be easily depicted with MR
imaging. Aberrant muscles demonstrate signal
isointense to muscle on all pulse sequences. MR
imaging is also useful in identifying persistent
median arteries or veins within the carpal tunnel,
an important finding to recognize and report in
order to avoid inadvertent injury to these vessels
during surgery [5].

Ulnar Tunnel Syndrome

Guyon’s canal, or the ulnar tunnel, originates at
the proximal edge of the palmar carpal ligament
and extends distally to the fibrous arch of the
hypothenar muscles at the level of the hamate
hook. The ulnar nerve, ulnar artery, concomitant
veins, and connective fatty tissue lie within the
ulnar tunnel. Compression of the ulnar nerve,
while seen most commonly at the elbow, can
occasionally occur at the wrist in Guyon’s canal.
The loss of sensation along the dorsal ulnar-sided
aspect of the hand seen in ulnar tunnel syndrome
(UTS) can aid in distinguishing elbow and fore-
arm ulnar neuropathy [40].

The ulnar nerve can undergo compression at
three potential sites within Guyon’s canal: (a)
zone I which extends from the proximal edge of
the palmar carpal ligament to the bifurcation of
the ulnar nerve into the deep motor and superfi-
cial sensory branches, (b) zone II which extends
from the bifurcation of the ulnar nerve just distal
to the fibrous arch of the hypothenar muscles and
which contains the deep motor branch of the
ulnar nerve, and (c) zone III which is parallel to
zone II and contains the superficial sensory
branch of the ulnar nerve. The clinical presenta-
tion can provide clues regarding the site of ulnar
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nerve compression. Combined sensory and motor
deficits are seen in zone I lesions, zone II lesions
demonstrate pure motor deficits, and isolated
sensory deficits are noted with zone III compres-
sion. Most patients undergo ulnar nerve compres-
sion at either zone I or zone III. In greater than
50% of patients, the compression can occur in
more than one zone [40, 41].

Ulnar nerve compression within Guyon’s
canal can either be idiopathic or secondary to
trauma [41]. A displaced hook of the hamate
fracture or an enlarged hook of the hamate are
recognized offending causes. Isolated compres-
sive neuropathy of the deep terminal motor
branch of the ulnar nerve in cyclists has been
termed handlebar palsy. This palsy is related to
prolonged riding with the hands pressed against
the handle bars. As no sensory fibers are affected,
the patients often do not become aware of an
ongoing nerve compression until a severe nerve
compression develops [42]. Other causes for
UTS include tumors, musculotendinous variants,
aberrant fibrous bands, vascular lesions such as
ulnar artery pseudoaneurysm, and thrombosis
[38].

MR imaging findings of UTS include
increased size and increased signal in the nerve
and its branches, a finding best seen on axial MR
sequences. Space-occupying lesions such as gan-
glions, lipomas, hemangiomas, vascular lesions,
posttraumatic scarring, and obliteration of the fat
around the nerves are other causes of
UTS. Evaluation for the presence of aberrant
muscles should be made, as this is a common
cause of UTS that is easily overlooked. The hook
of hamate fractures is often associated with
edema and scarring in the adjacent Guyon’s’
canal (Fig. 7.8). Assessment for muscle denerva-
tion edema and atrophy in the hypothenar and
intrinsic muscles should be made, although this is
a less common finding [38, 41].

Wartenberg Syndrome
Wartenberg syndrome, also known as cheiralgia

paresthetica, results from entrapment of the
superficial branch of the radial nerve. Other

descriptive terms used to refer to the syndrome
include handcuff neuropathy or neuropraxia,
wristlet watch neuritis, or watch-strap nerve
compression. The superficial branch of the radial
nerve can be compressed at any point along its
course, but it is believed to be at greatest risk
along the posterior aspect of the brachioradialis
as the nerve transitions from a deep to a subcuta-
neous structure. The entrapment results from
scissoring or traction on the superficial branch of
the radial nerve in the fascia joining the tendons
of the extensor carpi radialis longus and the bra-
chioradialis and is aggravated by pronation of the
forearm or ulnar deviation of the wrist. Many dif-
ferent causes for compression of the superficial
branch of the radial nerve have been described
including trauma, diabetes, de Quervain’ s dis-
ease, anatomic variants, and tight fascial bands
[43, 44]. Additionally, traumatic compression
can also result from direct compression by hand-
cuffs or tight watchbands or due to distal radius
fractures or closed reduction. Patients often
report pain and paresthesias along the dorsum of
the distal forearm, thumb, and index finger,
symptoms which can mimic de Quervain stenos-
ing tenosynovitis. While both of these syndromes
may demonstrate pain with ulnar deviation of the
wrist, Wartenberg syndrome pain is typically
present at rest and may have an associated posi-
tive Tinel sign. While electrodiagnostic testing is
often negative in cases of Wartenberg syndrome,
it should be performed as part of a thorough
workup and may be helpful if positive [45].

Muscle, Tendon, and Soft Tissue
Injuries

Flexor Tendons

Digital flexor tendon injuries in the wrist include
lacerations (Fig. 7.15) and less commonly closed
ruptures [46]. Closed ruptures are usually the
result of a series of chronic conditions that result
in weakening of the tendons such as rheumatoid
arthritis, osteoarthritis, scaphoid nonunion,
Kienbock’s disease, hamate hook fractures, non-
healed distal radial fractures, carpal dislocations,
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Fig. 7.15 Flexor tendon laceration. Coronal T2 (a) and
axial T2-weighted fat-suppressed (b) images demonstrate
a traumatic laceration of the flexor pollicis longus tendon

and certain medications including corticoste-
roids, quinolone antibiotics, and aromatase inhib-
itors [47—49]. Rapid hyperextension of a flexed
finger, most frequently seen in football or rugby
players or less commonly following an electrical
injury, can also lead to acute closed ruptures [5].
Drape et al. found MR imaging to be useful in
displaying the zone of rupture, assessing the ten-
don edges, and accurately measuring the gap
between retracted tendon ends [46]. Additionally,
MR imaging can evaluate the integrity of the
adjacent tendons prior to tendon grafting and aid
in locating the retracted tendon edges [50, 51].

Flexor Carpi Radialis

Flexor carpi radialis (FCR) tenosynovitis is often
the result of trauma from either direct injury or
chronic repetitive microtrauma. On clinical eval-
uation, patients often present with pain and crepi-
tus over the FCR tendon just proximal to the
flexor creases of the wrist. MR imaging findings
include thickening of the tendon sheath with
associated hyperintensity on fluid-sensitive
images (Fig. 7.16). As a result of its close prox-
imity to the FCR tendon, median nerve irritation

with surrounding peritendinous edema in a patient who
suffered a penetrating injury

may also occur. MR imaging is useful in diagnos-
ing FCR tenosynovitis as the clinical diagnosis
can be difficult, often mistaken for scaphotrape-
zial joint arthritis, soft tissue ganglion, scaphoid
and radial fractures, and lastly Linburg syndrome
which is often asymptomatic [52, 53].

Flexor Carpi Ulnaris

Flexor carpi ulnaris (FCU) tendinopathy is quite
common and typically results from repetitive ulnar
deviation, such as from repetitive hammering. It
can also result from repetitive high-speed impact
with a ball as seen in racquet sports and golf. On
MR imaging, signs of tendinopathy are increased
signal on T1- and T2-weighted images. In cases
with associated calcific tendinopathy, calcific
deposits will produce “blooming” or susceptibility
artifact on gradient-echo sequences [54].

Extensor Tendons
The abductor pollicis longus (APL) and extensor

pollicis brevis (EPB) tendons comprise the con-
tents of the first extensor compartment which sits
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Fig. 7.16 Tenosynovitis of the FCR with partial tendon
rupture. Axial proton density (a) and coronal fat-
suppressed T2-weighted (b) images show fluid distending

along the dorsolateral aspect of the wrist. These
tendons overlie the radial styloid, are variably
separated by a septum, and are held in place by
the overlying extensor retinaculum. The interven-
ing septum may range from partial to complete,
and it can predispose to the development of de
Quervain tenosynovitis [55]. In one cadaveric
study, up to 40% of studied wrists demonstrated
some degree of septation within the first extensor
compartment [56].

de Quervain tenosynovitis is most commonly
idiopathic; however, other predisposing etiolo-
gies include rheumatoid arthritis, acute traumatic
injuries, and chronic repetitive microtrauma from
radial and ulnar deviation of the wrist. It is related
to shear microtrauma and repetitive gliding of the
abductor pollicis longus and extensor pollicis
brevis tendons over the radial styloid [57].

Most commonly, de Quervain’s tenosynovitis
occurs at the level of or slightly proximal to the
radial styloid. Patients often present with pain
and swelling along the radial aspect of the wrist
which can be reproduced by provocative maneu-
vers such as the Finkelstein test [55]. While the
diagnosis is often made clinically, MR imaging
characteristics typically include first extensor
compartment tendinopathy (ranging from tendon
thickening to split tearing), tenosynovitis, and

the FCR tendon sheath (asterisk) with associated tendon
intrasubstance tearing (arrowheads) at the level of the
scaphoid-trapezium joint

peritendinous edema (Fig. 7.17). MR imaging
can also assess the course of the superficial radial
nerve prior to surgical intervention [58].

Intersection Syndrome

Intersection syndrome is an overuse syndrome
which occurs approximately 4-8 cm proximal to
Lister’s tubercle of the radius where the first
extensor compartment tendons (abductor pollicis
longus and extensor pollicis brevis) cross over
the second extensor compartment tendons (exten-
sor carpi radialis longus and extensor carpi radia-
lis brevis) [59]. Patient’s often present with
radial-sided wrist pain, swelling, tenderness, and
crepitus at the site of crossover [60]. This inflam-
matory process of the second extensor compart-
ment tendons occurs in the setting of chronic
overuse and friction and is commonly associated
with sports-related activities, such as rowing,
canoeing, tennis, horseback riding, and skiing
[61, 62]. Occupations which require repeated
extension and flexion of the wrist can result in
intersection syndrome as seen in individuals who
perform extensive typing [63].

However, intersection syndrome can some-
times be overlooked clinically, and as a result,
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Fig. 7.17 de Quervain’s tenosynovitis. Coronal fat-
suppressed T2-weighted image demonstrates first exten-
sor compartment peritendinous edema, tendon sheath
effusion, and tendon thickening (arrowheads)

MR imaging can significantly aid in making the
correct diagnosis. MR findings include thicken-
ing and interstitial fluid concentrically surround-
ing the first and second extensor compartment
tendons and their tendon sheaths, beginning at
the point of crossover and extending proximally.
These findings are best seen on fluid-sensitive
sequences [64].

Extensor Carpi Ulnaris

The extensor carpi ulnaris (ECU) tendon courses
through the sixth extensor compartment and is
held within the groove of the head of the ulna by
a deep retinaculum. Abnormalities include tendi-
nopathy, tenosynovitis, rupture, subluxation, or
dislocation. The mechanism of injury is believed
to be forced wrist supination and flexion with
ulnar deviation. Tenosynovitis of the ECU is very
common, and this can lead to tendon instability
[65].

ECU subluxation or dislocation typically
results from injury to the ECU tendon subsheath

Fig.7.18 ECU tendon partial tear. Axial fat-suppressed
T2-weighted image shows intrasubstance longitudinal
split tear of the ECU tendon (arrow) with associated peri-
tendinous edema (asterisk) at the level of the ulnar
styloid

in the setting of trauma or rheumatic disease and
may cause ulnar-sided wrist pain. The ECU ten-
don subsheath is an independent layer of connec-
tive tissue underneath the extensor retinaculum
which stabilizes the ECU tendon as discussed in
detail in Chap. 6. ECU tendon dislocation may
result from numerous etiologies including recur-
rent instability, distal forearm fractures with
extensor retinaculum disruption, and posttrau-
matic alteration of biomechanics involving the
DRUIJ [66].

MR imaging appearance of tenosynovitis of
the ECU tendon includes circumferential hyper-
intense T2 signal within the tendon sheath, thick-
ening of the tendon sheath, and peritendinous
edema. With continued stress, the tendon may
degenerate with resultant tendinopathy, tearing,
or a combination of both (Fig. 7.18). Closed,
nonrheumatoid ruptures of the ECU tendon are
rare but have been previously described in tennis
and hockey players [58]
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Congenital
Carpal Coalitions

Epidemiology

Individual carpal bones can be fused either by
osseous, cartilaginous, or fibrous fusion, result-
ing in carpal coalition. Carpal coalitions are rela-
tively common, estimated to occur in 0.1% of the
population [1]. Coalitions involving the same
carpal row are more commonly idiopathic in eti-
ology, while coalitions spanning the proximal
and distal carpal rows are seen in the postinfec-
tious, metabolic, or syndrome-related setting [1,
2]. Idiopathic coalitions are more common in
people of West African descent [1]. Intercarpal
fusion can also be inherited in a dominant pat-
tern. The most common coalition is lunotrique-
tral (Fig. 8.1). Other described coalitions include
capitate-hamate, capitate-trapezoid, scaphotrape-
zial (Fig. 8.2), and scaphoid-lunate. While osse-
ous fusions are typically asymptomatic,
cartilaginous and fibrous coalitions can be pain-
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ful [2]. Biomechanical stresses at the site of
fusion may also become symptomatic [1].

Imaging Features

Several classification systems have been used to
describe carpal coalition. In 1952, Minnaar char-
acterized coalitions as either incomplete with
pseudarthrosis (type I), coalition with a notch of
incomplete division of the two bones (type II),
complete lunotriquetral coalition in isolation
(type III), or complete lunate-triquetral fusion
with other carpal bone coalitions (type 4) [3].
Singh et al. classified intercarpal fusions based
more on morphology, focusing on the shape of
the coalesced bones, the specific site of fusion,
and whether the fusion is non-osseous [4]. The
Burnett classification is simpler, suggesting a
dichotomy of either osseous fusion and non-
osseous fusion to include both synchondrosis
(united by cartilage) and syndesmosis (united by
fibrous tissue) [5]. While the Minnaar classifica-
tion system has been widely used, the Burnett
classification, with its emphasis on osseous ver-
sus non-osseous fusion, likely has more clinical
significance.

Another goal of imaging is to evaluate for
other causes of fusion: postinfectious and post-
inflammatory states can result in ankylosis.
Radiologic studies can be used to evaluate for
such inflammatory arthropathies such as rheuma-
toid arthritis, juvenile idiopathic arthritis, psori-
atic arthritis, and Reiter’s syndrome.
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Fig. 8.1 Lunotriquetral coalition. Coronal T1 (a) and PD
fat-suppressed (b) images show coalition of the lunate (L)
and triquetrum (T). No cleft (white arrows) present mak-
ing this a Minnaar type III coalition. Coalition was inci-

Fig.8.2 Symptomatic scaphotrapezial coalition. Coronal
T1 image (a) shows irregular articulation between the
scaphoid (S) and trapezium (T). Coronal PD fat-

Special MRI Considerations

Magnetic resonance imaging (MRI) is helpful in
the evaluation of intercarpal coalitions by detect-
ing non-osseous fusions including the synchon-
droses and syndesmoses. Osseous fusions will

dentally noted during the evaluation of a scaphoid fracture
with nonunion and avascular necrosis of the proximal pole

()

suppressed image (b) reveals the non-osseous fusion of
the scaphoid and trapezium (white arrows). Bone marrow
edema is present along the margins of the coalition

exhibit uniform or near-uniform marrow signal
across the coalition site. While many coalitions
are asymptomatic, it is proposed that altered bio-
mechanics of the wrist related to increased
motion of the unfused carpal joints may result in
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pain from increased stress or sprains [1]. MRI
can also identify features related to symptoms,
which may manifest as edema-like signal on fluid
bright sequences and subchondral cystic changes.

Variant Lunate Morphology

Epidemiology

Two lunate morphologies are typically described
and are similar in prevalence, with studies citing
frequency of variant morphology as 50-57.5%
[6, 7]. Type I lunate has only one facet at the mid-
carpal joint, while type II lunate has two facets,
with the additional facet articulating with the
hamate (Fig. 8.3) [6]. The associated reactive
changes can be identified in the proximal pole of
the hamate or articulating aspect of the lunate in
the setting of type II lunate morphology [2, 6].

Imaging Features

Radiographs clearly depict the variant osseous
relationships between the lunate and hamate but
will only depict more advanced stages of carti-
lage degeneration with subchondral sclerosis and
osteophyte formation. Variable rates of cartilage

Fig. 8.3 Type II lunate. Coronal T1 (a) and coronal T2
fat-suppressed (b) images depict type II lunate with a
hamatolunate facet (bracket). Hyperintensity across the

damage have been reported as it relates to type II
lunate morphology. Many studies report higher
rates of chondromalacia and hamate marrow
edema associated with the presence of a hama-
tolunate facet. Pfirrmann et al. found that carti-
lage lesions in the proximal pole of the hamate
reached up to 63.6-81.8% with the additional
facet and only 18.2-27.3% with type I morphol-

ogy [7].

Special MRI Considerations

The thin hyaline layers and multiple articulating
surfaces make the articular cartilage of the wrist
particularly difficult to assess on MRI. Past stud-
ies of cartilage defects of the wrist have proven
inadequately sensitive when compared to arthros-
copy [8]. With the increased availability of 3T
magnets as well as the tailoring of sequences and
dedicated wrist coils, evaluation of the wrist car-
tilage is improving. More recent literature
describes good image quality and high perfor-
mance in the evaluation of wrist cartilage on 3T
3D TrueFISP sequences [9]. Results from
research in biochemical and 7T MRI are
promising for the future of wrist cartilage evalua-
tion [10, 11].

articulation as well as subchondral sclerosis and subchon-
dral cystic change of the hamate (*) suggests articular car-
tilage damage
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Accessory Ossicles Additional common ossicles include os epilu-

nate which is dorsal to the lunate (Fig. 8.5), os
Epidemiology triangulare which is positioned distal to the ulnar

Atleast 20 accessory ossicles have been described
in the wrist [2]. These congenital secondary ossi-
fication centers are separate from the traditional
bones of the wrist and should not be mistaken for
fracture fragments or ossific bodies in the absence
of trauma or degeneration. The true incidence of
these ossicles is unclear as they are often mis-
taken for un-united fractures or attributed to post-
traumatic change. The most frequently identified
ossicles of the wrist are seen at a rate of about
1-2% of the population and are discussed in gen-
eral decreasing frequency below (Fig. 8.4).

The [unula can be fused with the distal portion
of the ulnar styloid process or be positioned just
distal to it within the meniscal homologue [2].

The os styloideum, or carpal boss, is located
at the dorsal base of the second or third metacar-
pal and may or may not be fused. In some cases,
this anatomic variant can become symptomatic
due to limitation in hand motion and friction pro-
ducing inflammation of overlying soft tissue
structures. This ossicle can be palpable and may
simulate a dorsal ganglion [2].

Fig. 8.4 Accessory ossicles of the wrist. The wrist has
many accessory ossicles illustrated as red dots by Dr.
Jeremy Jones, Radiopaedia.org, rID: 24102. More com-
mon ossicles specifically discussed in this chapter have
been additionally annotated with superimposed blue dots

fovea, and trapezium secondarium which lies
superomedially to the palmar aspect of the trape-
zium [2].

The os hamuli proprium, or bipartite hamate,
is an ossicle at the site of the hook of the hamate.
This os has been associated with ulnar tunnel
syndrome, and patients with this accessory ossi-
cle have high rates of carpal tunnel syndrome
(CTS), reported as high as 95.2% [12]. It has
been proposed that variations in the hook of the
hamate may decrease the volume of the carpal
tunnel and thus predispose to CTS [12].

Imaging Features

Accessory ossicles will appear well-corticated on
radiographs: distinct from adjacent carpal bones.
Ossicles will appear the same as bone on all MRI
sequences. Although often asymptomatic, acces-
sory ossicles demonstrating edema-like signal on
T2-weighted sequences may be indicative of a
problematic ossicle. Edema-like signal of the sur-
rounding soft tissues or adjacent bones should
increase this suspicion.

Madelung Deformity

Epidemiology

Madelung deformity of the wrist is a rare condi-
tion affecting the distal forearms of individuals in
the first and second decades of life with up to
80% of cases occurring between 11 and 15 years
of age [13]. The deformity can occur in isolation
but is common in Leri-Weill dyschondrosteosis
and has a 4:1 female predominance [14].
Madelung variant deformities can occur in the
setting of Turner syndrome, multiple hereditary
exostoses, and Ollier’s disease or may be post-
traumatic in etiology. Premature closure of the
medial volar distal radial physis results in
increased volar tilt and inclination of the radial
articular surface. In turn, the lunate migrates
proximally, and the relatively longer ulna dis-
places dorsally relative to the carpus producing a
“bayonet” deformity [13, 14]. An injury to the
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Fig. 8.5 Os epilunatum. Coronal T1 image (a) demon-
strating an os epilunatum (white arrow) at the dorsal
aspect of the lunate and capitate articulation. Coronal T2
fat-suppressed image (b) depicts edema-like signal of the

dorsal physis can result in “reverse” Madelung
deformity: causing dorsal tilt of the distal radius.

Imaging Features

Anatomic changes of Madelung deformity are
best seen in their entirety on radiographs of the
wrist and forearm. True congenital Madelung
deformity (Fig. 8.6) and variants including the
“distal radius” variant, “entire radius” variant,
and “reverse” Madelung deformities can be
differentiated by the presence of Vickers liga-
ment, an anomalous radiolunate ligament [14].
Those with Vickers ligament will have a cor-
responding notch at the origin of the ligament
at the distal medial radius. The hypertrophic
ligament tethers the proximal carpal row to the
radius, more commonly at the lunate but occa-
sionally at the triquetrum. Entire radius
Madelung deformity has similar but more pro-
nounced features of distal radius Madelung
deformity including more pronounced radial
bowing and increased radiocapitellar distance.
An injury to the dorsal physis can result in
“reverse” Madelung deformity, causing dorsal
tilt of the distal radius.

Special MRI Considerations
MRI is the modality of choice for identifying
Vickers ligament and distinguishing true

ossicle and surrounding soft tissues (*) consistent with
site of dorsal wrist pain. Coronal T1 VIBE (c¢) depicts the
ossicle (white arrow) as it relates to the distal radius (R),
lunate (L), and capitate (c)

Madelung deformity from variants. MRI can also
detect the physeal bridge of the medial volar phy-
sis. Additionally, MRI is the most sensitive
modality for identifying associated injuries to
ligaments and triangulofibrocartilage (TFCC)
injuries which can occur because of the altered
biomechanics of the deformed wrist. The assess-
ment for posttraumatic etiologies is also aided by
MRI which may show paraphyseal edema from
repetitive microtrauma as would be seen in “gym-
nast wrist.”

Inflammatory/Infection
Carpal Tunnel Syndrome

Epidemiology

Carpal tunnel syndrome (CTS) is a compressive
neuropathy of the median nerve at the level of the
carpal tunnel which affects 0.1-1% of the general
population [15]. It most commonly affects
patients between 30 and 60 years of age and can
be bilateral in up to half of cases. CTS can have
both intrinsic and extrinsic causes including
space-occupying pathologies within the carpal
tunnel, trauma, or abnormalities involving the
median nerve itself.
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Fig.8.6 Madelung deformity. Coronal PD fat-suppressed
image (a) shows increased radial inclination (dashed line)
and proximal migration of the lunate (white arrow). The

Imaging Features

Normal MRI appearance of the median nerve in
the axial plane is round at the level of the distal
radius and elliptical at the level of the pisiform.
The nerve should be T1 isointense to muscle and
mildly T2 hyperintense. The nerve is surrounded
by perineural fat and consists of a fascicular pat-
tern on T1- and T2-weighted sequences. Imaging
features of CTS include palmar bowing of the
flexor retinaculum, increase of the cross-sectional
area of the median nerve by more than 2 mm?
between the level of the hamate and pisiform,
increased T2 signal hyperintensity, and fascicular
swelling. Secondary signs of denervation injury
of the thenar muscles may also be present
(Fig. 8.7) [15].

Special MRI Considerations

In addition to detecting changes to the com-
pressed median nerve, MRI is helpful in deter-
mining the cause of neuropathy. CTS is common
in patients with rheumatoid arthritis, estimated to
occur at a rate of 23% [15]. Most often, symp-

TFCC is also torn (dashed arrow). Coronal PD fat-

suppressed shows Vickers ligament

(arrowheads)

image (b)

toms develop insidiously as a result of flexor
tenosynovitis but may also be a consequence of
severe destructive changes of the carpus. MRI
can be used to characterize synovial hyperplasia
and evaluate for tenosynovitis and early destruc-
tive change.

Infectious tenosynovitis can result in com-
pression of the median nerve by inflammatory
exudates. MRI will exhibit T1-hypointense and
T2-hyperintense fluid distending the tendon
sheath with enhancement of a thickened
synovium following the administration of
gadolinium-based contrast.

In the posttraumatic setting, MRI can help
identify neuromas which may develop as a result
of complete transection or partial injury.
Neuromas are disorganized fibroneuronal tissue
whose bulbous enlargement and T2 heteroge-
neous hyperintensity are attributed to a combina-
tion of fascicles, intralesional hemorrhage, and
fibrosis. Post-contrast enhancement of posttrau-
matic neuromas will also be heterogeneous. They
can be differentiated from peripheral nerve sheath



8 Wrist Pathology: Non-traumatic

157

Axial PD fat-

Fig. 8.7 Carpal tunnel
suppressed image (a) through the level of the distal carpal
tunnel depicts enlarged median nerve with increased fluid
signal and fascicular swelling (bracket). Axial PD fat-

syndrome.

tumor (PNST) by clinical history and absence of
“target sign” often seen in PNST.

It is important to evaluate for the bifid median
nerve, a normal median nerve variant which
bifurcates within or proximal to the carpal tunnel
rather than distal to it. Due to its higher cross-
sectional area, bifid median nerves are more sus-
ceptible to CTS. The bifid nerve is often
associated with a persistent median artery of the
forearm which is easily detected on ultrasound
and MRI and positioned between the two nerve
bundles (Fig. 8.7). Noting this anatomy is impor-
tant before surgical release of the flexor retinacu-
lum to avoid inadvertent injury to the nerve.

Tenosynovitis
de Quervain Tenosynovitis

Epidemiology

de Quervain tenosynovitis (Fig. 8.8) is a chronic
overuse injury of the first compartment of the
wrist resulting in stenosing tenosynovitis of the
extensor pollicis brevis (EPB) and abductor pol-
licis longus (APL). Racquet sports, fishing, golf,
early motherhood, and frequent text messaging
have been associated with this condition charac-
terized by radial-sided wrist pain [16].

Imaging Features
Radiographic features of de Quervain tenosyno-
vitis are nonspecific but include soft tissue swell-

suppressed image (b) through the level of the carpal tun-
nel in another patient presenting with CTS details a bifid
median nerve (arrows) and persistent median artery
(dashed arrow)

ing over the radial styloid and reactive changes of
the subjacent radial styloid seen as periosteal
reaction and erosion. MRI fluid-sensitive
sequences delineate hyperintensity of the first
compartment tendon sheaths with distension by
fluid and inflammatory cells. Tendinopathy of the
EPB and APL tendons may be present, including
tendon thickening or longitudinal split tearing.
Inflammation may extend into the adjacent soft
tissue and osseous structures as edema-like
signal.

Special MRI Considerations

Aside from inflammatory findings, MRI can aid
in the characterization of variant anatomy which
can predispose to de Quervain tenosynovitis as
well as provide prognostic and clinical decision-
making information. The presence of multiple
tendon slips may create increased friction and
predispose to tenosynovitis. More common in the
APL than the EPB, the normal appearance is that
of multiple tendon slips. Knowing this helps dis-
tinguish normal anatomy from longitudinal tears
and guides the appropriateness of surgical inter-
vention [17].

The first extensor compartment can be split
into partial or complete subcompartments by
the presence of a septum. In these cases, the
EPB is typically more severely affected, and
failure to treat both subcompartments may lead
to worse clinical outcomes. The septum is eas-
ier to visualize on ultrasound, but indirect fea-
tures of a septum can be seen on MRI, including
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Fig. 8.8 de Quervain tenosynovitis. Coronal (a) and axial PD fat-suppressed images (b) demonstrating hyperintensity
of the first compartment tendon sheaths (arrowheads). Increased signal within the APL and EPB tendons (white arrow)

asymmetric tendon involvement, presence of a
bony ridge, and a double groove on the radial
floor [17].

Distal Intersection Syndrome

Epidemiology

Distal intersection syndrome (Fig. 8.9) is a less
common extensor compartment inflammatory
condition affecting the second and third dorsal
compartments where the extensor pollicis lon-
gus (EPL) crosses over the extensor carpi radi-
alis longus (ECRL) and extensor carpi radialis
brevis (ECRB) tendons. Intrinsic stenosing
tenosynovitis or compression from the exten-
sor retinaculum may contribute to this inflam-
matory process. Many cases are attributed to
overuse or blunt trauma to the EPL tendon. A
foramen communicates between the tendon
sheaths of these compartments which may
propagate findings of tenosynovitis from one
compartment to the other. This syndrome
should not be confused with intersection syn-
drome or proximal intersection syndrome
involving the first and second extensor com-
partments where their myotendinous junctions
cross in the distal forearm producing radial and
dorsal sided pain 4-6 cm proximal to the wrist
joint.

Fig. 8.9 Distal intersection syndrome. The EPL (white
arrow) begins to cross over the second compartment

(bracket) in the axial PD fat-suppressed image.
Hyperintensity surrounds the tendons of the second com-
partment with increased signal in the EPL

Imaging Features

This entity can clinically present as a mass in the
distal forearm or wrist. Knowledge of the anat-
omy aids in MRI diagnosis. MRI features of dis-
tal intersection syndrome include thickening of
the EPL, ECRL, and ECRB tendons with or with-
out intrasubstance signal changes. Fluid signal
surrounds the tendons at the level of the intersec-
tion and adjacent soft tissues, and osseous struc-
tures may also show increased T2 signal and
edema-like signal.
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Infectious Tenosynovitis

Epidemiology

Most infections of the hand are related to minor
trauma with overlooked or neglected wounds.
Patients who are immunocompromised are more
susceptible, and additional predisposing factors
include diabetes mellitus, peripheral vascular dis-
ease, renal failure, intravenous drug use, alcohol
consumption, steroids, and arthritis [18]. Infections
of the hand and wrist are capable of spreading eas-
ily via flexor and extensor tendon sheaths. Common
organisms affecting the flexor and extensor tendons
are Mycobacterium tuberculosis, atypical myco-
bacterium or nontuberculous mycobacteria (NTM),
and pyogenic bacteria (Staphylococcus and
Streptococcus) [15]. Timely diagnosis of infectious
flexor tenosynovitis is imperative to prevent signifi-
cant spread related to the common tendon sheath.
Neurovascular compromise can also occur.

Imaging Features

Fluid-sensitive sequences show high-signal-
intensity fluid and inflammatory cell distension
of tendon sheaths (Figs. 8.10 and 8.11). Flexor
tendon tenosynovitis can spread from tendon
sheaths of the thumb into the radial bursa or from
small finger tendon sheaths into the ulnar bursa.
Infection can also spread into the space of Parona,

a potential space deep to the flexor tendons
described in Chap. 6 and from one bursa to the
other resulting in a “horseshoe” abscess.

Special MRI Considerations

Although there are a variety of pathogens that
can cause infectious tenosynovitis, many of the
imaging features are similar.

MRI features of tuberculous tenosynovitis will
often be nonspecific for the pathogen and may
mimic inflammatory arthropathies, pigmented
villonodular synovitis, gout, or tumor. However,
some imaging findings may point toward tubercu-
lous infection. In contrast to more common teno-
synovial infections, tuberculous tenosynovitis
demonstrates  hypointense ~ synovium  on
T2-weighted images in 40% of cases suggestive
of granuloma [19]. Foci of hypointense T2 and
T2* signal may also be present within the syno-
vial fluid and may indicate debris or rice bodies
[19]. These foci will also not enhance following
gadolinium contrast administration.

Septic Arthritis

Epidemiology
Septic arthritis (Fig. 8.12) is most commonly
caused by penetrating injury but may also result

Fig. 8.10 Infectious tenosynovitis in intravenous drug
use. Axial PD fat-suppressed image (a) shows hyperin-
tense distension of multiple flexor tendon sheaths
(bracket). Axial T1 fat-suppressed and contrast-enhanced

image (b) demonstrates enhancing synovium (white
arrow) and enhancing subcutaneous edema (*), a feature
of cellulitis
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Fig. 8.11 Sporotrichosis tenosynovitis. Axial STIR
image (a) depicts hyperintense distension of the extensor
tendon sheaths (bracket) and compressive neuropathy of
the median nerve with increased nerve caliber (arrow-

Fig. 8.12 Septic arthritis in the postoperative wrist.
Coronal T1 image (a) shows osseous erosion (circle) and
T1 marrow hypointensity of the capitate and hamate
(arrow) consistent with osteomyelitis. Foci of signal loss
are consistent with prior surgical intervention (scapholu-
nate ligament reconstruction) and/or with the presence of

from contiguous spread of infection from an
adjacent structure. The prompt and accurate diag-
nosis of septic arthritis is important to prevent
cartilage damage and joint destruction.

head). Contrast-enhanced T1 fat-suppressed image (b)
shows bowing of the flexor retinaculum (dashed line) and
enhancement of the synovium (white arrow)

gas-forming organism. The scaphoid and lunate are frag-
mented and sclerotic from prior avascular necrosis and
advanced osteoarthritis. Post-contrast-enhanced coronal
T1 image (b) highlights joint effusion with synovial
enhancement (dashed arrows)

Imaging Features

Radiographs of the septic joint will reveal joint
effusion, bone erosions, periostitis, and periar-
ticular soft tissue swelling. Joint space narrowing
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may also be present but occurs later in the disease
process. On MRI, fluid-sensitive sequences will
reveal hyperintense joint distension. Following
the administration of gadolinium contrast, post-
contrast image will show synovial enhancement
and may help differentiate rim-enhancing soft
tissue abscesses from adjacent cellulitis.

Special MRI Considerations

MRI is the most sensitive modality for the early
detection of osteomyelitis. If soft tissue infection
or abscess contacts the bone, careful scrutiny of
the cortex may reveal periosteal thickening as
would be seen in reactive periostitis. Cortical
changes and erosions in conjunction with subja-
cent loss of normal T1 marrow signal are con-
cerning for osteomyelitis.

Arthritis
Rheumatoid Arthritis

Epidemiology

Rheumatoid arthritis (RA) (Fig. 8.13) is a sys-
temic rheumatologic disease estimated to affect
1% of the population [20]. Inflammatory changes
typically affect the hands first with the peak inci-
dence in the fourth and fifth decades.

Imaging Features
Classic radiographic features of rheumatoid
arthritis include symmetric joint involvement,

“bare area” erosions, periarticular osteopenia,
and concentric joint space narrowing. RA has a
predilection for the ulnar styloid. MRI is the most
sensitive modality for detecting early erosive
changes of rheumatoid arthritis. It also clearly
depicts other features of rheumatoid arthritis
including joint effusions, early erosions, synovial
pannus, and soft tissue and osseous edema-like
signal. Not only is MRI sensitive in detection, but
also it aids in assessing disease activity which is
necessary for disease management.

Synovitis is the earliest abnormality to appear
in RA and has intermediate to low T1 signal, high
T2 signal, enhancement, and increased synovial
volume. Joint effusion can be differentiated from
synovitis by using heavily T2-weighted sequences
or T1 post-contrast images. Fibrotic pannus
appears in later stage RA and will be hypointense
on T2-weighted sequences.

Although nonspecific, bone marrow edema is
considered to be an early marker of inflammation
and is commonly reported in RA.

Erosions are defined as sharply marginated
juxtaarticular bone lesions with associated corti-
cal loss. Erosions will demonstrate loss of normal
T1 marrow hyperintensity and hyperintensity of
T2-weighted and STIR images. Erosions will
also enhance following administration of gado-
linium contrast — a feature which helps differenti-
ate them from fluid-filled cystic lesions.

As discussed earlier, distinguishing etiolo-
gies for tenosynovitis can be difficult. RA typi-
cally affects the dorsal compartments, most

Fig. 8.13 Rheumatoid arthritis. Axial T2 fat-suppressed
image (a) shows large volume of tenosynovium in the dor-
sal compartments (*). Axial T2 fat-suppressed image (b)
demonstrates ECU tendinosis (white arrow) and erosion

of the ulnar styloid (arrowhead). Coronal STIR image (c)
depicts flexor tenosynovitis (dashed arrow) and distal
radioulnar joint effusion (bracket)



162

A. M. Crawford et al.

frequently involving the extensor carpi ulnaris
(ECU).

Special MRI Considerations

Although RA typically affects both hands, it is
recommended to image the more symptomatic
side not only to be more sensitive but also to save
time. The Outcomes Measures in Rheumatoid
Arthritis Clinical Trials (OMERACT) MR imag-
ing study group recommends imaging in at least
two planes (preferably coronal and axial),
T1-weighted imaging before and after gadolin-
ium contrast (fat suppression preferred following
contrast), and a fat-suppressed T2-weighted or
STIR sequence [21]. Contrast may be withheld if
osseous changes alone are important.

Psoriatic Arthritis

Epidemiology

Psoriatic arthritis (Fig. 8.14) is a seronegative
spondyloarthropathy that has a prevalence of
approximately 0.5% but affects approximately
25% of those with psoriasis. Psoriatic arthritis
most commonly affects the hand. In contrast to
RA, psoriatic arthritis can affect any small hand
joint as a monoarthritis or oligoarthritis.

Imaging Features

Isolated tenosynovitis with synovitis or soft tis-
sue inflammation results in dactylitis or “sausage
digit” which may be the first clinical findings.
Flexor tendon involvement is more common than
extensor, and several fingers can be involved
simultaneously. Although the synovitis of RA
and psoriatic arthritis are difficult to distinguish
from one another, psoriatic arthritis causes an
inflammation of the periosteum which creates a
characteristic periostitis. More advanced psori-
atic arthritis can present with more aggressive
disruption of the cortex, “pencil-in-cup” defor-
mities to the distal interphalangeal joints, and
inflammatory changes of underlying cancellous
bone.

Special MRI Considerations

Dynamic contrast-enhanced studies have been
shown to highlight active versus chronic inactive
inflammation in psoriatic arthritis [22]. The
hyperemia of active inflammation will enhance
earlier, while delayed enhancement is more
likely in fibrotic synovial thickening. Dynamic
contrast evaluation may also help in differentiat-
ing RA from psoriatic arthritis with more abrupt
washout described in psoriatic arthritis. A
dynamic contrast-enhanced protocol described

Fig. 8.14 Oligoarticular psoriatic arthritis. Coronal T1
fat-suppressed and contrast-enhanced image (a) depicts
enhancing synovitis (white arrow). There is cortical dis-

ruption of the scaphoid with edema-like signal of the bone
(*). Axial PD fat-suppressed image (b) reveals tenosyno-
vitis of both the FCR and ECRL (dashed arrows)
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by Schwenzer et al. [23] utilizes a 3D encoded
spoiled gradient-echo sequence to measure con-
trast medium uptake in the synovial tissue to cal-
culate relative enhancement rates at 35 seconds,
52 seconds, 3 minutes, and 15 minutes.
Observations at 15 minutes are statistically sig-
nificant for decreased relative enhancement in

psoriatic  arthritis relative to rheumatoid
arthritis.

Gout

Epidemiology

The incidence of gout (Fig. 8.15) has increased in
recent history with a prevalence of approximately
4% in the United States. Deposition of monoso-
dium urate (MSU) crystals in the joints and soft
tissues triggers an inflammatory response caus-
ing soft tissue and bone changes.

Imaging Features
Features of gouty arthropathy include joint effu-
sion, eccentric “punched-out” erosions with scle-

!

Fig. 8.15 Gout. Coronal PD fat-suppressed image illus-
trates heterogeneously intense joint effusion (white
arrows) and small cortical erosions (arrowheads).
Incidental note is made of type II lunate morphology and
associated cartilage loss

rotic margins, and overhanging edges.
Surrounding soft tissues may contain tophi,
mass-like deposits of MSU. Although MRI is
sensitive for early soft tissue and osseous abnor-
malities, it is less specific than dual-energy com-
puted tomography (DECT). In addition to
detecting osseous erosions, newer CT techno-
logic advances have allowed for the specific
detection of uric acid by exploiting the photon
energy-dependent attenuation. DECT software
can directly quantify the MSU volume and dem-
onstrate responses to therapy on follow-up scans
[24].

Special MRI Considerations

Features of gout on MRI can be variable. Tophi
are hypointense on T1-weighted images and have
heterogeneous hyperintensity with T2-weighted
and fluid-sensitive sequences. Following the
administration of gadolinium contrast, tophi can
uniformly enhance or be centrally non-enhancing.
The erosions of infection can mimic gout; how-
ever, the presence of associated soft tissue ulcer-
ation supports infection.

Calcium Pyrophosphate Dihydrate
Deposition Disease (CPPD)

Epidemiology

The prevalence of CPPD is high and increases
with age reaching up to 25% of patients aged 85
and older [25]. CPPD can progress to a destruc-
tive arthropathy with many features in common
with osteoarthritis (Fig. 8.16).

Imaging Features

CPPD and osteoarthritis can have a similar
appearance. In distinction to osteoarthritis,
CPPD tends to be more symmetric and is more
likely to involve non-weight-bearing joints.
CPPD is also notable for prominent subchon-
dral cystic changes. On radiographs, chondro-
calcinosis will commonly be present at the
triangular fibrocartilage complex and lunotri-
quetral ligaments.
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Fig. 8.16 CPPD with SLAC wrist. Coronal T1 images
(a) reveals widened scapholunate interval seen with
scapholunate tear (white arrow) as well as proximal
migration of the capitate. Coronal PD fat-suppressed

Special MRI Considerations

An interesting feature of CPPD is the frequently
comorbid SLAC (scapholunate advanced col-
lapse) wrist. Pyrophosphate deposition in the
scapholunate ligament leads to ligamentous lax-
ity and eventual disruption. As the capitate
migrates proximally, osteoarthritis develops first
at the radioscaphoid articulation and then the
capitolunate articulation. Other features of
CPPD, such as subchondral cysts, are also well
characterized on MRI. The TFCC and lunotriqu-
etral mineralization may also be detected on
MRI.

Hemophilia

Epidemiology

Hemophilia (Fig. 8.17) is a rare inherited bleed-
ing disorder in which approximately half of
patients suffer from hemophilic arthropathy.
Recurrent intra-articular hemorrhage results in
iron deposition stimulating synovitis and causing
progressive cartilage and subchondral bone
damage.

image (b) demonstrates cartilage damage of the
radioscaphoid articulation (dashed arrow) as well as large
subchondral cysts of the distal radius (*) and capitate

Imaging Features

As joints will often be affected at an early age,
radiographs may demonstrate epiphyseal enlarge-
ment related to hyperemia. Additional radio-
graphic features reflect secondary degenerative
changes including osteophytes, subchondral scle-
rosis, and subchondral cysts. MRI is the most
sensitive modality for assessing articular and
periarticular structural damage related to hemo-
philic arthropathy. MR depicts synovial hypertro-
phy as well as signs of occult bleeding and
hemosiderin deposits. In earlier stages of the dis-
ease, with only few episodes of intra-articular
hemorrhage, changes may be difficult to detect.
As the disease recurs, periarticular erosions and
subchondral cysts will form.

Special MRI Considerations

MRI specific to assessing hemophilic arthropathy
may be tailored to detect small foci of hemosiderin
deposition. One may consider adding gradient-
echo (GRE) sequences to highlight susceptibility
artifact from these deposits. The same deposits
will similarly degrade evaluation of the synovium
and cartilage, and standard pulse sequences such
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Fig.8.17 Hemophilic arthropathy. Coronal T1 (a) shows
focal areas of cortical erosion and cartilage destruction
involving the radial aspect of the lunate and central articu-
lar surface of the radius (white arrow). Coronal T2 fat-

as T1, T2, and PD are recommended as they do
not depend on T2* relaxation time and can over-
come blooming artifact seen on GRE sequences.

Benign Osseous Lesions
Intraosseous Ganglion Cysts

Epidemiology

Intraosseous ganglion cysts are benign bone pro-
cesses with similar internal mucoid viscous con-
tents to synovial cysts and lack a synovial or
epithelial lining in contrast to synovial cysts Peak
incidence is in the fourth and fifth decades of life
with a small male predominance. These lesions
have a tendency for the long bones of the lower

suppressed image (b) depicts heterogeneous joint effusion
and extensive synovitis (¥). Axial PD fat-suppressed
image (c) illustrates complete disruption of the scapholu-
nate ligament (arrowheads)

extremity and proximal carpal bones. An intraos-
seous ganglion is distinct from subchondral cystic
changes seen with degenerative joint disease.
Subchondral cystic changes are often due to over-
lying high-grade articular cartilage loss and are
frequently seen in conjunction with joint space
narrowing and osteophyte formation. Intraosseous
ganglion cysts are not seen in association with
degenerative joint disease. However, the majority
of literature on the pathophysiology of this entity
suggests a potential fine articular communication.

Imaging Features

On radiography, intraosseous ganglion cysts
appear as a well-defined lucent lesion near a
joint, mostly small (1-2 cm), and without aggres-
sive features.
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Fig. 8.18 Intraosseous ganglion cyst. Axial PD fat-
suppressed image (a) of the wrist shows a well-
circumscribed fluid intensity structure (white arrow)
within the radial aspect of the lunate (L). Coronal T2 fat-
suppressed image of the wrist (b) depicts the lunate

Special MRI Considerations

Intraosseous ganglion cysts are often seen as uni-
locular Tl1-hypointense and T2-hyperintense
structures within the carpal bones. These struc-
tures often demonstrate a thin sclerotic rim and
do not enhance on gadolinium-enhanced
sequences. When enhancement is present, it is in
the form of thin and peripheral without nodular
or mass-like enhancement. Intraosseous ganglion
cysts are often away from the articular surface.
When these structures are subchondral, overlying
degenerative changes are absent (Fig. 8.18).

Enchondroma

Epidemiology

Enchondromas are most common within the hands
and feet (phalanges, metacarpals, and metatar-
sals). These benign neoplasms are less frequently
found in the carpus [26]. Of the 110 cases of hand
enchondromas reported by Takigawa et al., only
two cases involved the carpal bones — the scaphoid
and the lunate [27]. Emecheta et al. reported only
3 enchondromas in a series of 86 treated carpal
lesions [28]. The scaphoid is the most common
location for carpal enchondromas and is often
asymptomatic unless a pathologic fracture occurs

intraosseous ganglion cyst, communicating with the
scapholunate interval (arrowhead). The scaphoid bone (S)
is annotated for orientation. Note the lack of osteophytes
and joint space narrowing that would be seen with a sub-
chondral cyst

[29, 30]. Malignant transformation of carpal
enchondromas has not been reported.

Imaging Features

Enchondromas of the carpus are similar in appear-
ance on radiography to enchondromas of the meta-
carpals and phalanges. These lesions are
intramedullary, mildly expansile, and do not reveal
significant matrix mineralization unlike enchondro-
mas within larger tubular bones. They may have mild
endosteal scalloping but have no aggressive features.

Special MRI Considerations

On MRI, enchondromas are well-circumscribed
and somewhat lobulated intramedullary lesions.
Carpal enchondromas demonstrate low to inter-
mediate T1 and high T2 signal. Aggressive fea-
tures such as periosteal reaction and associated
soft tissue mass are not seen. These lesions have
variable enhancement patterns but predominantly
exhibit peripheral thin enhancement.

Osteoid Osteoma
Epidemiology

Carpal bones are involved in only 2% of cases of
osteoid osteoma. The scaphoid and capitate are
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the most frequent sites of involvement in the car-
pus. There is a male predominance and patients
are often in their second and third decades of life
[31]. Clinical presentation is very typical with
pain, worse at night.

Imaging Features

Radiography can reveal a lucent nidus, occasion-
ally with a central sclerotic focus of mineralized
osteoid. The nidus is surrounded by reactive scle-
rosis. These findings are exceptionally hard to see
on wrist radiography due to superimposition of
structures and small bone size. Thin-slice CT uti-
lizing bone algorithm best reveals the lucent cen-
tral nidus with associated osseous sclerosis and
benign periosteal reaction to better advantage
than radiography or MRI. Bone scan imaging will
reveal a central focus of marked increased uptake
(nidus) in a background of increased activity [32].

Special MRI Considerations

MRI findings of osteoid osteoma can be con-
founding due to the degree of marrow edema that
often accompanies these lesions; however, it is
the most sensitive modality in detecting osteoid
osteomas [33]. Commonly, a demarcated nidus
of hypointense signal surrounded by edema is
seen on fluid-sensitive sequences. Dynamic
gadolinium-enhanced sequences show peak
enhancement in arterial phase with early partial
washout in the majority of cases. Liu et al. con-
cluded that osteoid osteomas can be imaged with
greater conspicuity by using dynamic gadolinium-
enhanced sequences compared to non-contrast-
enhanced MRI and with equal to improved
conspicuity compared to thin-section CT [34].
Rarely is this technique necessary for
evaluation.

Aggressive Osseous Lesions
Giant Cell Tumor of Bone

Epidemiology

Giant cell tumor of bone (GCTOB) is a benign,
locally aggressive primary bone tumor. The distal
radius accounts for 10-12% of cases with the

remainder of the wrist bones rarely affected.
GCTOB most often occurs in skeletally mature
patients between the ages of 20 and 40 years old
with a slight female predominance [35].

Imaging Features
When GCTOB occurs in the wrist, it is often cen-
trally located, in contradistinction to elsewhere in
the skeleton where it is eccentric in location.
GCTOB occurs near an articular surface and
exhibits a geographic lucent appearance with a
narrow zone of transition but lacks a sclerotic
margin. This absence of a sclerotic border distin-
guishes GCTOB from intraosseous ganglion.
Thinning of the cortex and expansile remodeling
of bone are also common radiographic features.
The utility of CT in evaluation of these lesions
is limited to evaluation of matrix. GCTOB will
not have a mineralized matrix. While CT
improves delineation of cortical thinning, perios-
teal reaction, and pathologic fractures, these find-
ings are well shown with MRI [35-38].

Special MRI Considerations

MRI demonstrates a hypointense rim and T1/T2
predominantly  isointense-hypointense  solid
components. Giant cell tumors are characteristic
on MRI because of the low T1 and T2 signal due
to the presence of hemosiderin. This imaging
characteristic distinguishes GCTOB from other
pathologic lesions. Fluid-fluid levels as can be
seen in aneurysmal bone cysts may also occur
within GCTOB. Often, when ABC components
predominate, the solid part of the tumor is located
peripherally [38]. Solid versus cystic component
detection is aided by the use of contrast and is
important to avoid misdiagnosis and to direct
biopsy. While the cystic components may have
thin, wispy peripheral enhancement, the solid
sections diffusely enhance, reflecting hypervas-
cularity seen on pathology (Fig. 8.19).

Soft Tissue Lesions

Soft tissue sarcomas predominantly occur in the
extremities; however, these tumors comprise
only 1% of all cancers [39]. It is estimated that
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Fig.8.19 Giant cell tumor of bone. Coronal T1 image (a)
shows cortical thinning both medially and laterally
(arrows). Note low signal elements on T1-weighted imag-
ing. Coronal T2 fat-suppressed image (b) shows a subar-
ticular, expansile, heterogeneously isointense to

less than 1% of upper limb tumors occur in the
wrist and hand [39]. Rarity of these tumors results
in scarce literature describing their imaging find-
ings. Additionally, it has been demonstrated that
approximately 41% of soft tissue sarcomas of the
hand/wrist were initially excised under the
assumption that they were not malignant [40].
This disappointing statistic stresses that most
atypical hand/wrist tumors do not undergo appro-
priate investigation via imaging and pathologic
sampling prior to excision. More accurate identi-
fication can result in proper treatment and surgi-
cal excision when appropriate.

Benign Soft Tissue Lesions

Synovial Cysts

Synovial cysts are the most common benign soft
tissue lesions encountered in the wrist [41].
Although the exact mechanism of cyst formation
is unknown, it is widely speculated that extra-
articular mucin droplets coalesce to form the
main body of the cyst. Thereafter, the “cyst wall”
and stalk connecting the cyst to a nearby synovial
joint are formed [42]. In the majority of cases,

predominantly low signal intramedullary lesion within the
distal radius (arrowheads). Coronal T1 fat-suppressed
post-contrast image (c) illustrates heterogeneous enhance-
ment (arrow)

these cysts occur spontaneously and gradually
over time increase in size; however, 15% of
patients describe a chronological relationship
between the appearance of the cyst and an injury
[41, 43, 44]. The clinical course of these cysts is
unpredictable and variable as they can appear and
disappear spontaneously. Synovial cysts are lined
with synovium as extensions of the joint.
Ganglion cysts do not have a synovial lining.
Clinicians, including radiologists, often use the
terms interchangeably. Ganglion cysts are typi-
cally located along tendon sheaths, whereas the
synovial cysts often arise from a joint.

Epidemiology

Wrist synovial cysts are commonly encountered
in young adults between the ages of 20 and
40 years. There is a 2:1 female to male ratio and
both wrists are equally affected. 60—70% of wrist
synovial cysts are dorsally located. Dorsal wrist
cysts often communicated with the scapholunate
joint and communicate with a region of dorsal
scapholunate ligament degeneration [41, 45, 46].
Less commonly, these cysts may arise from the
pisotriquetral articulation or be seen within the
floor of the carpal tunnel. Carpal tunnel floor
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cysts often originate from the scaphotrapezio-
trapezoid joint, but any carpometacarpal joint
may give rise to these cysts.

Imaging Features
Palpable cysts are best evaluated with ultrasound
initially. Radiographs can be helpful in depiction
of foci of mineralization, alluding to internal cal-
cification or phleboliths. On ultrasound, a cyst is
well-circumscribed and anechoic with posterior
acoustic enhancement and possible thin internal
septations or fine internal echoes. Cysts can be
multi-loculated and their stalk may be seen
extending to a synovial joint. On color Doppler
imaging, simple cyst walls usually do not contain
low. Thick-walled cysts may appear as solid
lesions when excessively applied pressure with
the ultrasound probe results in cyst collapse,
especially because these cysts’ walls often dem-
onstrate flow on color Doppler evaluation. Care
must be taken to apply the least amount of pres-
sure when evaluating cysts with ultrasound.
Occult dorsal cysts of the hand and wrist often
present with pain. These cysts are best evaluated
with ultrasound or MRI. When ulnar or median
nerve symptoms are encountered, MRI may be
superior in evaluation of neuropathy. Carpal floor
cysts may be harder to evaluate by ultrasound due
to shadowing caused by multiple osseous promi-
nences in the carpus.

Special MRI Considerations

MRI is utilized in the radiologic evaluation of
synovial cysts when atypical imaging features are
expected or encountered on ultrasound or radio-
graphic imaging. On MRI, a typical synovial cyst
shows low T1 signal compared to skeletal muscle
and fluid-like T2 signal intensity. It can contain
thin septations and its wall should be barely per-
ceptible on T2 imaging. Due to the ability to
image with thin-slice thickness, cyst walls are
often better visualized on 3D steady-state free
precession (SSFP) or fast imaging employing
steady-state acquisition (FIESTA) with thin,
1 mm, slice thickness. Additionally, these thin-
slice sequences can depict the cyst stalk well. On
gadolinium-enhanced sequences, thin peripheral
enhancement is often visualized except in small

cysts where global enhancement is often encoun-
tered due to difficulty in separating the internal
fluid component (Fig. 8.20).

Synovial cysts that are not dorsal in the hand
and wrist tend to have a more variable course and
origin and thus may benefit from further radio-
logic evaluation with MR imaging. Additionally,
when there is doubt as to whether a cyst is sim-
ple, MRI with IV contrast can be obtained.
Hemorrhagic cysts can have a variable MR
appearance on T1- (possibly with intrinsic T1
hyperintense signal) and T2 (often heteroge-
neously hyperintense)-weighted imaging. In
some cases, hemorrhagic cysts contain a fluid-
fluid level. Gradient-echo (GRE) T2-weighted
imaging can aid in the depiction of hemosiderin
deposits by taking advantage of magnetic suscep-
tibility. Contrast-enhanced T1 nonfat-suppressed
sequences to allow for subtraction postprocess-
ing are invaluable in evaluation of hemorrhagic
cysts as these cysts may contain intrinsic T1
hyperintense signal. Ruptured cysts can also pose
a diagnostic dilemma on initial radiologic evalu-
ation. MRI will more readily show pericapsular
infiltration of non-enhancing fluid. The partially
collapsed cyst may exhibit thin enhancement due
to the apposition of its walls. Thick-walled cysts
were found in 27% of cases in an ultrasound
study by Teefey et al. [47]. These cysts are often
painful and may benefit from therapeutic
injection.

According to Freire et al., the majority of dor-
sal wrist cysts are not associated with scapholu-
nate ligament tears and even when the ligament is
abnormal intraligamentous cysts are rarely found
[48]. Opinions in this regard vary, and some
authors have found correlation between these
cysts and scapholunate ligament instability. The
presence of a cyst warrants close inspection of
the scapholunate ligament.

Lipomas

Epidemiology

Lipomas account for approximately one-half of
all soft tissue tumors and are the most common
subcutaneous neoplasm [49]. The vast majority
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Fig. 8.20 Synovial cysts of the wrist. Axial PD fat-
suppressed image (a) shows a dorsal synovial cyst (arrow).
Axial PD fat-suppressed image (b) demonstrates a volar
synovial cyst (arrow) in communication with the radiocar-

of lipomas are benign. These lesions most com-
monly occur in the fifth to seventh decades of life
and are more common in obese patients [49].
Lipomas are broadly categorized as superficial
versus deep with superficial lipomas being sub-
cutaneous in location and often less than 5 cm in
size. Deep lipomas are located beneath the super-
ficial fascia and are intramuscular or, less often,
intermuscular [50, 51]. Deep lipomas of the
extremities are larger than their superficial coun-
terparts; thus, the term infiltrating lipoma has
been applied to these lesions [52].

Imaging Features

Small lipomas may not be easily identifiable on
radiography, but large lipomas can be seen as
well-defined, uniformly radiolucent mass-like
structures within the soft tissues without subja-
cent osseous abnormalities. On sonography, lipo-

pal joint (arrowhead). Axial PD fat-suppressed image (c)
depicts a ruptured dorsal carpal synovial cyst with ill-
defined fluid signal (arrow)

mas are well-circumscribed, hyperechoic
structures that may or may not have internal sep-
tae. Lipomas are without posterior acoustic
enhancement and may have slight heterogeneity.
The thin capsule may be difficult to identify on
sonography. CT demonstrates well-defined
homogenous adipose tissue with Hounsfield unit
measurements reflecting fat content (—65 to
—120) [53]. Lipomas commonly contain thin,
<2 mm, septae on CT and MR imaging (37-49%
of cases) [53—-57]. When areas of mineralization
within a lipomatous lesion are encountered, a
well-differentiated liposarcoma/atypical lipoma-
tous tumor should be considered [49].

Special MRI Considerations

On MR imaging, lipomas show isointense signal
relative to subcutaneous fat, regardless of pulse
sequence. The thin fibrous capsule often exhibits
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Fig. 8.21 Deep lipoma. Coronal T1 nonfat-suppressed
image (a) depicts intrinsic T1 hyperintense signal within
the mass without nodular or septal hypointense regions
(arrows). Axial PD fat-suppressed image (b) shows a PD

hypointense signal on all pulse sequences and
thin enhancement after contrast. It is important to
note contrast is not necessary to make this diag-
nosis. Thin septae within lipomas often do not
enhance. The capsule is not seen in intramuscular
lesions. Additionally, intramuscular lesions may
demonstrate irregular margins due to interdigita-
tion with surrounding muscle (Fig. 8.21).
Subcutaneous lesions without a distinct capsule
are termed nonencapsulated lipomas and are dif-
ficult to detect on MR imaging [58]. Skin mark-
ers placed on the margins of the palpable
abnormality may aid diagnosis in these cases.

Pigmented Villonodular Synovitis

Epidemiology

Pigmented villonodular synovitis (PVNS) is an
uncommon metaplastic process involving the
synovium characterized by hemosiderin deposi-
tion [59, 60]. The World Health Organization
nomenclature designates localized giant cell
tumor of the tendon sheath (L-GCTTS) for pig-
mented villonodular bursitis and pigmented vil-
lonodular tenosynovitis [59, 60]. L-GCTTS
primarily occurs in the tendon sheaths of the
hand and foot and demonstrates more delineated
margins, whereas diffuse giant cell tumor of the
tendon sheath (D-GCTTS) commonly occurs in
the larger joints, has a more irregular multinodu-

hypointense to skeletal muscle mass in the volar distal
forearm, insinuating between musculature (arrows). Axial
T1 fat-suppressed image (c¢) exhibits no thick septal or
nodular enhancement

lar growth pattern, and may recur. It is important
to be sure the entire joint has been evaluated as
small foci of D-PVNS will lead to persistence of
pathology.

PVNS has an estimated annual occurrence of
9.2 and 1.8 cases per one million population for
the extra-articular and intra-articular forms,
respectively. L-GCTTS is the most common
form (Fig. 8.22). Patients are commonly in the
third to fifth decades of life at diagnosis.
L-GCTTS has a mild female predilection, while
D-GCTTS has an equal occurrence in both sexes
(Fig. 8.23) [61-63]. Lesions are almost always
monoarticular and solitary without association
with other disorders [64]. GCTTS most com-
monly involves the hand or wrist (65-89% of
cases) and is second only to synovial cysts in
incidence of masses presenting in the hand/
wrist. The volar hand/wrist is affected twice as
often as dorsal, in contrast to synovial cysts in
this location [61, 64].

Imaging Features

Radiography has a limited role in the diagnosis of
PVNS in the wrist. If mineralization is present on
X-ray, GCTTS is not a clinical consideration.
Calcifications may be present in the setting of
recurrence. Periosteal reaction may occur and is
reported in less than 10% of cases. In the upper
extremity, pressure erosions of the osseous struc-
tures are uncommon.
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Fig. 8.22 L-GCTTS. Coronal T1 nonfat-suppressed
image (a) shows T1 isointense mass (arrows) arising from
the second extensor compartment of the wrist and abutting
the extensor carpi radialis longus tendon (arrowheads).
Coronal T2 fat-suppressed image (b) shows homogeneous

Special MRI Considerations

Almost all focal forms of PVNS are well-
circumscribed and have isointense T1 and
hypointense T2 signal. Small scattered foci and/
or capsules of hypointensity are extremely com-
mon both on T1- and T2-weighted sequences due
to the presence of hemosiderin deposits. Similar
findings are seen with the more diffuse forms of
PVNS:; however, these entities are often not well-
circumscribed. Hemosiderin deposits within
these lesions result on blooming on GRE
sequence which can be a helpful addition to the
protocol in suspected cases. Contrast is not
required for the diagnosis as the presence of
hemosiderin and the imaging appearance are
pathognomonic for this lesion. Should contrast
be given, these lesions predominantly demon-
strate homogeneous enhancement; however, a
minority can have heterogeneous enhancement
patterns.

Benign Neurogenic Tumors
Benign neurogenic tumors of the wrist include
traumatic neuroma, neural fibrolipoma, nerve

iso-slightly hyperintense signal relative to skeletal mus-
cle. Note the punctate low signal elements within the mass
representing the presence of hemosiderin. Coronal T1 fat-
suppressed post-contrast image (c) depicts homogeneous
mild enhancement of the mass

sheath ganglion, and benign peripheral nerve
sheath tumors (PNSTs) which include schwanno-
mas and neurofibromas. Nerve sheath ganglions
will not be discussed given their relative rarity in
the upper extremity.

Traumatic Neuromas

Traumatic neuromas are a result of nonneoplas-
tic proliferation of the proximal end of a sev-
ered or injured nerve. This entity essentially
consists of a tangled, multidirectional, regener-
ating axonal mass and can arise 1-12 months
after transection or injury and have no malig-
nant potential [65]. Although the most frequent
site is the lower extremity, traumatic neuromas
can occur along the course of any injured nerve.
In the wrist, this phenomenon is most com-
monly seen with the radial nerve [66, 67]. These
lesions are best depicted on MRI and typically
have T1 isointense and T2 hyperintense signal
to skeletal muscle. Heterogeneous signal is
thought to be related to histologic morphology
of nerve fascicles, often termed “fascicular
sign” [64, 65].
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Fig. 8.23 D-GCTTS. Axial T2 fat-suppressed (a), axial
T1 fat-suppressed post-contrast (b), and coronal T1 fat-
suppressed post-contrast (¢) images demonstrate large
slightly heterogeneous T2 signal intra-articular mass

Neural Fibrolipoma

Epidemiology

Also known as fibrolipomatous hamartoma of the
nerve, the exact cause of these lesions is unknown,
but hypertrophy of mature fat and fibroblasts in
the epineurium has been postulated. Patients are
usually younger than 30 years of age without sex
preference or familial predilection [68]. The
upper extremity and particularly the median
nerve are most commonly affected with 78-96%
of neural fibrolipoma cases located in the upper
extremity, and 85% of those cases studied by
Silverman and Enzinger involved the median
nerve [68]. In 27-67% of patients, macrodactyly
is seen in association with neural fibrolipoma,

within the distal carpal row (arrows). Thin linear hypoin-
tense signal within the mass (arrowheads) suggestive of
hemosiderin deposition

and the second and third digits are most often
affected [68, 69].

Imaging Features

Radiographs are often normal in patients with
neural fibrolipoma without macrodactyly. In
patients with macrodactyly, soft tissue and osse-
ous overgrowth is commonly seen. The digits
have broad and long bones with splaying of the
distal ends. This overgrowth is more prominent
volarly and results in bowing [70].

On ultrasound evaluation, neural fibrolipoma
mirrors its histology demonstrating alternating
bands of hyperechoic (lipomatous elements) and
hypoechoic structures (nerves) resulting in a
“cable-like” appearance.
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Special MRI Considerations

The MR appearance of these lesions is pathogno-
monic due to the perineural fat proliferation
around the nerve roots resulting in the appear-
ance of a coaxial cable (Fig. 8.24).

Benign PNSTs

Epidemiology and Histology

Benign PNSTs are often classified into schwan-
nomas and neurofibromas. Furthermore, three
types of neurofibromas have been described:
focal, diffuse, and plexiform. All of these lesions
have cellular elements that are closely related to
normal Schwann cells [71, 72]. Both schwanno-
mas and neurofibromas occur most commonly in
20- to 30-year-old patients without sex predilec-
tion. Neurofibromas have a higher incidence than
schwannomas.

Schwannomas are often solitary, not associ-
ated with neurofibromatosis-1 (NF-1), with non-
aggressive features, slow growth, and small size
(<5 cm) [72]. Schwannomas most often occur
along the flexor surfaces of the extremities, espe-
cially the ulnar nerve. The hallmark of schwan-
nomas on histologic examination are regions of
Antoni A and B elements [72]. Antoni A predom-
inant lesions are more cellular, whereas Antoni B
predominant lesions have more myxoid material
and will contain more T2 hyperintense signal.
Larger schwannomas can degenerate resulting in

cystic changes, internal calcifications, hemor-
rhage, and fibrosis [72]. Schwannomas have a
true capsule and are separable from the nerve on
surgical excision [73].

Focal neurofibromas are the most common
subtype and constitute 90% of all neurofibromas.
They are slow growing and are often small
(<5 cm). Histologically, neurofibromas contain
an abundance of collagen and do not often
undergo degeneration or exhibit myxoid regions
[71, 72]. Deep-seated focal neurofibromas of
large nerves have true capsules; however, lesions
affecting  small nerves although  well-
circumscribed often extend beyond the epineu-
rium. On the contrary, diffuse neurofibromas are
usually ill-defined and infiltrative. Neurofibromas
are intermixed and inseparable from the normal
nerve tissue on surgical exploration [71, 72].

Theoretically, schwannomas and neurofibro-
mas can be differentiated on the basis of their
location relative to the nerve. Schwannomas are
eccentric to the nerve, while neurofibromas dem-
onstrate an intimate and intermixed relationship
with the underlying nerve. In practice, however,
this distinction is impossible to delineate on
imaging due to almost identical signal intensity
of these lesions and the underlying nerves.

Imaging Features

Radiography is often normal in patients with
benign PNSTs as osseous involvement and
mineralization are rare. Occasionally, large

Fig. 8.24 Median nerve fibrolipoma. Axial T1 nonfat-
suppressed (a) and PD fat-suppressed (b) images demon-
strate hypertrophy of epineural fat exhibiting intrinsic T1

hyperintense signal (arrows) with enlarged median nerve
fascicles (curved arrows)
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fusiform soft tissue masses with surrounding
fat density may be seen. As with all soft tissue
tumors, these lesions are more readily charac-
terized by MRI. PNSTs are always in the distri-
bution of a nerve and characteristically fusiform
with the affected nerve entering and exiting
them [74].

Special MRI Considerations

MRI is superior in the characterization of benign
PNSTs. Signal intensity of these lesions is often
nonspecific with isointense T1 and hyperintense
T2 signal (occasionally mimicking fluid signal).
The “fluid-like” signal on T2WI is rather charac-
teristic of PNSTs and can aid in distinguishing
this pathologic process from other lesions men-
tioned in this chapter. Diffuse plexiform neurofi-
bromas can demonstrate  predominantly
hypointense T1 signal related to their high colla-
gen content. Signal heterogeneity is less common
in benign PNSTs unless large and undergoing
degeneration.

Benign PNST’s capsule is thin, hypointense
on all pulse sequences, and surrounds the
PNST.PNSTsfrequently have well-circumscribed
margins with the exception of diffuse and plexi-
form neurofibromas. A rim of fat often surrounds
neurogenic neoplasms and is termed the split-fat
sign and is particularly easy to identify on
T1-weighted sequences (Fig. 8.25) [74]. Simply,
it alludes to the preservation of perineural fat, and
while nonspecific, it suggests tumor origin within
the intermuscular space where the neurovascular
bundles often course.

The rarget sign has been used in the descrip-
tion of these lesions on T2-weighted MR images
and consists of low-intermediate central signal
(collagenous tissue) with peripherally high signal
intensity (myxoid tissue) and is pathognomonic
for these lesions [75-77] (Fig. 8.26). The fascicu-
lar sign is another characteristic appearance of
these lesions with multiple small ring-like struc-
tures with peripheral higher signal intensity on
T2- or PD-weighted sequences [70]. Not unex-
pectedly, the fascicular sign is more often seen
with benign PNSTs.

Variable enhancement is seen with PNSTs,
but in lesions with a target sign, more prominent

Fig. 8.25 Split-fat sign. Coronal T1 nonfat-suppressed
image exhibit split-fat sign as T1 hyperintense signal
(arrow heads) at the superior and inferior margins of the
mass, alluding to preservation of perineural fat and inter-
muscular location of the tumor

central enhancement is detected. Increased
degree of contrast enhancement, nodular
enhancement, and heterogeneous enhancement
patterns is more commonly seen with malignant
PNSTs [78]. It is worth noting that plexiform
neurofibromas do not typically enhance after
contrast administration.

Subtle fatty infiltration and atrophy of the
muscles innervated by the nerve associated with
the PNST have been reported but are infrequent
[79]. This finding is not common with other soft
tissue masses and may be helpful in arriving at
the diagnosis. Comparison with unaffected nor-
mal extremity on nonfat-suppressed T1 sequences
may be beneficial in such cases.
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Fig.8.26 Median nerve schwannoma. Axial PD fat-sup-
pressed image (a) shows a heterogeneous, hyperintense
mass within the volar wrist. Coronal STIR (b) demon-
strating the target sign with a large “bullseye,” low central
signal (asterisk), and high peripheral signal (arrows). The
thin hypointense capsule is also well seen (arrowheads).

Coronal T1 fat-suppressed post-contrast image (c¢) shows
target pattern of enhancement in this mass. Sagittal T2 fat-
suppressed image (d) shows eccentric location of this
mass in relation to the median nerve (arrow). Thin hypoin-
tense capsule (arrowheads) and target sign can also be
seen
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Extra-Skeletal Chondroma

Epidemiology and Histology

Extra-skeletal chondroma is also known as chon-
droma of soft parts and is almost entirely com-
posed of hyaline cartilage without connection to
bone or periosteum [80]. It is histologically very
similar to juxtacortical chondroma [81]. It is usu-
ally smaller than 3 cm and found in the hands and
feet [82]. This tumor occurs predominantly in the
adult population between 30 and 60 years with
slight male predominance [80]. It is thought to
arise from soft tissue fibrous stroma rather than
mature cartilaginous or osseous tissue [83].

Imaging Features

The literature on radiographic features of extra-
skeletal chondroma of the wrist and hand is
sparse, in part due to small size and uncommon
mineralization. These tumors may be seen as soft
tissue masses which may have mineralization if
large (33-70% of cases) [84]. Mineralization is
often in rings and arcs pattern, as expected due to
the chondroid nature of the lesion. Osseous pres-
sure erosions may be seen in rare cases [8§4-86].

Special MRI Considerations

Extra-skeletal chondromas are similar to juxta-
cortical chondromas in MRI features meaning
they often exhibit intermediate T1 signal and
high T2 signal with thin peripheral enhancement.
When internal mineralization is present, hypoin-
tense signal may be seen.

Malignant Soft Tissue Lesions

The most common aggressive soft tissue sarco-
mas of the upper extremity include alveolar rhab-
domyosarcoma,  synovial ~ sarcoma, and
myxofibrosarcoma [40].

Alveolar Rhabdomyosarcoma
Epidemiology and Histology

Rhabdomyosarcoma is the most common soft
tissue sarcoma in children and accounts for

4.5% of childhood malignancies. Alveolar
rhabdomyosarcoma is a histologic subtype of
rhabdomyosarcoma, accounts for 20% of cases
of rhabdomyosarcoma, and has the worst prog-
nosis. It is more common in older children and
young adults between the ages of 10 and
25 years. It most commonly arises from the
deep soft tissues of the extremities and has an
indolent growth pattern [87]. Alveolar rhabdo-
myosarcoma is a highly cellular tumor with
fibrous stroma and fibrovascular septae that
tend to exhibit peripheral discohesion and areas
of necrosis resulting in an alveoli-like appear-
ance [88].

Imaging Features

Radiographic, sonographic, and CT appear-
ance of alveolar rhabdomyosarcoma is similar
to other soft tissue sarcomas and is
nonspecific.

Special MRI Considerations

On MR imaging, alveolar rhabdomyosarcoma
has nonspecific signal characteristics often seen
with other soft tissue sarcomas including T1
isointense to slightly hyperintense to skeletal
muscle and T2 heterogeneously hyperintense sig-
nal. Twenty-five percent of cases exhibit involve-
ment of adjacent bone in the form of cortical
erosions or subperiosteal new bone formation.
Involvement of surrounding muscles and fascia is
common [89].

Synovial Sarcoma

Epidemiology and Histology

Synovial sarcomas are rare soft tissue masses that
comprise approximately 18% of upper extremity
soft tissue sarcomas [40]. They predominantly
affect young adults, presenting as slowly growing
masses within the deep soft tissues adjacent to
the large joints of the lower extremity and less
commonly in the wrist [90]. Synovial sarcomas
get their name because on microscopic examina-
tion they resemble synovium, but these tumors
stain for epithelial markers (keratin), whereas
synovium does not.
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Imaging Features

Radiographic features of these tumors are highly
nonspecific. Thirty percent of synovial sarcomas
reveal peripheral dystrophic calcification that
does not resemble ossified or chondroid matrix
described as psammomatous (or sand-like) [90].
As with all soft tissue sarcomas adjacent to bone,
smooth pressure erosions of the cortex may be
seen. Osseous invasion can occur [91]. Ultrasound
and CT findings are also nonspecific with hetero-
geneous, predominantly hypoechoic mass with
internal flow on sonographic and color Doppler
evaluation and heterogeneously enhancing mass
on CT images. CT is superior in depiction of
internal calcifications compared to other
modalities.

Special MRI Considerations

On MR imaging, synovial sarcomas are usually
multilobulated, well-circumscribed lesions, mea-
suring less than 5 cm, and are T1 isointense to
slightly hyperintense to skeletal muscle and T2
heterogeneously hyperintense masses (some-
times very intensely high in signal). Triple sign
has been used to describe synovial sarcomas’ sig-
nal characteristics on MR imaging and alludes to
hypointense (calcification or fibrosis), intermedi-
ate (cellular component), and hyperintense (hem-
orrhage or necrosis) signal within these lesions
[92]. Other soft tissue sarcomas may have a triple
sign (particularly malignant fibrous histiocy-
toma); therefore, this sign alone lacks specificity
[90]. Synovial sarcomas often reveal heteroge-
neous enhancement owing to their varied internal
histology. Multilobulated appearance with large
intervening septae was described in larger lesions
and is especially well depicted on T2-weighted
images [93, 94]. Osseous involvement, be it pres-
sure erosions or marrow invasion, is seen in up to
21% of cases [92, 95]. Neurovascular encase-
ment is not uncommon and must be assessed to
aid in appropriate surgical planning and is
believed to be due to the intermuscular origin of
these tumors where the neurovascular bundle is
also often seen [90]. Intermuscular location often
results in a split-fat sign (Fig. 8.25).

The importance of a high degree of suspicion
for synovial sarcoma in cyst-like-appearing lesions
in the wrist cannot be overemphasized. When in
doubt, administration of gadolinium contrast can
prove exceedingly helpful as synovial sarcoma
will demonstrate contrast enhancement, and, as
stated previously, fluid-filled structures will show
thin, peripheral enhancement [90].
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Bethany U. Casagranda

Hand

Man is the metre of all things, the hand is the
instrument of instruments, and the mind is the form
of forms. —Greek Philosopher: Aristotle

Importance and Biomechanics

According to Aristotle, the hand is the “tool of
tools.” It can convey strength, power, and protec-
tion in one venue while providing generosity,
hospitality, and support in another. Hand gestures
are used to express a statement or display an
emotion. People lay hands upon an object in
order to bless or heal. Raising one’s hand is an
appropriate gesture when asking a question
among a group [1]. Hands can provide sight for
the blind or a voice for the deaf. It is a tool, a
symbol, and a weapon. Science, philosophy, art,
religion, and many cultures have been influenced
by the importance of the hand and handedness.
But in the end, not to dispute its importance, the
human hand is simply a product of excellence in
primate evolution [2].
Man alone has a hand.
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The hand is defined as the terminal, grasping
or prehensile, aspect of the upper extremity in
humans consisting of the wrist, palm, digits, and
opposable thumb [3]. Although both humans and
primates have four digits and an opposable
thumb, the human thumb is well-developed with
sharp divergence of approximately 80° with
respect to the other metacarpals [4]. The human
thumb is comparatively stronger and longer than
the primate thumb. Human hands have greater
mobility with movements of rotation, flexion,
and extension at the level of the wrist and the dig-
its. Humans capitalize on this difference by not
only using the hand to grasp but to produce limit-
less fine motor movements. Therefore, the hand
acts as an instrument with innumerable uses sup-
porting the concept of the hand as being a
uniquely human characteristic [2, 5].

In addition to structural advancements,
humans have evolved extensive cerebral cortical
systems for controlling the hand. The cerebral
cortex possesses monosynaptic control over
motor neurons whose axons connect with the
hand muscles. In effect, these direct connections
have moved the hand “closer” to the cerebral cor-
tex. Furthermore, the corticospinal tracts provide
rapid access to the hand from other cortical areas
and subcortical structures, including the cerebel-
lum and basal ganglia, known to be intimately
involved in motor control. Haptic perception and
sophisticated sensory information from the
mechanoreceptive sensors of the skin, densest at
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the level of the fingertips, allow feedback to fur-
ther advance hand movements [6].

Multiple muscle groups are recruited to per-
form functional opposition of the thumb which is
a necessity to pinch, grip, or grasp objects. These
include abductor pollicis brevis, opponens polli-
cis, and superficial head of the flexor pollicis bre-
vis. They work together on the trapeziometacarpal
joint (basal joint) and the metacarpophalangeal
(MCP) joint. Antagonistic forces to this group
include extensor pollicis longus and adductor
pollicis which contribute to supination, exten-
sion, and adduction forces of the thumb [4].

Digits of the hand are identified as 1 through 5
with the thumb being 1 (Fig. 9.1). Finger length
from longest to shortestis 3 >4 >2>5>1[2].

Fig.9.1 Conventional method of identifying the digits of
the hand

Therefore, other identifiers for the third digit
include middle finger or the long finger. The third
digit provides the most flexion force and partici-
pates in power grip and precision movements as
expected given its central location. The fourth
digit, or ring finger, is felt to cause the least
amount of impairment to hand function if lost.
Although the fifth digit, small finger, has the least
flexion strength, it was only second to the thumb
in importance of hand function. This is thought to
be related to the fifth carpal metacarpal joint
which is highly mobile yet strengthen by the
hypothenar musculature [4].

In addition to the strength and agility of the
digits, other joints of the upper extremity must
have the correct balance of stability and mobility
to create effective hand motion. The hand relies
on the wrist and forearm’s ability to rotate with
the elbow in varying degrees of flexion. Forearm
rotation involves the proximal radioulnar joint
(PRUJ), distal radioulnar joint (DRUJ), and
humeroradial joint also known as the radiocapi-
tellar joint. The PRUJ and DRUIJ are uniaxial
pivot joints, and the radiocapitellar joint is a lim-
ited ball and socket joint. A common clinical
mistake is to focus on the wrist or elbow in a
patient with upper extremity pain or dysfunction
without proper assessment of forearm biome-
chanics [7].

Although rotation of the forearm occurs at the
level of the aforementioned joints, the curvature
of the forearm bones contribute to rotation as
well. Both the radius and the ulna are curved
anteriorly in both the sagittal and frontal planes.
The two curvatures of the radius are the “supina-
tor” and “pronator” curvatures named after its
muscle attachments. The ulna’s two curvatures
resemble an elongated “s” in the sagittal plane
with anterior concavity. These curvatures allow
greater rotation of the bones in relation to each
other than if the bones were perfectly straight
(Fig. 9.2) [7]. With the addition of upper arm
rotation at the level of the shoulder, these move-
ment combinations allow for proper placement of
the more distal joints in space (Fig. 9.3) [7, 8].
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Fig. 9.2 Curvatures of
the radius and ulna are
essential to rotation of
the forearm

Once the shoulder, elbow, and wrist place the
hand in position, the complex biomechanical sys-
tem of arches support the work the hand must
perform. The scaffolding or osseous arches of the
hand on which the myotendinous structures pull
are either transverse or longitudinal in direction.
Arches are created by the bony segments of the
hand. Two transverse arches are formed by the
carpal bones proximally and the metacarpal
heads distally. Longitudinal arches are created by
the bones comprising each of the five digits.
Arches resist greater forces than other structures
so the hands were built to work. However, it is
important to note that arches are only as strong as
its base, and therefore, a stable wrist is necessary
to perform standard hand movements [4].

Most hand movements are made up of seven
maneuvers: precision pinch (Fig. 9.4), opposi-
tional pinch (Fig. 9.5), key pinch (Fig. 9.6),
directional grip (Fig. 9.7), hook grip (Fig. 9.8),
power grasp (Fig. 9.9), and span grasp
(Fig. 9.10).

Although hand maneuvers are predefined,
studies focused on natural hand movements
have confirmed similar findings when compar-
ing real-life patterns of digit independence,
movement times, and relationships between fin-
gers to previously published laboratory data
[9]. From its basic use to its remarkable ability
to evolve, the hand is largely responsible for the
creative manifestations that characterize the
human species [2].
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Gleno-humeral joint

Fig. 9.6 Key pinch maneuver

""—‘—"""“—"—"‘—"—‘"L

2

Humero-ulnar joint

Fig. 9.3 All joints of the upper extremity contribute
motion that properly places the hand in space

Fig. 9.7 Directional grip maneuver

Fig. 9.4 Precision pinch maneuver

Fig. 9.8 Hook grip maneuver

Fig. 9.5 Oppositional pinch maneuver
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Fig. 9.9 Power grasp maneuver

Fig.9.10 Span grasp maneuver
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Tetyana Gorbachova, Angela Atinga,

and Linda Probyn

Normal MRI Anatomy of the Hand
Capsular Anatomy

Overview

The capsular anatomy of the metacarpophalan-
geal (MCP) joint, proximal interphalangeal (PIP)
joint, and distal interphalangeal (DIP) joints is
organized in a similar fashion; lateral capsular
reinforcements are provided by the proper and
accessory collateral ligaments on the radial and
ulnar sides of the joint, and the volar capsule is
comprised of a thick fibrocartilaginous structure,
referred to as the volar or palmar plate (Fig. 10.1).
The proper and accessory collateral ligaments
share their proximal site of attachment at the
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proximal osseous aspect of the joint, whereas dis-
tally the proper collateral ligaments insert on the
distal osseous margin of the joint and accessory
collateral ligaments fan out in palmar direction to
broadly insert on the volar plate [1, 2] (Fig. 10.2).
The volar plates of the lesser MCP joints are con-
nected by the deep transverse metacarpal liga-
ment (DTML) [3]. On MRI, the coronal plane
provides best visualization of the proper collat-
eral ligaments, the sagittal plane best depicts the
volar plate, and the axial images add visualiza-
tion of both structures and accessory collateral
ligaments. In addition to capsuloligamentous
structures, the extensor and flexor system of the
finger is essential to the stability to the MCP, DIP,
and PIP joints.

The lesser carpometacarpal (CMC) joints can
be divided into two groups separated by the lig-
amentous attachments between hamate and
fourth metacarpal and occasionally enclosed in
separate synovial cavities: second and third
CMC joints and fourth and fifth CMC joints.
Functionally, the first and second CMC joints
are nearly immobile. There is a short range of
gliding at the fourth and fifth CMC joints with a
small degree of flexion and rotation. The CMC
joints are stabilized by dorsal, volar, and inter-
osseous ligaments [4].
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DTML

Fig. 10.1 Supporting structures of the MCP joint at the
level of the metacarpal head. Schematic drawing of the
capsuloligamentous structures as well as the flexor and
extensor apparatuses of the finger. The dorsal and volar
structures connect, forming a cylindrical fibrous envelope
around the MCP joint. Proximally, proper and accessory
collateral ligaments attach to the metacarpal, while dis-
tally, the proper collateral ligament (blue) attaches to the
base of the proximal phalanx (not illustrated), and acces-
sory collateral ligament (purple) extends to the volar
plate. The digital flexor tendons (FDP and FDS) are
anchored to the volar plate by Al pulley. The volar plates
of the fingers are interconnected by the deep transverse
metacarpal ligament (DTML). The lumbrical muscles and
tendons (LT) are located superficial to the DTML, while
interosseous tendons (IT) are located deep to the
DTML. The extensor hood at the level of the MCP joint is
represented by a sagittal band with superficial (black
arrowheads) and deep (white arrowheads) layers that
envelope extensor digitorum communis (EDC) tendon.
(Modified from Ref. [2])

Hand Musculature

Extrinsic muscles acting on the hand originate in
the forearm and elbow, and their tendons pass
through the wrist to insert on the hand. Intrinsic
hand muscles are located within the hand itself.
The intrinsic muscles are subdivided into three
groups: thenar muscles (discussed separately),
hypothenar muscles, and central group. The
hypothenar group includes palmaris brevis,
abductor digiti minimi, flexor digiti minimi bre-
vis, and opponens digiti minimi muscles. The
central group, sometimes referred to as deep or

metacarpal muscles, is comprised of lumbrical,
palmar interossei, and dorsal interossei muscles.
The interosseous muscles arise from the metacar-
pal bones and insert directly on to the proximal
phalanx and to the dorsal aponeurosis of each fin-
ger. Three palmar interosseous muscles adduct
the fingers at the MCP joints to the long axis of
the middle finger. Four dorsal interosseous mus-
cles function to abduct fingers at the MCP joints
in relation to the long axis of the middle finger,
resulting in spreading of the fingers. The dorsal
interossei are bipennate muscles, with each mus-
cle arising from the two adjacent metacarpal
bones. The four lumbrical muscles are unique in
that they have both a tendinous origin and inser-
tion, originating from the flexor digitorum pro-
fundus tendons and inserting on the dorsal
aponeurosis.

On an axial image obtained at the level of the
mid hand, the lumbrical muscle bellies are recog-
nized along the radial and slightly volar aspect of
the flexor digitorum profundus tendons. The
interosseous muscles are further dorsal in loca-
tion with their muscle bellies filling the inter-
metacarpal spaces. At the level of the MCP joint,
the tendons of the intrinsic hand muscles can be
identified by their relationship to the DTML: the
lumbrical tendons are located superficial to the
DTML, while the interosseous tendons are deep
to the DTML [3, 5] (Fig. 10.3).

Extensor Apparatus

The complex anatomy of the flexor and extensor
tendons of the hand is better understood by con-
sidering their different biomechanical require-
ments. The organization of the extensor apparatus
is dictated by the functional demands for stability
and integrated functioning [6]. Therefore, com-
pared to the flexors, the extensor apparatus has a
much more delicate aponeurotic character [2, 5].
The extensor tendons and retinacular structures
form a plexiform construct around the finger that
has been likened to a Chinese finger trap or a
functional homolog of an exoskeleton [7]
(Fig. 10.4). Dorsal aponeurotic sheets of tissue
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Fig. 10.2 Capsuloligamentous anatomy of the finger.
Coronal STIR MR image (a) demonstrates proper collat-
eral ligaments (arrows) on the radial and ulnar sides of the
MCEP, PIP, and DIP joints. Axial T1-weighted MR images
(b) obtained through the proximal margin of each joint
depict proper collateral ligaments (short white arrows),

represent the meeting point of tendons associated
with different muscles and allow coordination
between the extrinsic (extensor digitorum com-
munis (EDC), extensor indicis, extensor digiti

accessory collateral ligaments (curved arrows), and the
volar plates (short black arrows). The terminal extensor
tendon (long white arrow) and flexor digitorum profundus
tendon (black arrowhead) are intimately related to the
joint capsule

minimi) and intrinsic (lumbrical and interosse-
ous) muscles [1, 8, 9]. The EDC trifurcates at
proximal phalanx to form a central slip, which
inserts on the base of the middle phalanx, and
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Fig. 10.3 Intrinsic muscles of the hand. Axial
T1-weighted fat-suppressed images through the mid hand
(a) and MCP joints (b) demonstrate the lumbrical muscles
(L) along the radial and slightly volar side of the flexor
digitorum profundus tendons (black arrowheads). The
dorsal interosseous (1-4 DI) and palmar interosseous (1-3
PI) muscles bellies fill in the intermetacarpal spaces. Note

Tendons:

Terminal tendon

Conjoint tendons

A

Central slip
r !-
‘ }‘L“ Lateral bands
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digitorum ®»
(EDC) % =

Fig. 10.4 Extensor apparatus of the finger. The central
slip of the extensor digitorum communis (EDC) tendon
inserts on the base of the middle phalanx (red arrow-
heads), and the two lateral slips (black arrowheads) join
the lateral bands from the interossei and lumbrical ten-
dons (white arrowheads) to form the conjoint tendons
(white arrows). The conjoint tendons merge to form the

two flanking lateral slips. The lateral slips join
the two lateral bands, formed by interossei and
lumbrical tendons, to form conjoint tendons. The

the position of the lumbrical muscles (L) and interosseous
tendons (white arrowheads) relative to the DTML (white
arrows). Juncturae tendinum (black arrows) interconnect
the extrinsic extensor tendons. AdP adductor pollicis,
AbDM abductor digiti minimi, ODM opponens digiti
minimi

Retinacular structures:

Transverse
retinacular
ligament

=

Sagittal
band

Extensor hood

terminal extensor tendon (red arrows) which inserts on the
base of the distal phalanx. The sagittal band (long black
arrow) is a part of the extensor hood at the level of MCP
joint. The transverse retinacular ligament (short black
arrow) is located at the level of PIP joint. DTML deep
transverse metacarpal ligament. (Modified from Ref. [2])

interossei and lumbrical tendons also give off the
medial bands that connect with the central slip
distally near its insertion. Conjoint tendons merge
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distally to form a terminal extensor tendon which
inserts on the base of distal phalanx (Fig. 10.4).
At the dorsum of the hand, stabilizing retinac-
ular structures are represented by juncturae tendi-
num, fibrous bands that connect the slips of the
extensor digitorum [10] (Fig. 10.3). There is con-
siderable anatomic variability of the extensor
apparatus that includes variations in extensor ten-
dons and juncturae, more common toward the
ulnar side of the hand [10].The index finger is
more independent as it is critical for a delicate
precision grip, so it has the least variable extensor

tendon anatomy and the least prominent junctu-
rae [6].

In the finger, the principal stabilizing retinacu-
lar structure is referred to as the extensor hood or
dorsal aponeurotic expansion [8]. The sagittal
band is an important part of the extensor hood at
the level of the MCP joint (Figs. 10.1 and 10.5).
A thicker deep layer and very thin superficial
layer of the sagittal band envelope the extensor
tendon and continue around either side of the
joint to connect to the volar plate, stabilizing the
extensor tendon over the MCP joint [1, 11]

Fig. 10.5 Extensor apparatus of the finger. Sagittal pro-
ton density-weighted fat-suppressed MR image (a) shows
insertions of the central slip of the extensor tendon (white
arrowhead) and the terminal extensor tendon (large white
arrow). Axial T1-weighted MR images at the level of the
MCP joint (b) and proximal (c) and distal (d) aspect of the
proximal phalanx demonstrate the sagittal band (black
arrowheads) as it encircles the EDC tendon and wraps
around the MCP joint to connect to the volar plate (short

black arrows, b). Further distally the extensor hood is
formed by the central slip (white arrowhead) and lateral
bands (long black arrows, ¢) connected by transverse
fibers. At the level of the proximal aspect of the PIP volar
plate (short black arrow, d), the transverse retinacular lig-
ament (small black arrowheads, d) connects the conjoint
tendons (small white arrows) to the flexor sheath. A1 and
A2 flexor pulleys are shown (curved arrows, b, ¢)
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(Figs. 10.1 and 10.5). Distal to the sagittal bands,
the extensor hood is formed by transverse and
oblique fibers which arise from the interossei and
lumbricals tendons. At the proximal interphalan-
geal (PIP) joint, a structure analogous to the sag-
ittal band is referred to as the transverse
retinacular ligament and connects the conjoint
lateral bands to the flexor sheath. Further distally,
a “mini hood” is formed by oblique retinacular
ligaments and a triangular ligament that bridges
the conjoint tendons.

Flexor Apparatus

Morphologic features of the flexor apparatus are
dictated by their functional demands of power
and precision. Flexion of the fingers can be car-
ried further than extension as fingers can gener-
ally be flexed toward the palm at three neighboring
joints. In extension, however, fingers are merely
returned to a straight position. Greater excursion
of the flexor tendons necessitates additional ana-
tomic structures to prevent tendons bowstringing
and facilitate gliding of the tendons [6, 12]. The
flexor tendons run through fibro-osseous tunnels
that are lined by synovium. The floor or dorsal
aspect of each tunnel is composed of palmar sur-
faces of the proximal and middle phalanges,
DTML, and volar plates of the MCP, PIP, and
DIP joints. The palmar aspect is formed by
fibrous sheets attached to the periosteum of the
phalanges and to the volar plates. Local thicken-
ings of these fibrous sheaths are referred to as
pulleys [13, 14].

The flexor tendons of the second through fifth
fingers include the flexor digitorum profundus
(FDP) tendon that inserts at the volar base of the
distal phalanx and flexor digitorum superficialis
(FDS) that inserts on the midportion of the mid-
dle phalanx. At the level of the metacarpal head
and proximally FDS lies superficial to the
FDP. Distal to the metacarpal, the FDS tendon
splits forming a ring aperture to allow passage of
the FDP which subsequently becomes the more
superficially located tendon. The two portions of
the FDS reunite at Camper’s chiasm located deep

to the FDP [3]. The advantage of this anatomic
arrangement is that in addition to pulleys, the ten-
dons themselves contribute to maintaining their
position close to the bone as one tendon forms a
sling for the other (Fig. 10.6).

Pulleys maintain close apposition of the ten-
don to the bone and help flexor tendon tracking.
The finger pulley system is composed of annular
and cruciform pulleys (Fig. 10.7). Annular pul-
leys serve to stabilize the tendon during motion,
while cruciate pulleys facilitate deformation of
the tendon sheath during flexion. Annular pul-
leys are identified on MR imaging as trans-
versely oriented well-defined areas of tendon
sheath thickening [15]. The odd-numbered pul-
leys, Al, A3, and A5, are located at the level of
the MCP, PIP, and DIP joints, respectively.
Cruciform pulleys are delicate crisscrossing
web-like fibers interposed between annular pul-
leys and not typically visualized on clinical MR
imaging. The most biomechanically important
and most frequently injured pulleys are the A2
and A4 pulleys. The A2 is the longest pulley,
covering the proximal two thirds of the proximal
phalanx. The A4 pulley covers the midportion of
the middle phalanx [15]. Annular pulleys are
best depicted on axial MR images as thin low
signal intensity struts anchoring the flexor ten-
dons to the volar plates at the level of the joints
or to the volar surface of the bone along the pha-
langeal osseous attachments. On sagittal images,
the annular pulleys can be observed as local
thickenings of low signal intensity along the pal-
mar aspect of the tendon sheaths. The locations
of cruciform pulleys can be indirectly demon-
strated as areas of pleating of the synovial
sheaths near the PIP and DIP joints in the pres-
ence of tenosynovitis (Fig. 10.7).

On MRI, the interplay between the FDS and
FDP is best followed on sequential axial images.
Additional longitudinal assessment of the ten-
dons and their insertions is performed in the sag-
ittal plane (Figs. 10.6 and 10.7). When following
the course of the flexor tendons on axial images,
it is important to remember that they are true to
their names within the wrist and hand. Distal to
the Al pulley, the FDS divides into radial and
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Fig. 10.6 Flexor tendon anatomy of the finger. Diagram
(a) and sequential axial T1-weighted MR images (b-g,
proximal to distal) depict the course of the FDP (black
arrowheads) and FDS (white arrowheads). At the level of
the metacarpal head (b) and proximally, FDS lies superfi-
cial to the FDP. Distal to the metacarpal, FDS tendon
splits (¢, d) forming an aperture to allow passage of the

ulnar slips, and along the course of the A2 pulley,
the superficialis and profundus tendons swap
their locations so that further distally FDS is
located deep to FDP [15]. The FDP tendon may
display a median longitudinal groove or two sep-
arate slips [16] (Fig. 10.8).

Synovial sheaths provide nutrition and lubri-
cation to the tendons. To enable greater longitudi-
nal excursion of the flexor tendons in the wrist
and hand, the flexor synovial sheaths extend

FDP. Distal to this point FDP becomes the more superfi-
cially located tendon. The two portions of the FDS reunite
at Camper’s chiasm located deep to the FDP (e). FDS
inserts on the midportion of the middle phalanx (f), and
FDP inserts at the volar base of the distal phalanx (g). (6A
modified from Ref. [2])

beyond the boundaries of the corresponding reti-
nacular structures. Because the metacarpal bones
of the thumb and little finger have the greatest
mobility compared to other fingers, their flexor
tendon synovial sheaths pass without interruption
from fingers to the wrist [12]. The synovial
sheaths of the thumb and little finger often com-
municate with the radial and ulnar bursae at the
wrist, respectively. The flexor tendon sheaths of
the index, long, and ring fingers typically do not
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Fig. 10.7 Flexor tendon pulley system of the fingers. The
pulley systems are composed of five transversely oriented
annular pulleys (A1-A5) and three cruciform pulleys
(C1-C3) (a). Midline sagittal (b) and parasagittal (c) pro-
ton density-weighted fat-suppressed MR images of the
long finger depict annular pulleys (curved arrows) as local

have as great a proximal extent; these sheaths
begin at the level of the metacarpal necks proxi-
mal to the DTML and terminate distally at the
insertion of the FDP. The multiple anatomic vari-
ations in communications of the palmar bursae
and finger tendon sheaths may necessitate imag-
ing of the entire hand and wrist when evaluating
pathology affecting the synovial sheaths, in par-
ticular infection [17, 18].

thickening of low signal intensity along the palmar aspect
of the flexor tendon sheaths. Note the relationship of the
pulleys to the volar plates (black arrows) and to the inser-
tions of the FDS (white arrowhead) and FDP (black
arrowhead). (7A modified from Ref. [2])

Vascular and Digital Nerve Anatomy

Overview

Arterial blood supply to the hand is provided by a
superficial palmar arch, formed by anastomosis
between the continuation of the ulnar artery and
superficial volar branch of the radial artery, and
the more proximal deep palmar arch, formed by
the deep branch of the radial artery as it passes
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Fig.10.8 Flexortendons of the finger. Axial T1-weighted
MR images at the level of the PIP joint distal to the chiasm
(a) and just proximal to the DIP joint (b) demonstrate the

Fig. 10.9 Vascular and digital nerve anatomy of the fin-
ger. Axial Tl-weighted (a) and TI1-weighted fat-
suppressed gadolinium-enhanced images (b) of the index
and long fingers at the mid diaphysis of the proximal pha-
lanx demonstrate radial and ulnar palmar digital arteries

from dorsal to the deep volar hand and anastomo-
ses with one or both deep volar branches of the
ulnar artery. The superficial palmar arch has
greater anatomic variability with several patterns
of complete or incomplete arch described in the
literature [19]. Common digital arteries originate
from the superficial arch. Each finger has two
palmar digital arteries that originate from the
bifurcation of the common digital artery at the
level of the base of the proximal phalanx and

relationship of the FDS (white arrowheads) and FDP
(black arrowheads). Note the presence of two distinct
slips of the FDP tendon, a normal anatomic variation

(white arrows) and proper digital nerves (black arrow-
heads). The venous system is represented by the proximal
venous arch (long black arrow) and palmar veins (short
black arrows). A2 pulleys (curved arrows)

course along the radial and ulnar side of the flexor
tendon sheath dorsal to the proper digital nerves
[20] (Fig. 10.9). Communicating branches of the
digital arteries form three transfers of palmar
arches in the finger: proximal, middle, and distal.
The pulp of the finger and nail matrix are nour-
ished by the matrix arches and longitudinal
arteries.

In the regions where tendons are surrounded
by true synovial sheaths, the vessels enter the
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Fig. 10.10 Vincular system of the flexor tendons. Axial
T2-weighted fat-suppressed MR images (a—c) of the ring
finger in a 44-year-old man with subacute A2 pulley
injury with increased conspicuity of the vincula due to
flexor tenosynovitis and tendon bowstringing. The radial
and ulnar vincula longa superficialis (long white arrows, a

tendon via mesotenon that, along with synovial
fluid, provides a nutritional pathway to the ten-
don. In digital flexor tendons, the blood supply is
delivered via thin strands of synovium called the
vincula tendinum. The vincula carry minute ves-
sels and connect to the dorsal part of the tendons
(Fig. 10.10). In the digital canal, each flexor ten-
don typically has two kinds of vincula, the short
and the long. The short vincula of FDS and FDP
(vinculum breve superficialis and vinculum breve
profundus) are found consistently in all fingers.
The long vincula (vinculum longum superficialis
and vinculum longum profundus) may vary in
type and differ in each finger [21].

The motor and sensory innervation of the
hand is provided by three nerves: median, ulnar,
and radial nerves [20, 22]. Variations from the
classical nerve distribution are extremely com-
mon in the hand. Distal to the transverse carpal
ligament, the median nerve gives off a short
recurrent motor branch for the thenar muscula-
ture and continues as three common digital
nerves. The first common digital nerve divides
into three proper volar digital nerves supplying
the thumb and radial side of the index finger. The
second and third common digital nerves each
divide into two proper digital nerves that supply

and b) arise from the radial and ulnar side of the base of
the proximal phalanx and attach to FDS (arrowheads) just
proximal to the Camper’s chiasm. Vinculum breve super-
ficialis (short white arrow, ¢) arises from the membranous
part of the volar plate of the PIP joint and attaches to the
chiasm

the ulnar side of the index finger, both sides of
the third finger, and radial side of the fourth fin-
ger. Each proper digital nerve gives off a dorsal
branch that joins the dorsal digital nerve from
the superficial branch of the radial nerve and
supplies the dorsal aspect of the distal phalanx.
At Guyon’s canal, the ulnar nerve divides into
the deep motor and superficial sensory branches.
The superficial sensory branch of the ulnar nerve
continues in a straight course and divides into
the fourth common digital nerve that supplies
the ulnar side of the fourth ray and radial side of
the little finger and a proper palmar digital nerve
that supplies the ulnar side of the little finger.
The deep motor branch of the ulnar nerve crosses
the palm and innervates intrinsic hand muscles
including all the interossei muscles and third and
fourth lumbrical muscles. The innervation of the
thenar musculature is provided by the median
nerve and deep branch of the ulnar nerve, while
hypothenar musculature is entirely supplied by
the deep ulnar nerve. The superficial branch of
the radial nerve divides into dorsal digital nerves
that provide sensation to the radial aspect of the
dorsum of the hand, dorsum of the thumb and
index and long fingers, and dorsal radial side of
the ring finger.
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Fig. 10.11 Pacinian corpuscles. Axial T2-weighted fat-
suppressed images of the hand distal to the MCP joints in
a 53-year-old man demonstrate multiple round and oval
hyperintense nodules (arrowheads) in the subcutaneous
fat of the palm representing prominent Pacinian corpus-
cles. Following intravenous administration of gadolinium
contrast, there is no enhancement of these nodules

Recent studies have demonstrated that hyper-
intense palmar subcutaneous nodules in the
hands and proximal fingers frequently observed
on clinical MRI examinations represent normal
Pacinian corpuscles and should not be mistaken
for pathological conditions [23, 24]. The corpus-
cles are sensory receptors for vibration and deep
pressure. On MRI, they appear as round or oval,
1I-5 mm in diameter, non-enhancing,
T2-hyperintense subcutaneous nodules, separate
from the vessels, concentrated in subcutaneous
fat of palms around the MCP joints (Fig. 10.11).

Anatomic Zones of the Extensor
and Flexor Hand Tendons

To provide an organized approach to the anatomic
structures and lesion localization, a topographic
classification of zones has been developed for the
flexor and extensor tendons. According to the
Kleinert and Verdan classification, the hand and
wrist encompass five flexor and eight extensor
zones that are numbered distal to proximal [25].
The extensor zones alternate between the joint
lines (odd-numbered zones) and the areas in
between the joints (even-numbered zones)
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Extensor zones

Fig. 10.12 Extensor tendon zones of the fingers and
thumb. These topographic zones are labeled distal to prox-
imal with odd-numbered zones (green and blue) located
over the joints and the even-numbered located in between
the joints. Zone VII of the hand and Zone V of the thumb
include wrist extensor compartments

(Fig. 10.12). The topographic division of the
flexor tendons into the zones takes into account
the interplay between the FDP and FDS, pres-
ence of the pulleys and synovial sheaths, and vas-
cular supply delivered via vincula (Fig. 10.13).
Of particular importance is flexor Zone II that
spans a relatively large area at the palmar aspect
of the finger (Fig. 10.14). Zone II starts distal to
the insertion of the FDS at the volar base of the
middle phalanx and stops proximally at the distal
palmar fold, which corresponds to the proximal
margin of Al pulley on MRI. Due to the com-
plexity of this region, injuries to flexor Zone II
carry worst prognosis and used to be called “no
man’s land.”
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Flexor zones

Fig. 10.13 Flexor tendon zones of the fingers and thumb.
In the finger, Zone I extends from the distal phalanx to the
middle phalanx, Zone II extends from the middle phalanx
to the distal palmar fold, Zone III extends from the level
proximal to the MCP joint to the distal part of the flexor
retinaculum of the carpal tunnel, Zone IV consists of the
carpal tunnel, and Zone V includes structures proximal to
the carpal tunnel. In the thumb, Zone I (T I) includes the
region of the interphalangeal joint, Zone II (T II) is the
region of the MCP joint, and Zone III (T III) includes the
first metacarpal

Normal MR Imaging Anatomy
of the Thumb

Osseous and Capsuloligamentous
Anatomy of the Thumb

Thumb CMC Joint

The first CMC joint is a unique semi-constrained
biconcave saddle joint between the base of the
first metacarpal and distal surface of the trape-
zium [26, 27]. The joint has a wide range of
movement and is inherently unstable, requiring
many ligaments for support [28, 29]. Although up
to 16 ligaments have been described in cadaveric

Extensor zones Flexor zones

Il

1]/ 0l

No man's
land

é

Fig. 10.14 Extensor and flexor zones of the fingers.
Lateral view of the finger demonstrates designation of the
extensor and flexor tendon zones. Flexor Zone II (red)
spans area that includes FDS insertion (green tendon) dis-
tally and distal palmar fold and proximal edge of Al pul-
ley proximally, “no man’s land”

hands, only some of these ligaments provide
most of the stability at the CMC joint and are vis-
ible on MRI (Fig. 10.15). For a dedicated thumb
CMC joint MRI, the imaging planes are
prescribed to the thumb, as described later under
MRI optimization [27].

The dorsal ligament complex, also referred to
as the dorsal deltoid ligament, is best seen on sag-
ittal MR images of the thumb. The dorsal deltoid
ligament is comprised of three ligaments: the
dorsal radial ligament (DRL), dorsal central liga-
ment (DCL), and posterior oblique ligament
(POL). The DRL attaches to the dorsal radial
tubercle of the trapezium and the dorsal edge of
the first metacarpal base, adjacent to the abductor
pollicis longus (AbPL) tendon. This is the thick-
est ligament and most easily seen on MR images
[30]. The DCL is adjacent to the DRL, being
more dorsal and ulnar [31]. The POL attaches to
the dorsal trapezium and dorsal base of the first
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Fig. 10.15 Supporting ligaments of the first CMC joint.
The ulnar collateral ligament (UCL, red arrow, a) origi-
nates from the distal ulnar margin of the flexor retinacu-
lum (yellow band) and trapezial ridge and courses ulnar to
the anterior oblique ligament (AOL), also known as the
beak ligament, attaching to the volar ulnar tubercle of the
base of the thumb metacarpal. The dorsal deltoid ligament

metacarpal. These dorsal ligaments act as a pri-
mary restraint to dorsal radial metacarpal dislo-
cation [27, 32]. Given their broad range of
attachment and support provided, the dorsal liga-
ments have been likened to a deltoid-type struc-
ture [28]. The intermetacarpal ligament (IML)
attaches to the dorsal aspect of the first and sec-
ond metacarpal bases and restrains thumb move-
ments, particularly abduction. It can be difficult
to see on MR imaging but is most visible on coro-
nal images [30] (Figs. 10.15 and 10.16).

The volar ligament complex is thinner than the
dorsal ligaments but still functionally important
and is best seen on sagittal MR images
(Fig. 10.16e, f) [30]. The most important volar
ligament is the anterior oblique ligament (AOL),
also called the beak ligament, which attaches to
the volar tubercle of the trapezium and to the
volar tubercle, or a “beak,” of the thumb metacar-
pal. AOL has superficial and deep components
[30] (Fig. 10.16f).This ligament resists volar or
dorsal stress [26, 27, 32]. The ulnar collateral
ligament (UCL) attaches proximally to the trape-
zium along the distal and ulnar margins of the
flexor retinaculum and distally to the volar ulnar
base of the first metacarpal [30]. The UCL of the
first CMC joint can be difficult to visualize on
MR imaging.

consists of three ligaments, the dorsal radial ligament
(DRL), dorsal central ligament (DCL), and posterior
oblique ligament (POL), traverse from the trapezium to
the first metacarpal base. The intermetacarpal ligament
(IML) (a, ¢) traverses from the bases of the first and sec-
ond metacarpals. (Modified from Ref. [31])

Thumb MCP Joint

The thumb MCP joint is a condyloid joint which
allows flexion, extension, adduction, abduction,
and circumduction. The most common location
of sesamoid bones in the hand is at the first MCP
joint [33]. Sesamoid bones act as a pulley system
that provides tendons with a smooth surface over
which to glide [33]. The flexor pollicis brevis
(FPB) tendon inserts onto the radial sesamoid
bone and the radial base of the proximal phalanx
of the thumb, whereas the adductor pollicis (AdP)
tendon inserts onto the ulnar sesamoid bone and
ulnar base of the proximal phalanx [30]. The
volar plate is a wedge-shaped fibrocartilage plate
that reinforces the volar joint capsule and extends
between the two first MCP sesamoid bones [30,
33] (Fig. 10.17).

The radial collateral ligament (RCL) and ulnar
collateral ligament (UCL) are the primary stabi-
lizers to varus and valgus stresses of the MCP
joint, respectively [30]. The proper RCL and
UCL originate at the dorsal aspect of the first
metacarpal head and insert at the volar aspect of
the first proximal phalangeal base. The accessory
RCL and UCL are adjacent to the volar aspect of
the proper collateral ligaments and extend from
the metacarpal heads to the volar plate and sesa-
moid bones. The proper and accessory collateral
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Fig. 10.16 MR imaging of the supporting ligaments of
the first CMC joint. The image planes described are rela-
tive to the thumb CMC joint and metacarpal, the latter of
which is pronated compared to the remainder of the hand
and wrist through a range of between 45 and 60 degrees.
Coronal (a, b) and coronal oblique (¢) proton density-
weighted MR images depict the DRL (long black arrow)
coursing between the dorsal radial tubercle of the trape-
zium (T) and the dorsal radial edge of the first metacarpal
(MC1) base, deep to the AbPL insertion (curved arrow).

IML (short black arrow) traverses between the bases of
the first (MC1) and second metacarpals. Sequential sagit-
tal proton density-weighted MR images (radial to ulnar
with respect to wrist, d—f) demonstrate DRL deep to
AbPL and the more dorsally located DCL (thin white
arrow) and POL (thick white arrow). The AOL courses at
the volar and ulnar aspect of the joint. Note the superficial
(white arrowhead) and deep (black arrowhead) compo-
nents of the AOL
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Fig. 10.17 Anatomy of the first MCP joint. Axial sche-
matic images at the level of the first metacarpal (MC) head
and proximal phalanx. The sagittal band (black arrow-
heads at the level of the MC head) and extensor hood
(black arrowheads at the level of the proximal phalanx)
encircle the extensor pollicis longus (EPL) tendon. The
adductor pollicis muscle (AdP) and tendon are located at
the ulnar and volar aspect of the joint. The adductor apo-
neurosis (red arrows) is continuous with the sagittal band
and extensor hood on the ulnar side. The abductor pollicis
brevis (AbPB) tendon and abductor aponeurosis (white

ligaments are taught reciprocally during flexion
and extension [34]. Palmar ligaments extend
from the metacarpal head to the sesamoid (meta-
carpal sesamoid ligament) and from the sesamoid
to the proximal phalanx (sesamoid phalangeal
ligament) (Fig. 10.18).

Thumb IP Joint

The interphalangeal joint of the thumb shares the
same anatomy as the interphalangeal joints of the
lesser digits, discussed earlier in this chapter.

Muscle and Tendon Anatomy
of the Thumb

The intrinsic muscles at the thumb form the the-
nar eminence, the palmar muscular bulge on the
radial side of the hand at the base of the thumb. It
comprises the opponens pollicis (OP), abductor
pollicis brevis (AbPB), and flexor pollicis brevis
(FPB) muscles, all originating at the flexor reti-
naculum (Fig. 10.19). The OP originates from the

Proximal
phalanx

arrowhead) blend with the radial side of the sagittal band
and extensor hood. The extensor pollicis brevis (EPB) ten-
don is at the radial aspect of the EPL and deep to the radial
sagittal band and extensor hood. The ulnar collateral liga-
ment (UCL) and radial collateral ligament (RCL) are seen
at the ulnar and radial aspect of the MC head, respectively,
and traverse toward the volar aspect at the level of the
proximal phalanx. The volar plate (VP) traverses between
the sesamoids (S), deep to the flexor pollicis longus (FPL)
tendon. The accessory collateral ligaments are shown in
purple

tubercle of the trapezium and the flexor retinacu-
lum and inserts into the lateral margin of the first
metacarpal. It medially rotates the thumb with
flexion at the first CMC joint permitting opposi-
tion. The AbPB arises from the scaphoid and tra-
pezium tubercles and the flexor retinaculum. It is
superficial to the OP and inserts at the lateral base
of the proximal phalanx of the thumb and abducts
the thumb. The superficial head of the FPB arises
from the tubercle of the trapezium and flexor reti-
naculum, passing along the radial margin of the
flexor pollicis longus (FPL) tendon. The deep
head, if present, arises from the trapezoid and
capitate and the transverse carpal ligaments of
the distal carpal row. It lies just radial to the
abductor pollicis muscle and permits flexion at
the MCP joint. Both heads of the FPB insert on
the radial base of the proximal phalanx of the
thumb and first MCP radial sesamoid. The deep
head of the FPB is innervated by the deep branch
of the ulnar nerve, and the remainder of the the-
nar muscles is innervated by the recurrent branch
of the median nerve. Although the adductor
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Fig. 10.18 Ligaments of the first MCP joint. The proper
collateral ligaments (blue) traverse from the head of the
first metacarpal (MC1) to the base of the first proximal
phalanx (P1). The accessory collateral ligaments (purple)
are more volar and extend from the metacarpal head to the
volar plate and sesamoid bone (S). The metacarpal sesa-
moid and sesamoid phalangeal palmar ligaments are also
shown in green. (Modified from Ref. [34])

pollicis (AdP) muscle does not belong to the
proper thenar or the central muscle groups, it
oftentimes grouped with a thenar musculature.
The AdP has oblique and transverse heads that
originate from the palmar aspect of the second
and third metacarpal bones. AdP inserts onto the
base of the first proximal phalanx, ulnar sesa-
moid, and adductor aponeurosis (see below) and
receives innervation from the deep branch of the
ulnar nerve.

The extrinsic flexor muscle group includes
the FPL, AbPL, extensor pollicis brevis (EPB),
and EPL muscles. The FPL muscle originates
at the volar surface of the radius and the adja-
cent interosseous membrane. It has a long ten-
don that passes under the flexor retinaculum
through the carpal tunnel, located dorsal and
radial to the median nerve [30]. The FPL ten-
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Fig. 10.19 Thumb muscles. Axial proton density-
weighted MR image of the hand just proximal to the
thumb MCP sesamoids demonstrates the thenar muscles:
abductor pollicis brevis (AbPB) and flexor pollicis brevis
(FPB) located palmar to the flexor pollicis longus (FPL)
tendon; the opponens pollicis (not shown) inserts proxi-
mal to this level. Also shown are the adductor pollicis
(AdP) muscle and central muscle group (lumbrical mus-
cles (L), dorsal interosseous (DI), and palmar interosseous
(PD)). The first (MC1) and second (MC2) metacarpal
bones are indicated

don passes between the thenar and AdP mus-
cles. The distal tendon lies superficial to the
volar plate between the two sesamoid bones at
the MCP joint and inserts distal to the base of
the distal phalanx of the thumb (Figs. 10.19
and 10.20). The FPL tendon flexes the IP joint
and to a lesser degree the MCP joint. The FPL
lacks a vinculum and adjacent lumbrical mus-
cle that support the digital flexor tendons;
therefore, the tendon has even less restriction
and is more likely to retract if torn.

The first and third extensor tendon compart-
ments have tendons that are important for thumb
movement. In compartment one, the AbPL and
EPB tendons are important for thumb abduction,
extension, and rotation at the first CMC and MCP
joints [30]. In the third extensor tendon compart-
ment, the EPL tendon passes on the ulnar side of
Lister’s tubercle of the radius before extending
distally and is responsible for extension of the
interphalangeal joint.

The extensor mechanism is simpler in the
thumb than in other digits [15]. The EPB tendon
inserts to the dorsal base of the proximal phalanx
and blends to the dorsal plate of the first MCP
joint. The EPL tendon continues to the dorsal
base of the distal phalanx. The EPB is variable
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Fig. 10.20 MRI anatomy of the first MCP joint. Axial
proton density-weighted image at the level of the first
MCP joint. The adductor pollicis muscle (AdP) and its
tendon (curved black arrow) attach to the ulnar sesamoid
and adductor aponeurosis (long black arrows). The adduc-
tor aponeurosis overlies the UCL and is continuous with
the sagittal band and extensor hood (black arrowhead) that
attach to the extensor pollicis longus (EPL) tendon. The
abductor pollicis brevis (AbPB) tendon is located on the
radial aspect of the joint (curved white arrow). The abduc-
tor aponeurosis (white arrowhead) blends with the radial
side of the sagittal band and extensor hood. The extensor
pollicis brevis (EPB) tendon is located at the radial aspect
of the EPL tendon and deep to the radial sagittal band and
extensor hood. The AbPB tendon and RCL blend together
and are difficult to separate. Volar plate (short black
arrow). S sesamoids, FPL flexor pollicis longus, UCL
ulnar collateral ligament, RCL radial collateral ligament

and can continue to attach to the distal phalanx
along with the EPL tendon [35]. The dorsal plate
does not have well-defined attachments to the
metacarpal and proximal phalanx, and a synovial
recess may be seen deep to the dorsal plate and
EPB insertion, mimicking a dorsal plate injury
[36]. The thumb extensor tendons do not branch
into central and lateral slips as in the digits [30].

The extensor hood is the connective tissue
that envelops the extensor tendons and consists
of the sagittal band at the level of the MCP joint
and the triangular expansion more distally. The
sagittal band of the first MCP joint maintains the
EPL tendon in the midline and is visible on MR
imaging [30] (Fig. 10.20). The triangular expan-
sion is the distal extension of the extensor hood
beyond the sagittal band and envelops the EPL

Fig. 10.21 Uinar collateral ligament (UCL) at the MCP
Jjoint. Coronal PD-weighted image of the first MCP joint
at the level of the proximal attachment of the UCL (white

arrow). Note adductor aponeurosis (black arrows)
depicted as a thin layer located superficially to the UCL

tendon as it extends to its insertion to the distal
phalanx [30]. It is typically not visible on MR
imaging. The AdP aponeurosis contributes fibers
to the ulnar side of extensor hood (Fig. 10.20),
whereas the AbPB and FPB tendons contribute
fibers from the radial side [30]. The AdP aponeu-
rosis overlies the UCL in a somewhat oblique
plane and has an attachment to the EPL tendon
(Figs. 10.20 and 10.21). The close relationship
of the AdP aponeurosis and UCL predisposes to
a stener lesion, where the AdP aponeurosis is
interposed between a torn retracted UCL and
prevents proper ligament healing. The AbPB ten-
don passes over the radial side of the joint to
attach to the radial base of the proximal phalanx.
The AbPB aponeurosis overlies the RCL and
blends with radial side of the sagittal band and
extensor hood (Figs. 10.17 and 10.20) [30]. The
sagittal band blends with the collateral ligaments
at the periphery at the MCP joint and is indi-
rectly connected to the sesamoid bones and volar
plate [30].



206

T. Gorbachova et al.

Fig. 10.22 Pulleys of
the thumb. The Al
pulley is located at the
level of the MCP, and
the A2 pulley is at the
level of the
interphalangeal (IP)
joint. The oblique pulley
courses obliquely at the
level of the mid-
proximal phalanx and is
associated proximally
with the insertion of the
adductor aponeurosis.
The variable pulley is
located between the Al
and the oblique pulley.
FPL flexor pollicis
longus tendon

A2 pulley

Pulleys of the Thumb

The pulleys of the thumb function to keep the
FPL tendon in close apposition to the phalanges
and only consist of annular pulleys, unlike other
fingers [30]. The first annular pulley (A1) is at the
level of the MCP joint. It is a transverse retinacu-
lar structure that covers the MCP joint with the
proximal two thirds of the volar plate [36]. It is
intimately associated with the sesamoid bones
[30]. It can be difficult to distinguish on MR
imaging. The second annular pulley (A2) is a
transverse retinacular structure at the level of the
interphalangeal joint and is fused with the volar
plate and the base of the distal phalanx [36]
(Fig. 10.22).

The oblique annular pulley is located between
the first and second annular pulleys at the level of
the mid-proximal phalanx and courses obliquely
from the ulnar side of the base of the proximal
phalanx to the radial side of the base of the distal
phalanx [36]. The proximal ulnar attachment of
the oblique annular pulley is intimately associ-

Variable pulley

FPL tendon

Oblique pulley

A1 pulley

Fig. 10.23 Normal MRI of pulley anatomy. Variable pul-
ley depicted on axial proton density-weighted image at
the level of the first proximal phalangeal base, distal to the
Al pulley. The radial limb (black arrow) is normally lon-
ger than the ulnar limb (white arrow)

ated with the attachment of the adductor aponeu-
rosis [37]. The variable annular pulley is located
between the first annular and the oblique annular
pulley at the level of the proximal phalanx base.
The radial limb is longer than the ulnar limb nor-
mally (Fig. 10.23) [30].
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MRI Optimization

When imaging the hand, fingers, or thumb, MR
imaging optimization strategies are focused on
(1) proper patient and extremity positioning to
ensure both patient’s comfort and image quality,
(2) selecting appropriate coverage with respect to
the zonal anatomy to answer specific clinical
questions, and (3) obtaining high-resolution
images in planes prescribed to the region of
interest.

=

Fig. 10.24 Optimizing patient positioning. The arm is
positioned at the side with the hand in the coil which max-
imizes patient comfort, reduces motion artifact, and
allows for diagnostic images even though the area of inter-
est is not centered in the magnet

Fig. 10.25 Optimizing patient positioning. The so-called
superman position is typically poorly tolerated by patients,
in part due to hyperextension of the shoulder. The discom-
fort may be alleviated by propping the patient’s body with

For imaging of the fingers, the patient can be
positioned supine or decubitus with the hand at
the side of the patient (Fig. 10.24). This posi-
tioning may not always be achievable due to coil
design and patient size. The image quality may
also be negatively affected by field heterogene-
ity when the hand is located at the periphery of
the bore of the MR imaging unit. A standard
position of the hand in the magnet designed to
place the hand close to the isocenter of the bore
(the so called superman position, with the
patient lying prone with the arm elevated above
the head) is often poorly tolerated by patients.
The discomfort can be alleviated by propping
the patient’s body with pillows to decrease the
extension at the shoulder (Fig. 10.25). When
bilateral hand MR imaging is requested, for
example, for evaluation of inflammatory arthri-
tis, both hands may be placed in the extremity
coils and imaged simultaneously in the “prayer
position” or “fetal-praying,” allowing assess-
ment of disease symmetry and minimizing the
duration of the study (Fig. 10.26) [38, 39].
Padding and splint immobilization can increase
comfort and minimize motion.

High-resolution imaging of the small struc-
tures in the fingers and thumb requires the use
of a local coil. Although the coil should be as
small as possible to provide a field of view
(FOV) suitable for the area of interest to maxi-
mize the signal-to-noise (SNR) ratio, wrist or
extremity coils can provide an extended FOV

pillows to decrease the angle of flexion at the shoulder
joint. (Images courtesy of Dr. David A. Rubin, All Pro
Orthopedic Imaging Consultants, ST Louis MO)
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Fig. 10.26 Optimizing patient positioning. Decubitus
positioning for simultaneous imaging of both hands and
wrists. “Fetal-praying” position (a—c) with the patient
lying on the side with the shoulders, elbows, hips, and
knees flexed, the palms are placed in the extremity coil
and positioned slightly cranial. Sufficient padding is uti-
lized to ensure patient’s comfort. Sagittal scout gradient

which may be necessary to image the proximal
extent of tendons, synovial sheath anatomy,
tumor staging, or arthritis screening [40]. When
evaluating flexor tendon injuries in particular,
the imaging protocol should address both the

echo recalled image (d) shows placement of the marker
(arrow) to denote the right side. Axial Tl-weighted
contrast-enhanced fat-suppressed image of a patient with
rheumatoid arthritis (e) allows simultaneous assessment
of both hands with a single injection. (Images courtesy of
Dr. David A. Rubin, All Pro Orthopedic Imaging
Consultants, ST Louis MO)

site of the injury and the potential for signifi-
cant retraction of the proximal tendon stump.
Dependent on the degree of retraction, either
extending or moving the FOV proximally may
be necessary (Fig. 10.27).
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Fig. 10.27 Optimizing coverage. Sagittal proton density-
weighted fat-suppressed image of the ring finger in a
46-year-old female with a tender mass at the palm of the
hand and loss of fourth DIP flexion demonstrates full-
thickness rupture of the fourth FDP (arrowhead) distally
to Zone II with proximal tendon stump (arrow) retracted
to Zone 111

For dedicated imaging of the fingers and
thumb, the FOV and slice thickness should be
minimized in order to maximize spatial resolu-

209

tion with acceptable SNR. The FOV typically
ranges from 6 to 12 centimeters, and slice thick-
ness should be 2—3 millimeters in the sagittal and
coronal planes and 3—4 mm in axial planes. The
in-plane resolution should be less than 0.5 mm
pixel size (FOV divided by the matrix size) [16,
40]. Higher resolution may be achieved with 3T
MR imaging units and specially designed local
coils. Increasing matrix size to achieve high reso-
lution typically results in increased scanning time
that can lead to patient discomfort and motion
artifact. Parallel imaging and increase interslice
gap may be used to mitigate this and decrease
scanning time. Three-dimensional gradient echo
sequences produce images of high SNR and spa-
tial resolution and allow creating reformations in
multiple planes.

The imaging planes must be prescribed with
respect to a finger or a thumb rather than the
hand or wrist. For internal comparison, the
adjacent finger should be included in the
FOV. In dedicated MR imaging of the thumb,
the hand should be positioned so that the thumb
is aligned parallel to the main magnetic field in
a slightly abducted position. An axial image
through the head of the first metacarpal and col-
lateral ligaments may be used to prescribe true
sagittal and coronal planes of the thumb
(Fig. 10.28).

In order to minimize magic angle artifact,
the fingers should be extended and aligned
with their long axis parallel to the main mag-
netic field. The exception to this is imaging of
an annular pulley injury, where the finger of
interest can be imaged at 35-40 degrees of
flexion to depict bowstringing of the tendon
and provide a useful secondary sign of pulley
injury [41, 42].
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Fig. 10.28 Optimizing imaging planes of the thumb.
Coronal and sagittal imaging planes are planned orthogo-
nally on the axial image (a) at the level of the metacarpal
(MC1) head. The coronal sections (dashed lines) should
traverse parallel to the plane between the UCL and RCL
(white arrows), producing a true coronal image at the
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Hand Pathology: Traumatic

Erin F. Alaia

Osseous Trauma
Metacarpal Fractures

Metacarpal fractures comprise approximately
one-fifth of all hand fractures [1]. Metacarpal
head fractures are considered rare injuries and,
when encountered, are most commonly intra-
articular and involve the second metacarpal head,
due to the exposed border location and relative
lack of second carpometacarpal joint mobility [2,
3]. Fractures with large articular surface defects
are commonly treated surgically to restore con-
gruence of the articular surface [3]. Metacarpal
head fractures may be complicated by avascular
necrosis [4].

Fractures of the metacarpal neck are com-
monly referred to as Boxer’s fractures, observed
when the metacarpophalangeal joint is clenched
and strikes a solid object (i.e., a wall), most
commonly observed at the fifth metacarpal
neck [2]. Fractures of the metacarpal shaft may
be transverse or oblique, with obliquely ori-
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ented fractures frequently commonly resulting
in rotational deformity and shortening when
displaced [1]. Surgical management may be
considered for significant angular deformity,
irreducibility, open fractures, and rotational
malalignment [5].

Metacarpal base fractures should be closely
examined for intra-articular involvement. The
most common intra-articular fracture is seen at
the base of the fifth metacarpal, mechanistically
similar to fracture of the first metacarpal base,
and occasionally referred to as “reverse Bennett”
or “baby Bennett” fracture (Fig. 11.1). Optimal
management of the “reverse Bennett” fracture is
debated, although most recommend surgical
management of displaced fractures to prevent
premature osteoarthritis, weaker grip, and limita-
tions in range of motion [4].

MRI is uncommonly indicated for the diagno-
sis of isolated metacarpal fracture but may be
ordered to evaluate for radiographically occult
fracture and intra-articular extension and to eval-
uate for injury of supporting structures or the
regional soft tissues. T1-weighted images will
display the fracture as discrete linear low T1 sig-
nal, with regional marrow edema on fluid-
sensitive images (Fig. 11.2). Contusion will
appear as marrow edema, but without a discrete
fracture line.
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Fig. 11.1 Reverse Bennett fracture in a 24-year-old
female. Frontal wrist radiograph demonstrates an
obliquely oriented, mildly displaced intra-articular frac-
ture along the radial base of the fifth metacarpal (arrow),
also known as a reverse Bennett fracture

Phalangeal Fractures

Phalangeal fractures occur more commonly than
fractures of the metacarpals. Over half of all pha-
langeal fractures involve the distal phalanx,
followed by the proximal phalanx, and least com-
monly the middle phalanx. Fractures may involve
the shaft, head, or base and should be classified
as intra-articular or extra-articular. Avulsion frac-
tures may occur at the flexor or extensor tendon,
collateral ligament (Fig. 11.3), or capsular attach-
ments. Pathologic fractures of the phalanges are
rare and most commonly are seen in patients with
enchondroma [1] (Fig. 11.4).

Distal phalanx fractures may include fracture
of the tuft, shaft, or articular surface and inserting
structures [6]. Distal phalanx tuft fractures may
be accompanied by a subungual hematoma or
injury to the nail plate [2]. Although tuft fractures
may fail to achieve bony union, even months
after the injury, they may instead achieve a stable
fibrous union [6]. Fractures of the distal phalanx
shaft may be transverse or longitudinal in

Fig. 11.2 Fifth metacarpal fracture in a 22-year-old
male. Coronal T1 image (a) shows a nondisplaced hairline
fracture (arrow) of the fifth metacarpal neck, with the

coronal T2 fat-suppressed image (b) showing regional
marrow edema (arrow)



11 Hand Pathology: Traumatic

215

Fig. 11.3 Displaced radial collateral ligament avulsion
fractures in a 36-year-old female. Frontal hand radio-
graph (a) demonstrates displaced avulsion fractures along
the radial base of the third and fourth proximal phalanges

orientation. Nondisplaced shaft fractures, stabi-
lized by the regional soft tissues, may heal with
conservative measures alone, while displaced
fractures may require percutaneous pinning [2].
Articular fractures of the distal phalanx, unlike
fractures of the shaft and tuft, are more likely to
occur due to closed injury. Articular fractures

(arrows), with rotation of the third phalangeal base frac-
ture. Coronal T2 fat-suppressed (b) and proton density (c)
images confirm bony avulsion of the third and fourth
metacarpophalangeal radial collateral ligaments (arrows)

include fractures of the palmar base, the dorsal
base, and, in the pediatric population, epiphyseal
separation injuries. Palmar and dorsal base artic-
ular fractures will be discussed in detail under
injury to the flexor and extensor tendons, respec-
tively. Epiphyseal separation injuries include the
pediatric Seymour fracture. Seymour fractures
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Fig. 11.4 Pathologic
fracture of a distal
phalanx enchondroma in
a 58-year-old female.
Sagittal T2 fat-
suppressed MRI of the
index finger (a)
demonstrates near
complete replacement of
the distal phalanx by an
expansile, lobular
T2-hyperintense lesion
with central
mineralization,
characteristic of an
enchondroma (arrows).
Dedicated lateral finger
radiograph (b) better
depicts a pathologic
fracture along the dorsal
base, with breakthrough
of the cortex (arrow)

are displaced fractures of the distal phalanx
which traverse the physis and have an associated
nail bed laceration. Clinically, the distal phalanx
may be dorsally angulated and may mimic a mal-
let finger injury, with the base of the nail lying
superficial to the nail fold [7]. MRI may be indi-
cated in Seymour fractures to evaluate for inter-
position of the nail germinal matrix between
fracture fragments (Fig. 11.5). Failure to recog-
nize and treat the Seymour fracture may result in
physeal arrest, deformity of the nail plate, or
chronic osteomyelitis [8].

The less common middle and proximal pha-
langeal fractures can be classified as articular or
nonarticular. Nonarticular fractures include
fractures of the neck, shaft, or phalanx base
(Fig. 11.6). Articular fractures include condylar

fractures (unicondylar or bicondylar) (Fig. 11.7),
comminuted fractures, base fractures (involving
the dorsal or volar lip or the lateral base), fracture
dislocations, and finally intra-articular shaft frac-
tures [2]. Open reduction and internal fixation
may be indicated for significant displacement,
instability, and malrotation or to restore congru-
ency of the articular surface [2, 9]. Displaced uni-
condylar or bicondylar intra-articular fractures
are considered unstable due to articular surface
involvement and potential rotational instability
and are usually indicated for surgery [5, 9].

MRI may be indicated for avulsion fractures
at the collateral ligament (lateral base), volar
plate (volar base lip), or extensor tendon central
slip attachment (dorsal middle phalanx base).
MRI will confirm involvement of the
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Fig. 11.5 Fracture of
the distal phalanx with
interposed germinal
matrix in a 13-year-old
Jfemale. Radiograph of
the second digit (a)
shows a fracture along
the proximal metaphysis
of the distal phalanx,
with widening of the
fracture gap along the
dorsal margin (arrow).
Sagittal T1 fat-
suppressed post-contrast
MRI (b) demonstrates
enhancing soft tissue
(arrow), confirmed at
surgery to represent
displaced germinal
matrix, interposed along
the dorsal fracture
margin

capsuloligamentous or tendon attachment and
the extent of soft tissue injury and will demon-
strate any potential intra-articular displacement
of the capsuloligamentous structures.

Ligamentous Pathology
and Dislocations

Metacarpophalangeal and interphalangeal dislo-
cations may be subcategorized as volar, dorsal, or
lateral in direction and as simple or complex inju-

ries. Dislocations are defined as simple when the
joint is reduced by closed manipulation and com-
plex when interposed soft tissue (i.e., collateral
ligament, volar plate, joint capsule) prevents
complete closed reduction. Subcategories are
defined on the direction of the distal bone in
relation to the proximal bone at the level of dislo-
cation. Most dislocations are dorsal in direction.
Lateral dislocations, or more commonly lateral
subluxations, occur secondary to a rotatory
mechanism and involve tears of one collateral
ligament and at least partial tears of the volar
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Fig. 11.6 Phalanx anatomy. Nonarticular fractures do
not extend into the joint space and can involve the tuft
(red) and neck (blue) of the phalanx. Articular fractures do
extend into the joint space and can involve the condyles or
head (green) of the phalanx. Base (pink) and shaft
(orange) fractures may be articular or nonarticular
depending on direction of force and extent of fracture line.
In a skeletally immature patient, the base is comprised of
the epiphysis, physis (growth plate), and metaphysis as
annotated

plate. The rare volar dislocation is frequently
irreducible due to soft tissue entrapment. The
highly stable anatomic configuration of the finger
interphalangeal joint resists dislocation, which
will occur only if the structure is disrupted in at
least two planes [2]. Most interphalangeal joint

dislocations are dorsal and the result of hyperex-
tension injury. Most interphalangeal dislocations
are associated with a volar plate tear. If the volar
plate tear has an associated fracture fragment,
this may be the only imaging clue to severity of
the injury if the joint is reduced at the time of
radiographic imaging [1].

Most commonly, the collateral ligaments tear
proximally, while the volar plate avulses distally
at the phalanx base attachment [2]. Distal inter-
phalangeal joint dislocations are less common
than those of the proximal interphalangeal joint
due to a shorter-level arm provided by the distal
phalanx and stabilizing effects of the inserting
flexor and extensor tendons [2].

Pilon injuries are occasionally seen and are
the result of an axial load injury to the digit, typi-
cally fracturing the middle phalanx base, with
involvement of both the volar and dorsal lip and
with comminution and depression of the central
articular surface [10] (Fig. 11.8).

Stability ~ of  interphalangeal  fracture-
dislocation injuries is evaluated by whether or
not a well-aligned reduction is achieved [10]. The
extent to which the fracture involves the articular
surface is useful in predicting stability. Fractures
involving less than 30% of the articular surface
are typically stable, while those with more than
50% articular surface involvement are typically
unstable, with stability harder to predict when
30-50% of the articular surface is involved [10].
Dedicated small field-of-view MRI of the injured
finger can evaluate for incomplete reduction on
sagittal images, which will appear as the “V”
sign or a crescent-shaped gap along the dorsal or
volar margin, indicative of instability [2, 11]
(Fig. 11.9). MRI may also reveal intrasubstance
or avulsive tears of the collateral ligaments, tears
of the volar plate, contusion of the volar base of
the middle phalanx and dorsal head of the proxi-
mal phalanx in dorsal dislocation, or contusion of
one of the proximal phalanx head condyles if
there is a rotatory component to the mechanism
of injury [5] (Fig. 11.10).
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Fig. 11.7 Condylar
fracture types.
Unicondylar fractures
involve one condyle of
the phalanx head and are
described as transverse,
short oblique, or long
oblique depending on
fracture length and
orientation. Bicondylar
fractures involve both
condyles of the phalanx
head

E

Unicondylar

Bicondylar
|

Transverse

Metacarpophalangeal joint dislocations occur
less commonly than those of the interphalangeal
joint and typically occur after fall on an out-
stretched hand, producing hyperextension and
dorsal dislocation, most often involving the index
finger. The hyperextension injury mechanism
leading to dorsal dislocation causes avulsion of
the volar plate from the metacarpal neck attach-
ment, producing a simple injury when soft tissue
is not interposed within the joint and closed
reduction can be achieved and a complex injury
when soft tissue (most often the volar plate) is
interposed within the joint and closed reduction
is not achieved. Occasionally, a rotational injury

Short Oblique

I I
Long Oblique

mechanism may lead to injury of the collateral
ligaments [12].

MRI will evaluate the integrity of the volar
plate and any displacement of the structure pro-
ducing interposition within the metacarpophalan-
geal joint. Collateral ligaments should also be
closely examined for sprain or tear, as well as
occasional articular interposition, with isolated
collateral ligament tears producing lateral devia-
tion (Fig. 11.11).

Carpometacarpal dislocations of the second
through fifth digits are uncommon. Of the carpo-
metacarpal articulations, the fifth carpometacar-
pal joint is the most commonly injured, and in
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Fig. 11.8 Pilon injury
in a 21-year-old male.
Lateral (a) and oblique
(b) radiographs show a
pilon fracture of the
middle phalanx base of
the third digit (arrows)
resulting from an axial
load injury, with marked
impaction and
displacement of fracture
fragments and offset
along the articular
surface

80% of injuries, fifth carpometacarpal joint dislo-
cation occurs in combination with injury to
another metacarpal [1]. Due to the extent and
strength of regional supporting ligaments at the
carpometacarpal joints, fracture dislocation and
not pure dislocation injuries are more commonly
observed [13]. Carpometacarpal dislocations are
occasionally subtle and should be carefully scru-
tinized in patients with fractures of the metacar-
pal bases, as well as the dorsal and distal surfaces
of the carpal bones, particularly the dorsal
hamate. Dorsal hamate fractures associated with
fifth carpometacarpal dislocations may demon-
strate a range of appearances, ranging from sim-
ple dorsal avulsion fracture (Fig. 11.12), a
comminuted dorsal compression fracture, or a
split fracture in the coronal plane [1].

Soft Tissue Pathology
Extensor Tendon Injury

Finger extensor tendons are prone to injury due
to the superficial location and thin, flat structure.
Injuries are classified as either acute or chronic
and open (i.e., laceration) or closed. Tears of the
extensor tendons rarely demonstrate an appre-
ciable gap, owing this to the complex intercom-
municating extensor tendon network. Extensor
tendons are reinforced at multiple levels and are
extra-synovial in location, with the tendons cov-
ered by a paratenon instead of a discrete tendon
sheath at the finger level. Thus, any retraction of
a torn extensor tendon at the level of the finger is
more likely due to disproportionate or unopposed
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Fig. 11.9 Volar subluxation producing the “V-sign” in a
75-year-old female. Sagittal T2 fat-suppressed image
demonstrates volar subluxation of the middle phalanx,
producing abnormal V-shaped gapping along the volar
joint, indicative of instability

flexor tendon pull [13]. Injuries to the complex
extensor apparatus are best categorized by zone
of injury. Chapter 10, Hand Anatomy, provides a
detailed discussion of normal anatomic zones of
the extensor tendons.

Zone 1

A classic injury to the finger extensor mecha-
nism is the mallet finger injury, a zone 1 (distal
interphalangeal joint) soft tissue or bony avul-
sion of the terminal extensor tendon [2]
(Fig. 11.13). The injury pattern occurs when the
actively extended distal interphalangeal joint is
forced into sudden flexion [6]. The term mallet
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finger was employed due to the lateral view
appearance of the injury, likened to a mallet,
but due to the observation of this injury pattern
in baseball players, the term baseball finger has
also been used [1]. In approximately 5% of
injuries, a swan-neck deformity will appear,
with flexion of the distal interphalangeal joint
and hyperextension of the proximal interpha-
langeal joint [1]. The secondary swan-neck
deformity typically develops in patients with
traumatic or congenital laxity of the proximal
interphalangeal joint volar plate, with the cen-
tral slip overcompensating at the proximal
interphalangeal joint [2].

Doyle classified mallet finger injury pattern
into four subtypes: closed injury with or without
dorsal bony avulsion (type 1, most common),
open injury with laceration (type 2), open injury
with loss of tendon and soft tissue substance
(type 3), and avulsion fractures (type 4) which
are further subclassified into pediatric tran-
sepiphyseal plate fractures (type 4A), hyperflex-
ion injury with fractures involving 20-50% of the
articular surface (type 4B), and finally hyperex-
tension injury, with fractures involving greater
than 50% of the articular surface (type 4C) [2].

While there is some controversy over the
treatment of mallet finger injuries, most agree
that nondisplaced fractures may heal with splint-
ing alone, while displaced fractures comprising
more than one-third of the articular surface which
do not reduce when the finger is splinted in
extension are traditionally addressed with open
reduction and internal fixation [6].

Zone 2

Zone 2 injuries involve tendon laceration at the
level of the dorsal middle phalanx, with injury
to one or both of the lateral bands, injury to the
triangular ligament, or injury to both the lateral
band(s) and the triangular ligament. Since only
one lateral band is required to achieve full
extension of the distal interphalangeal joint,
single lateral band injuries can typically be
managed with conservative measures alone,
while more extensive injury will require surgi-
cal intervention [2, 14].
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Fig. 11.10 Volar plate
avulsion fracture in a
21-year-old female.
Lateral radiograph of the
index finger (a) and
sagittal T2 fat-
suppressed MR image
(b) show a small
distracted and rotated
avulsion fracture at the
middle phalanx base
(arrows). MRI confirms
involvement of the volar
plate attachment, with
contusion of the
proximal phalanx head
and middle phalanx base

Zone3

At the proximal interphalangeal joint level, injury
to the extensor apparatus may involve the lateral
bands, the central slip, or both structures, produc-
ing the boutonniere deformity, with proximal
interphalangeal joint extensor lag and distal
interphalangeal  joint  hyperextension  [2]
(Fig. 11.14). Surgical management in central slip
injuries is typically reserved for open injury,
failed conservative management, displaced avul-
sion fractures, and proximal interphalangeal joint
instability [14].

Zone 4

Zone 4 injuries are usually tendon lacerations at
the level of the proximal phalanx. Close apposi-
tion of the extensor tendon to the convex bony
contour of the proximal phalanx usually produces
only partial tendon lacerations, and associated

proximal phalanx fractures are occasionally seen.
Lacerations greater than 50% tendon thickness
and complete tears are traditionally treated surgi-
cally [2].

Zone 5
Zone 5 injuries to the extensor apparatus over-
lie the metacarpophalangeal joint and fre-
quently occur when a clenched fist strikes
someone in the mouth (fight bite), most often
involving the middle finger. Extensor tendon
injury frequently is only partial but has less
clinical importance than the implications of
inoculating the metacarpophalangeal joint with
bacteria from the mouth, which may produce a
septic joint [14].

Blunt injury to the extensor apparatus at the
metacarpophalangeal joint level may cause lac-
eration of the sagittal band. The middle finger,
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Fig. 11.11 Fifth metacarpophalangeal joint volar plate
and radial collateral ligament tear in a 68-year-old
female. Sagittal T2 fat-suppressed (a) and coronal STIR
(b) MRI images show a complete tear of the volar plate
(black arrow), at the level of the metacarpal neck attach-

radial portion of the sagittal band, is the most
common injury location, with resultant ulnar
subluxation of the extensor tendon (Fig. 11.15).
Three types of sagittal band injury have been
described: type I injury, in which the band is con-
tused with mild injury, but no discrete tear; type 2
injury, the sagittal band tears, with extensor
tendon subluxation; and fype 3 injury, the band
tears and the tendon completely dislocates [15].

Zone 6

Injury to the extensor tendon at the level of the
metacarpal has a more favorable outcome, due to
less common associated joint injury, decreased
risk of adhesions, and lower probability of ten-
don imbalance [2].

ment, as well as a tear more distally near the phalangeal
base attachment (white arrow), while coronal image
shows a complete intrasubstance tear of the radial collat-
eral ligament (dashed arrow)

MRI evaluation of the extensor apparatus
should focus on integrity of the terminal tendon,
lateral bands, and the central slip, best revealed in
the sagittal and axial plane [16]. The tear should
be characterized as low- (<50%) or high-grade
(50% or greater) if partial thickness. Any associ-
ated avulsion fracture should be described in
terms of size and extent of articular surface
involvement [17, 18]. Sagittal band injuries can
be evaluated for in the axial plane, which will
show position of the extensor tendon relative to
the metacarpal head, as well as sagittal band
sprain/contusion, appearing as band thickening
and increased T2 signal, but no discrete tear, ver-
sus partial or complete sagittal band tear.
Adhesions, if present, will demonstrate blurring
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Fig. 11.12 Carpometacarpal dislocation with dorsal
hamate fracture. Mechanism of injury for dorsal hamate
fracture is illustrated in the setting of carpometacarpal dis-
location. V Volar, D dorsal, H hamate, MC metacarpal

along the torn tendon margin and scarring of the
regional subcutaneous fat, with the normal ten-
don anatomy distorted. Open wounds may show
retained metallic foreign bodies appearing as sus-
ceptibility artifact [19].

Flexor Tendon Injury

Flexor tendon injuries should be classified as
open or closed, with most avulsion injuries being
closed injuries, and lacerations classified as open
injuries. Flexor tendon injuries should be
described according to one of the five anatomic
zones of injury. Chapter 10, Hand Anatomy, pro-
vides a detailed discussion of normal anatomic
zones of the flexor tendons.

Zone 1

Zone 1 injuries include laceration or avulsions of
the flexor digitorum profundus distal to the flexor
digitorum superficialis insertion [2]. Closed
injury of the finger flexor tendon most commonly
involves an avulsion of the flexor digitorum pro-
fundus attachment at the palmar base of the distal

E.F. Alaia

Fig. 11.13 Soft tissue mallet finger injury in a 67-year-
old male. Sagittal T2 fat-suppressed image of the ring fin-
ger shows avulsion of the fourth digit terminal extensor
tendon from the dorsal phalanx base attachment (arrow),
with subtle flexion of the distal interphalangeal joint

phalanx, referred to as the “jersey finger”
(Fig. 11.16). This injury classically occurs when
the actively flexed distal interphalangeal joint is
forced into sudden hyperextension, as may occur
when a player grabs a jersey and the opponent
pulls away suddenly and forcefully. This injury
pattern most commonly occurs in the ring finger,
likely due to the weaker flexor tendon attachment
of this digit [6].

Avulsions of the flexor digitorum profundus
are categorized into three distinct injury pattern
subtypes by Leddy and Packer: Type I injuries
include tendon avulsions retracted to the level of
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Fig. 11.14 Central slip avulsion in a 27-year-old male.
Sagittal gradient echo image of the fifth digit demon-
strates avulsion of the central slip of the fifth digit exten-
sor tendon, with the stump proximally migrated and
mildly redundant (arrow), with associated boutonniere
deformity

Fig. 11.15 Sagittal band injury in a 73-year-old male.
Axial T2 fat-suppressed image of the hand shows a com-
plete tear of the radial sagittal band of the third metacar-
pophalangeal joint (arrowhead), with resultant mild-ulnar
subluxation of the third digit extensor tendon (arrow)
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Fig. 11.16 Flexor digitorum profundus avulsion in a
21-year old male. Sagittal proton density fat-suppressed
image of the middle finger shows a complete avulsion of
the flexor digitorum profundus tendon from the volar dis-
tal phalanx base attachment with retraction (arrow). Note
soft tissue along the volar distal interphalangeal joint rep-
resents an intact volar plate (arrowhead), and not the distal
tendon stump

the palm with rupture of both the short and long
vinculae which provide vascular supply to the
phalangeal portion of the flexor tendon, thus
requiring early surgical reattachment in order to
avoid tendon necrosis and contraction. Type 2
injuries include small bony avulsions which
retract to the level of the proximal interphalan-
geal joint, with the long vinculum, and thus a
portion of the tendon’s blood supply, remaining
intact. Surgical reattachment is advised for type 2
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Fig. 11.17 Zone 2 flexor tendon laceration in a 58-year-
old female. Sagittal T2 fat-suppressed image (a) reveals a
zone 2 laceration of the fifth digit flexor digitorum profun-
dus, with retracted proximal stump (arrow), distal stump

injuries, although emergent intervention is not
required, as in type 1 injuries, due to the remain-
ing vascular supply. Type 3 injuries have a large
bony avulsion fragment which retracts just proxi-
mal to the distal interphalangeal joint, with the
degree of retraction limited by the A4 pulley.
Type 3 injuries are typically treated with open
reduction and internal fixation [20].

Zone 2

Zone 2 injuries, the so-called no man’s land,
involve lacerations from the level of the Al pul-
ley to the level of the flexor digitorum superficia-
lis attachment, often involving both the flexor
digitorum and profundus tendons and carrying
the worst prognosis [2, 21] (Fig. 11.17). The
flexor digitorum superficialis tendon may be
avulsed by closed injury mechanism but is rarely
injured in isolation. A flexor digitorum superfici-
alis avulsion will more commonly be seen in
combination with a simultaneous flexor profun-
dus injury [13].

Zones 3-5
Laceration of the flexor mechanism in zones 3-5
may involve injury to both the flexor digitorum

fibers (arrowhead), and large intervening tendon gap.
Axial T2 sat-suppressed image (b) shows the absence of
the flexor digitorum profundus, with the flexor digitorum
superficialis remaining intact (arrow)

superficialis and profundus tendon, as well as the
neurovascular supply [2].

Timing of flexor tendon repair is dependent
upon history and physical exam, with urgent
repair indicated for compromised digital perfu-
sion requiring microvascular repair or recon-
struction [2].

High-resolution MRI tailored to the digit of
concern will best demonstrate a fluid-filled defect
at the site of flexor tendon tear, with the axial and
sagittal plane most useful for flexor tendon
pathology [16]. Larger avulsion fractures will
show frank cortical disruption at the fracture site,
with associated marrow edema. Smaller avulsion
fractures, however, may only be appreciated on
radiographs. Occasionally, flexor tendon tears
will be accompanied by tenosynovitis, with the
tendon sheath and involved pulleys thickening
over time, mimicking a trigger finger on clinical
exam [17].

Flexor Pulley Injuries

Pulley injuries are classically observed in rock
climbers, most often affecting the ring finger,
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Fig. 11.18 Pulley injury and bowstringing in a 41-year-
old male. Axial STIR (a) image shows complete tear of
the third digit A2 pulley (arrows), with the flexor tendon
(arrowhead) palmarly displaced, with marked gapping
between the phalanx and the flexor tendon. Sagittal image

with the A2 pulley the most commonly injured.
Pulley rupture occurs when the finger is in the
crimp position, wherein the PIP joint is in at least
90 degrees of flexion and the DIP joint is hyper-
extended, generating high tensile forces in the
flexor digitorum profundus and superficialis,
leading eventually to pulley rupture. Significant
bowstringing of the flexor tendon will not occur
unless sequential pulleys are ruptured, almost
always including the A2 and A4 pulleys [22, 23].

On MRI, pulley tears demonstrate discrete
discontinuity of pulley fibers, which will become
more apparent with bowstringing, when the
flexor tendon is displaced from the underlying
phalanx (Fig. 11.18). Ancillary findings in pulley
injury may include soft tissue edema surrounding
the pulley and/or tenosynovitis [17].
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Carpometacarpal Joint

Stabilizers of the Carpometacarpal
Joint

The first carpometacarpal joint, with a shallow
articular surface, allows for wide range of motion
of the thumb. While there have been numerous
ligaments described at the level of the carpometa-
carpal joint in cadaveric specimens, many are
below the resolution of imaging and may not be
integral to joint stability. Essential ligamentous
support of the carpometacarpal joint can be cate-
gorized by location: dorsal, intermetacarpal,
volar, and ulnar (Fig. 12.1).

The dorsal support ligaments, the dorsal radial
and posterior oblique ligaments, arise from the
dorsal tubercle of the trapezium. At the dorsal
aspect of the first metacarpal base, the dorsal
radial ligament inserts radially and the posterior
oblique ligament along the ulnar aspect. These
structures act as the primary resistors to dorsora-
dial dislocation of the first metacarpal. The
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abductor pollicis longus and extensor pollicis
brevis tendons lie immediately superficial to the
dorsal radial and posterior oblique ligaments,
respectively. These overlying tendons assist in
stabilization of the joint and can aid in identifica-
tion of the ligaments (Fig. 12.2). The two liga-
ments are usually not resolved individually on
MRI and therefore can be identified as the dorsal
ligament complex [1-3].

The intermetacarpal ligament, best seen on
oblique coronal sequences at the base of the
metacarpal, bridges the dorsoradial aspect of the
second metacarpal to the volar-ulnar tubercle of
the first metacarpal base (Fig. 12.3). It primarily
resists radial translation of the thumb
metacarpal.

Volarly, the anterior oblique ligament spans
the trapezium and metacarpal base and is inti-
mately associated with the joint capsule and
overlying thenar muscles (Fig. 12.4). The ante-
rior oblique ligament has also been described to
have a superficial and a deep, intra-articular com-
ponent, which may give it a striated appearance.
Degeneration of the anterior oblique ligament is
thought to be the primary contributor to osteoar-
thritis of the carpometacarpal joint, and repair of
the anterior oblique ligament is the target of car-
pometacarpal joint reconstruction for its biome-
chanical significance [4].
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Fig. 12.1 Carpometacarpal ligamentous stabilizers.
Posteroanterior (PA) oblique radiograph of the base of the
thumb with the locations of the anterior oblique ligament
(blue) and intermetacarpal ligament (yellow) highlighted
(a). Note that the anterior oblique ligament has a superfi-
cial component and a deep, intra-articular component. PA

Finally, the ulnar collateral ligament spans the
flexor retinaculum/trapezium and volar-ulnar
base of the first metacarpal, providing additional
support to the anterior oblique ligament. On
MR, it generally cannot be resolved as a separate
structure from the anterior oblique ligament.

radiographic view of the base of the thumb demonstrating
the dorsal ligament complex (red) at the carpometacarpal
joint (b). The dorsal radial ligament is located more radi-
ally, and the posterior oblique ligament is more ulnar, but
identifying these structures as two separate ligaments
typically is below the resolution of MRI

Osseous and Ligamentous Injury

The most common injury to the carpometacarpal
joint, often elicited by punching an object with a
clenched fist, is the Bennett fracture, an oblique
intra-articular fracture of the metacarpal base.
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Fig. 12.2 Dorsal ligament complex. Coronal oblique (in
the plane of the dotted line of Fig. 12.2b) T2 fat-saturated
image (a) demonstrating the posterior oblique ligament
(POL), which is the more ulnar component of the dorsal
ligament complex and can be identified by the more
superficial extensor pollicis brevis (EPB) tendon. T2 axial
sequence through the base of the first metacarpal (b) dem-
onstrating the locations of the EPB, abductor pollicis lon-

There is typically a volar avulsion fracture
fragment which remains attached to the deep intra-
articular band of the anterior oblique ligament. As
a result, the fractured fragment maintains its artic-
ular surface attachment, and the remainder of the
metacarpal is displaced radially by the abductor
pollicis longus (Fig. 12.5). This often contributes
to a wide articular diastasis. Treatment may
include closed reduction with percutaneous pin-
ning or open reduction with pinning. Long-term

gus (AbPL), and extensor pollicis longus (EPL) tendons.
Coronal oblique T1 sequence through the carpometacar-
pal joint (c), in the plane of the dotted line in Fig. 12.2d,
demonstrating the dorsal radial ligament (DRL) which is
radial to the POL and deep to the AbPL. T2 axial sequence
(d) highlighting the position of the thumb extensors and
AbPL

clinical outcomes are favorable if anatomic align-
ment is maintained postsurgically [5].

The Rolando fracture is a comminuted intra-
articular fracture of the metacarpal base, with a
“Y-" or “T”-shaped morphology. This typically
appears as a transverse fracture through the meta-
carpal metadiaphysis and longitudinal intra-
articular fracture dividing the articular surface
into volar and dorsal fragments, with central
depression of the articular surface (Fig. 12.6).
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Fig. 12.3 Intermetacarpal ligament. T2 fat-saturated
coronal sequence through the base of the carpometacarpal
joint demonstrating the intermetacarpal ligament (arrow).
Tr trapezium, M first metacarpal, PP first proximal
phalanx

Fig. 12.4 Anterior oblique ligament. T2 coronal oblique
through the carpometacarpal joint. The superficial, intra-
articular (short arrow), and deep (long arrow) components
of the anterior oblique ligaments are seen here. A portion
of the intermetacarpal ligament (blue arrowhead) is also
seen. (Image courtesy of Ali B. Syed, MD from Stanford
University Hospital)

This injury is generally unstable, especially in the
setting of displacement, necessitating surgical
reduction and fixation. MRI is typically not per-
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Fig.12.5 Bennett fracture. A 23-year-old male following
motor vehicle accident. T2 fat-saturated coronal oblique
sequence through the carpometacarpal joint demonstrates
an oblique, intra-articular fracture through the base of the
thumb metacarpal, also known as a Bennett fracture. An
avulsed fracture fragment (asterisk) remains attached to
the anterior oblique ligament (arrow) with the remainder
of the metacarpal (M) displaced radially by the abductor
pollicis longus, contributing to articular diastasis

formed in the setting of diagnostic radiographs as
surgical fixation is the priority [6].

In the absence of fracture, the anterior oblique
ligament is most commonly sprained (Fig. 12.7).
Periligamentous edema, ligament discontinuity,
or ligament avulsion can be seen with periosteal
stripping from the metacarpal attachment. Injury
to the dorsal ligaments will typically occur by a
longitudinally directed force on the thumb in full
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Fig. 12.6 Rolando fracture. Coronal section CT image
through the base of the thumb (a) demonstrating the
Y-shaped configuration of a Rolando fracture, an intra-
articular fracture through the base of the first metacarpal.

flexion or by a direct blow to the thumb web
space, for example, when gripping a bike handle-
bar during impact. Secondary signs are helpful in
identifying ligamentous injury, such as adjacent

PA oblique radiograph of the thumb (b) shows a Rolando
fracture in another patient, as a markedly comminuted and
displaced intra-articular fracture

soft tissue edema, hematoma, or osseous contu-
sion spanning the carpometacarpal joint.
Ganglion cyst formation and ligament thickening
suggest a chronic injury.
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Fig. 12.7 Anterior oblique ligament sprain. T2 fat-
saturated coronal oblique sequence through the carpo-
metacarpal joint shows intrinsic and periligamentous
edema of the dorsal ligament complex (long arrow) and
anterior oblique ligament (short arrow), compatible with
low-grade sprain. This patient suffered from a motor vehi-
cle accident which also contributed to a nondisplaced
fracture of the scaphoid (circle, partially imaged)

Metacarpophalangeal Joint
Metacarpophalangeal Joint Anatomy

The primary static stabilizers of the thumb
metacarpophalangeal (MCP) joint are the ulnar
and radial collateral ligaments, which are each
comprised of a proper and accessory bundle
(Fig. 12.8). The proper ulnar collateral ligament
originates from the medial tubercle of the meta-
carpal condyle and angles volarly to insert at the
base of the proximal phalanx. Similarly, the
proper radial collateral ligament arises from the
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Fig. 12.8 Schematic of ulnar collateral ligaments of the
thumb. Posteroanterior radiograph of the thumb with
depiction of the ulnar collateral ligament. The ulnar col-
lateral ligament is comprised of a proper component more
dorsally (red) and a more volar accessory component
(blue), both of which angle volarly. The accessory bundle
inserts into the ulnar sesamoid and the volar plate (yellow)
located between the sesamoids

lateral tubercle of the metacarpal condyle and
courses in an oblique fashion volarly to insert at
the tubercle of the proximal phalanx. The
accessory ulnar and radial collateral ligaments
are located volar to their proper counterparts
and insert into the volar plate and respective
ulnar and radial sesamoid. The ulnar collateral
ligament is supported by the overlying aponeu-
rosis of the adductor pollicis muscle, which is a
dynamic stabilizer of the metacarpal joint,
resisting valgus stress (Fig. 12.9). The MCP
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Fig. 12.9 Normal MRI appearance of the collateral liga-
ments. T2 fat-saturated sagittal sequence through the
thumb metacarpophalangeal (MCP) joint (a). The ulnar
collateral ligament (arrow) is seen deep to the aponeurosis
of the adductor pollicis (arrowhead). There is partial visu-
alization of the adductor pollicis muscle belly (short
arrow) seen as it originates from the third metacarpal.
Coronal STIR sequence of the thumb MCP joint (b)
showing the ulnar collateral ligament (arrow) deep to the
adductor pollicis aponeurosis (arrowheads). The radial
collateral ligament (dotted arrow) is also seen on this

slice. These intact ligaments are normally hypointense on
T2/STIR sequences. Coronal TIl-weighted sequence
through the thumb MCP joint (¢) showing the normal,
hypointense, and continuous appearance of the ulnar
(arrow) and radial (dotted arrow) collateral ligaments.
Axial T2-weighted fat-saturated sequence through the
MCP joint, above the level of the sesamoids (d). The
proper (pUCL) and accessory (aUCL) collateral liga-
ments are seen with the adductor pollicis aponeurosis
(arrowhead) just superficial to the ulnar collateral
ligament
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Fig. 12.10 Volar plate. T2 fat-saturated sequences in the
midline sagittal plane of the thumb demonstrating the
normal appearance of the volar plate (arrow) of the meta-
carpophalangeal joint in multiple patients. The volar
plate bridges the sesamoid bones and attaches to the volar
base of proximal phalanx, supporting the joint. There is a
normal synovial recess deep to the volar plate
(arrowhead)

joint is also stabilized by a triangularly shaped
fibrocartilage volar plate which supports the
joint capsule (Fig. 12.10). The volar plate
extends between the sesamoid bones with
attachments to the proximal phalanx and first
metacarpal. Dorsally, the sagittal bands at the
level of the metacarpophalangeal joint stabilize
the extensor pollicis longus tendon as they are
perpendicularly oriented to the tendon. A
detailed axial view of these structures is later
depicted in Fig. 12.11 [1-3].
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Ulnar Collateral Ligament Injury

Injury to the ulnar collateral ligament of the meta-
carpal is the most common injury to the thumb.
Ulnar collateral ligament tear may be secondary
to chronic repetitive valgus stress on the thumb
metacarpophalangeal joint or may be acutely
injured during a valgus stress sustained during a
fall on outstretched hand with the thumb abducted
(typically while holding a ski pole — Skier’s
thumb). Accurate diagnosis of ulnar collateral
ligament injury is necessary because if incorrectly
treated, tears can lead to impaired thumb adduc-
tion function, such as pinching which is critical to
activities of daily living, and may accelerate
osteoarthritis at the metacarpophalangeal joint
[7]. Clinical exam can be specific in making a
diagnosis of ulnar collateral ligament injury; how-
ever, MRI is an excellent complement in diagno-
sis and treatment planning.

When evaluating the ulnar collateral ligament,
axial and coronal sequences are most sensitive in
identifying injury. Axial images should run per-
pendicular to the tubular bones and span the
entire length of the thumb from the CMC joint
through the distal phalanx. The proper coronal
plane for assessing the collateral ligaments is pre-
scribed from the axial plane with a line bisecting
the sesamoid bones as described in Chap. 10.

Diagnosis of injury to the ulnar collateral liga-
ment is based on multiple factors including
abnormalities in size, contour, and signal of the
ligament. The normal ulnar collateral ligament
may have a striated appearance on fat-suppressed
sequences but is typically hypointense on all
sequences. Therefore, a partial tear should be
diagnosed using a combination of intrinsic signal
abnormality with focal ligament attenuation
(Fig. 12.12). Complete ulnar collateral ligament
tears are characterized on fluid-sensitive
sequences with a fluid signal defect transecting
the ligament, typically at the site of distal bony
attachment, on the proximal phalanx. While less
common, tears may also occur at the proximal
bony attachment or midsubstance.

A common complication of complete ulnar
collateral ligament tear is a Stener lesion, which
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Fig.12.11 Thumb MCP anatomy at the level of the sesa-
moids. Axial schematic (a) and T2 fat-saturated sequence
(b) through the level of the sesamoids. The images are
oriented with the volar thumb superiorly and the ulnar
aspect on the right. APA adductor pollicis aponeurosis,
ADbPA abductor pollicis, aUCL accessory ulnar collateral

Fig. 12.12 Ulnar collateral ligament sprain. A 32-year-
old male injured in a motor vehicle accident. Coronal T2
fat-saturated sequence through the metacarpophalangeal
joint demonstrates thickening and edema of ulnar collat-
eral ligament (arrow) with partial tearing of the deep
fibers and periligamentous edema. Findings are compati-
ble with a high-grade ulnar collateral ligament sprain
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ligament, aRCL accessory radial collateral ligament, EPB
extensor pollicis longus, EPL extensor pollicis brevis,
FPL flexor pollicis longus, pUCL proper ulnar collateral
ligament, pRCL proper radial collateral ligament, S sesa-
moid, SB sagittal band, v volar plate

has been reported to occur in up to 88% of com-
plete ulnar collateral ligament tears [8]. When the
ulnar collateral ligament is torn from its distal
attachment, the ligament retracts proximally
toward the metacarpal origin, displaces beneath
the proximal margin of the APA, and forms a ball
superficial to the APA near or just proximal to the
joint line. The APA then blocks the ligament
from reapproximating the proximal phalangeal
insertion, therefore preventing normal healing.
This abnormality is best identified on coronal
sequences (Fig. 12.13a, b). This has often been
described as a “yo-yo on a string” sign. If there is
difficulty in identifying the APA on coronal
sequences in the setting of a Stener lesion, the
axial sequences will highlight the APA sur-
rounded with edema and without the normal
underlying ulnar collateral ligament (Fig. 12.13b).
Reporting the amount of ulnar collateral ligament
displacement may guide clinicians in determin-
ing whether immobilization versus surgical inter-
vention is adequate for healing. Surgical repair is
often required for Stener lesions to maintain the
function of the thumb metacarpophalangeal joint
(Fig. 12.14) [7].
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Fig.12.13 Stener lesion. A 16-year-old male with thumb
pain following ski injury. Coronal STIR sequence through
the MCP joint demonstrates complete tear of the distal
attachment of the ulnar collateral ligament. The ligament
is retracted and balled up proximally (yellow arrow) with
the adductor pollicis aponeurosis (orange arrow) inter-
posed at the site of the former distal ligament insertion,
forming the string of the yo-yo (a). The Stener lesion is
confirmed on axial sequences where the adductor pollicis

aponeurosis (orange arrow) is seen with the absence of the
underlying ulnar collateral ligament and with surrounding
edema (b). Another example of a Stener lesion in a
56-year-old female following slip and fall on ice.
T1-weighted coronal sequence through the MCP joint (c)
demonstrates the retracted ulnar collateral ligament (yel-
low arrow) and the interposed adductor pollicis aponeuro-
sis (orange arrow)

Fig. 12.14 Ulnar collateral ligament repair. A 23-year-
old male following ulnar collateral repair. Lateral view of
the wrist/hand (a) demonstrating a suture anchor at the
ulnar base of the proximal phalanx (arrow) at the site of
reattachment of the distal ligament. T2-weighted coronal

sequence (b) shows susceptibility artifact at the site of the
repair. The ulnar collateral ligament (arrowhead) appears
thickened and scarred from prior injury, but without recur-
rent tear
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Tears of the radial collateral ligament occur
more often from the proximal attachment on the
metacarpal, rather than the distal attachment on
the phalanx (Fig. 12.15). Possible explanations

for this may be related to the width of the distal
ligament insertion which is broader than the ori-
gin, particularly when compared with the ulnar
collateral ligament; alternatively, this may be

Fig. 12.15 Radial collateral ligament injuries. Coronal
STIR sequence through the thumb (a) demonstrating
avulsive osseous stress response (arrow) at the proximal
attachment of the radial collateral ligament on the meta-
carpal. The ligament (arrowhead) does not appear discon-
tinuous. Findings are compatible with low-grade radial
collateral ligament injury. Also intact is the overlying
abductor pollicis brevis aponeurosis (dotted arrow). Axial
T2-weighted fat-suppressed sequence of the same patient
through the level of the metacarpal head (b). Again seen is
avulsive marrow edema (arrow) at the radial aspect of the
metacarpal head. The overlying radial collateral ligament

(arrowhead) and abductor pollicis brevis aponeurosis
(dotted arrow) appear intact. Coronal STIR sequence in a
different patient (c) who sustained a complete rupture of
the radial collateral ligament with focal discontinuity of
the ligament (arrowhead) at the proximal origin. There is
partial retraction of the ligament (asterisk), periligamen-
tous edema, and avulsive stress response in the metacarpal
head (arrow). The overlying abductor pollicis brevis apo-
neurosis (dotted arrow) remains intact and in the expected
position. Note ulnar subluxation of the proximal phalanx
secondary to radial-sided injury with partially unopposed
adductor pollicis
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related to variation in mechanism of injury
required to cause tear of the radial collateral liga-
ment [9]. Injury to the radial collateral ligament
is common in sports, caused by a fall with impact
on the radial aspect of the thumb or direct impact
trauma. A radial equivalent of the Stener lesion
has been described with the overlying abductor
pollicis longus tendon interposed between the
proximal phalanx and a torn, proximally retracted
radial collateral ligament. This is less commonly
seen, however, because the abductor pollicis
brevis aponeurosis is broader than its ulnar coun-
terpart and, again, the ligament is more likely to
tear proximally rather than distally.

Volar Plate Injuries

Trauma to the thumb MCP joint volar plate is
produced by hyperextension injury or dislocation
as seen in other digits. Volar plate injuries can be
categorized into three types: I, avulsion of the
distal plate; II, greater involvement of the sur-
rounding collateral ligaments which may results
in subluxation of the joint; and III, avulsion frac-
ture and dislocation [10]. Avulsion fractures
involving 40% of the articular surface will gener-
ally require surgery, as the collateral ligaments
will likely be attached to the avulsed bone frag-
ment and contribute to joint instability [11].
Careful consideration should be made to the
presence of a normal synovial recess deep to the
volar plate (Fig. 12.10). An acute volar plate
injury will demonstrate a fluid signal gap in the
expected location of the volar plate, with contour
irregularity (Figs. 12.16 and 12.17).

Sagittal Band Injuries

Usually seen in conjunction with other MCP lig-
amentous injuries, sagittal band tears may result
in subluxation and destabilization of the extensor
pollicis longus tendon. Injury to the sagittal band
is identified by deformity or discontinuity of the
band with increased T2 signal intensity

(Fig. 12.18). The extensor tendon typically sub-
luxes away from the side of injury [12].

Interphalangeal Joint

Collateral ligament injuries, fractures, or disloca-
tions of the thumb interphalangeal joint are rela-
tively uncommon. Volar plate injuries may occur
in instances of marked hyperextension, similar in
appearance to those at the MCP joint. The inter-
phalangeal joint volar plate inserts on the base of
the distal phalanx, just proximal to the broad
insertion of the flexor pollicis longus tendon.
Sesamoid bones may be present in the volar plate,
not to be mistaken for a volar plate avulsion frac-
ture (Fig. 12.19).

Annular Pulley System

The pulley system of the thumb is a set of focally
thickened transverse retinacular bands which stabi-
lize and support mobility of the flexor pollicis lon-
gus tendon while preventing bowstringing of the
tendon away from the underlying bone. There are
no cruciform pulleys in the thumb as there are in
other digits. While there may be some variability in
number of annular pulleys detected in the thumb,
most individuals have a first pulley at the level of
the metacarpophalangeal joint (A1), a second at the
level of the interphalangeal joint (A2), and an
oblique annular pulley at the level of the proximal
phalanx, between A1 and A2 (Fig. 12.20). The first
annular pulley is closely associated with the sesa-
moid bones. Thumb flexion is primarily supported
by the first annular pulley, which is reported to have
a normal thickness of up to 0.5 mm [3].

Acute injury to the pulley is typically sus-
tained by an episode of powerful flexion. Injury
will demonstrate discontinuity of the pulley or
increased  intrasubstance  signal  intensity
(Fig. 12.21). Bowstringing of the flexor pollicis
longus tendon, or increased distance between the
tendon and underlying bone, may be evident with
a pulley tear.
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Fig.12.16 Thumb
MCP volar plate injury.
A 58-year-old female
after fall. Sagittal
T2-weighted fat-
suppressed sequence (a)
reveals a complete
avulsion of the distal
volar plate from the
proximal phalanx. The
retracted volar plate
(arrow) has
intrasubstance edema
and irregularity distally.
There is avulsive
0SSeous stress response
(arrowhead) along the
volar aspect of the
proximal phalanx.
Traumatic stripping
involves the dorsal and
volar joint capsule
(dotted arrows). There is
mild volar subluxation
of the proximal phalanx.
There was concomitant
ulnar collateral ligament
injury (not pictured),
which categorized this
as a grade II injury.
Sagittal T2-weighted
fat-suppressed image (b)
shows a normal volar
plate (arrow) for
comparison
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Fig. 12.17 Thumb MCP volar plate injury. A 28-year-
old with volar plate avulsion following hyperextension
injury playing sports. Sagittal T2-weighted fat-saturated
sequence (a) shows complete discontinuity of the volar
plate from the proximal phalanx (arrow) with marked
posttraumatic joint fluid (arrowhead) displacing the plate
volarly. This is compatible with a grade I volar plate

injury. Findings are confirmed on T2-weighted fat-satu-
rated axial sequence through the level of the sesamoids
(b) which shows the sesamoids and flexor pollicis longus
displaced volarly by the joint fluid (asterisk). There is
edema within the volar plate (arrow), located between the
sesamoids
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Fig. 12.18 Ulnar sagittal band sprain. At the level
of the MCP joint, there is marked attenuation of the
ulnar sagittal band (arrow), particularly relative to
the radial sagittal band (arrowhead). Although there
is no focal discontinuity of the band, there is
moderate surrounding edema and attenuation. The
extensor pollicis longus (dotted arrow) is in its
normal eccentric position without subluxation.
Findings support grade II sprain of the ulnar
sagittal band

Fig. 12.19 Normal volar plate with sesamoid at the
thumb interphalangeal joint. T2 fat-saturated sagittal
sequence (a) and Tl-weighted sagittal sequence (b)
through the thumb interphalangeal joint demonstrating
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the normal volar plate, with the presence of a sesamoid
(arrow), which is well corticated and not to be confused
for an avulsive volar plate injury
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Fig. 12.20 Annular pulley system of the thumb. T2 fat-
saturated axial sequence at the level of the MCP joint (a),
just above the sesamoids, shows the Al pulley (arrows)
highlighted by the presence of a small joint effusion. T1
axial sequence at the mid-proximal phalanx (b) demon-

strating the oblique pulley (arrows). T1 axial sequence at
the level of the interphalangeal joint (¢) showing the A2
pulley (arrows). At this level, the flexor pollicis longus
(arrowhead) flattens out prior to inserting on the distal
phalanx



12 Thumb Pathology - Traumatic

245

Fig. 12.21 Acute A2 pulley injury. T2-weighted axial
sequence at the level of the mid-proximal phalanx demon-
strating a completely torn A2 pulley (a). The fibers of the
pulley are not clearly identified. There is bowstringing of
the flexor pollicis longus tendon (arrow) with marked
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Arthritis

There are 27 bones and 27 joints in the hand. As
with any synovial joint in the body, these joints
are subject to osteoarthritis from the loss of artic-
ular cartilage and subsequent inflammatory
response resulting in joint space narrowing,
osteophytosis, and subchondral cystic change.
While these findings are apparent and can be
described with magnetic resonance (MR) imag-
ing, radiography is typically the modality of
choice to assess for the presence and degree of
osteoarthritis. As such, MR imaging is more
effectively utilized to identify and differentiate
different forms of inflammatory arthritis, to guide
treatment, and to prevent further secondary
osteoarthritis.

Inflammatory Arthritis

Rheumatoid Arthritis

Rheumatoid arthritis is a common systemic
inflammatory syndrome defined by polyarticular
synovitis and autoantibodies [1]. It has an esti-
mated prevalence of 1% of the adult population,
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with a steadily increasing incidence between the
ages of 35 and 85 years old and is about twice as
prevalent in women as in men [2]. Synovial
inflammation from rheumatoid arthritis pro-
gresses with characteristic marginal osseous ero-
sions and joint destruction; however, the rate of
progression can vary widely. The diagnosis of
rheumatoid arthritis is made by specific scoring
criterion, which includes the number of joints
involved, serologic factors, acute phase reactants,
and chronicity of symptoms [3].

Given the clinical heterogeneity of the dis-
ease, imaging plays a role in establishing the
diagnosis when the diagnosis is less certain, as
well as characterizing the extent or progression
of disease [4, 5]. As rheumatoid arthritis is pri-
marily characterized by synovial inflammation, it
follows that the hand is a prime location for the
disease to manifest given its plethora of joints
and synovial-lined tendon sheaths.
Ultrasonography and radiography are widely
available and affordable imaging modalities to
establish and follow the degree of synovitis and
osseous erosions, respectively. MR imaging
serves as an excellent modality to obtain an over-
view of the carpus and fingers to assess for and
qualitatively evaluate the presence of rheumatoid
arthritis. MR imaging is also unique among other
imaging modalities in that it can accurately assess
for marrow edema within the subchondral bone,
which is predictive of progression to osseous ero-
sions [6].
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The hallmark for rheumatoid arthritis on MR
imaging is the presence of synovitis. Synovitis
will be most apparent on fat-saturated, fluid-
sensitive, and post-gadolinium-enhanced images
and appear as T2-isointense, enhancing frond-
like material distending a synovial-lined space
such as a joint or tendon sheath (Figs. 13.1 and
13.2) [7]. While these findings can manifest on
non-contrast-enhanced sequences, intravenous
gadolinium contrast administration improves the
sensitivity and specificity for identifying synovi-
tis and tenosynovitis [8]. Marrow edema and
osseous erosive changes will occur and be more
apparent in more advanced disease. These tend to
occur at the margins of a joint where articular
cartilage is the thinnest, and will be hyperintense
on T2-weighted sequences, and may have periph-
eral or central enhancement depending on the
size of erosion and presence of intervening tissue
(Fig. 13.3). It is important to differentiate these
pseudo-erosions such as intraosseous ganglia and
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synovial cysts [9]. Also, it is important to note the
typical distribution of joints affected in the hand,
which usually occurs proximal to distal, affecting
the carpus and metacarpophalangeal joints prior
to affecting the interphalangeal joints.

Psoriatic Arthritis and Peripheral
Seronegative Spondyloarthropathy
Initially thought to be a subset of rheumatoid
arthritis, Moll et al. first described the concept of
seronegative spondyloarthropathy in the 1970s as
a group of inflammatory arthritides including
psoriatic arthritis, ankylosing spondylitis, reac-
tive arthritis, and enteropathic spondylitis [10,
11]. The pathophysiology of these entities is not
entirely understood, although there is a shared
association with human leukocyte antigen B27
(HLA-B27) [12]. Contrary to the name, seroneg-
ative spondyloarthropathies can be subdivided
into axial and peripheral subtypes depending on
the location in the body primarily affected.

Fig. 13.1 Rheumatoid arthritis. Coronal T1 FS post-
contrast (a) and coronal T2 STIR (b) MR images of the
wrist in a patient with rheumatoid arthritis. Enhancing
synovitis noted in the radiocarpal and midcarpal joints

(arrows) with erosion in the distal scaphoid (arrowheads).
Marrow edema and enhancement noted in the lunate and
capitate bones
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Fig. 13.2 Rheumatoid arthritis. Coronal (a) and axial (b) T1FS post-contrast images in a 68-year-old woman. Images
reveal extensive tenosynovitis of the flexor tendons in the hand and wrist (arrows)

Fig. 13.3 Rheumatoid arthritis. Coronal T1-weighted
MRI showing marginal erosions (arrows) of the proximal
phalanges at the proximal interphalangeal joints in a
patient with seropositive rheumatoid arthritis

Psoriatic arthritis is the most prevalent of the
peripheral  spondyloarthropathies, estimated
between <0.1% and 0.4% [13]. Clinically the dis-
tinction of psoriatic arthritis from other periph-
eral seronegative spondyloarthropathies is made
from the skin manifestations of psoriasis. The
prevalence of psoriatic arthritis in patients with
psoriasis is estimated at 13.8%, although some
studies suggest there may be a higher subclinical
prevalence [14, 15].

Understanding the entheseal region is critical
to understanding the pattern of peripheral spon-
dyloarthritis. The enthesis is the fibrocartilagi-
nous transitional zone at the attachment site of
ligament, tendon, or joint capsule to bone. Unlike
rheumatoid arthritis, where inflammation is pri-
marily a synovial-centered process, psoriatic
arthritis pathology is centered on the enthesis.
This pattern of inflammation informs the early
imaging findings in psoriatic arthritis in the hand.
MR imaging is particularly well suited to evalu-
ate for and classify the findings in psoriatic
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arthritis as the findings may be subtle or occult
radiographically early in the disease process [16].

The distribution of psoriatic arthritis tends to
be monoarticular or oligoarticular early in the
disease process, typically occurring in the smaller
joints of the hands and fingers. MR imaging find-
ings will demonstrate marrow edema and
enhancement along the corner of a phalanx near a
ligamentous or capsular attachment, reflecting
the inflammation centered on the enthesis. There
is often inflammation of the adjacent pericapsular
and perienthetic soft tissues. Flexor tendon teno-
synovitis and soft tissue edema throughout an
entire digit can also occur resulting in dactylitis,
a characteristic clinical finding (Fig. 13.4).
Edema and enhancement can also extend along
the adjacent periosteum resulting in a periostitis
and eventually osseous proliferative change visi-
ble by radiography. It is also important to note
any MR imaging findings of fingernail involve-
ment, as the paronychia may help differentiate
psoriatic arthritis from other spondyloarthropa-
thies in patients with minor or occult skin mani-
festations of psoriasis [16].
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In contradistinction from rheumatoid arthritis,
marrow edema observed in joints affected by
psoriatic arthritis does not necessarily progress
into an osseous erosion. The osseous erosions
seen in psoriatic arthritis tend to occur along the
peripheral bare areas of a joint earlier in the dis-
ease process, although progression to the center
of the joint space is commonly seen later in more
advanced disease [17]. At later stages, there can
also be ankylosis of the affected joint, dramatic
subluxations, and classic pencil-in-cup deformi-
ties, which can be readily identified
radiographically.

Crystalline Arthropathy and Crystal
Deposition Disease

Gout

Gout is the most common inflammatory arthrop-
athy in men and the most common crystalline
arthropathy. Gout results from the supersatura-
tion of uric acid and formation of monosodium
urate crystals (MSU) in and around joints.

Fig. 13.4 Psoriatic arthritis. A 69-year-old woman pres-
ents with chronic hand pain and known history of psori-
atic arthritis. Coronal T2FS (a), coronal T1FS post-contrast
(b), and axial T1FS post-contrast (¢) MR images demon-

strating dactylitis with extensive peritendinous inflamma-
tion (arrows). Note the juxta-articular erosion in the
proximal phalanx (curved arrow)
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Epidemiologic studies have shown an increasing
prevalence in recent history, increasing from
4.8/1000 in 1969 to ranging between 8.5 and
9.9/1000 since 1980 [18]. These studies have also
established an understanding of the underlying
etiologies predisposing for hyperuricemia includ-
ing dietary factors, obesity, hypertension, renal
dysfunction, and certain medications.

The diagnosis of gout is often made clini-
cally with an acutely inflamed joint and ele-
vated serum uric acid levels, subsequently
confirmed with joint aspiration and identifica-
tion of negatively birefringent needle-shaped
crystals within synovial fluid with polarized
microscopy. However, there are opportunities
for false-negative results with this approach,
as crystals may not be identifiable in approxi-
mately 25% of acute gout cases and serum uric
acid may not be elevated in 42% of patients
with acute gout attacks [19, 20]. Radiography
has also been used often in the identification
and characterization of gouty arthropathy,
with characteristic juxta articular erosions and
calcified tophi. But much like other arthropa-
thies, the radiographic manifestations are
often found late in the disease process [21]. As
such, studies have suggested the overall qual-
ity of care for patients with gout is suboptimal
[22]. Advanced imaging modalities such as
dual-energy computed tomography (CT) and
MR imaging have an increasing role in estab-
lishing the diagnosis earlier in the disease
process.

MR imaging provides advantages in both soft
tissue characterization and evaluation of deeper
structures and joints which may be otherwise
occult with radiography and ultrasound (US).
The key finding in gout on MR imaging is the
presence of tophi, which are the regions of con-
centrated MSU crystal deposition. Tophi can
have a variable appearance on MR imaging.
Most often tophi are intermediate signal inten-
sity on T1-weighted sequences, with an interme-
diate or heterogeneously low signal on T2 and
fluid-sensitive sequences. T2 signal characteris-
tics have been described as more often variable
as compared to T1, and the variance in low T1
and T2 signal is thought to be related to the

degree of tophus calcification. Tophi can be
homogeneously enhancing or show predomi-
nantly peripheral enhancement, which is attrib-
uted to the degree of surrounding and intervening
inflammatory tissues (Fig. 13.5). There can be
varying degrees of adjacent marrow and soft tis-
sue edema and enhancement which reflects the
amount of adjacent inflammation at the time of
imaging [23].

Knowledge of the distribution patterns of gout
in the hand and wrist can be useful in making the
diagnosis by MR imaging. Traditional under-
standing of gout was focal concentric growth of a
tophus, typically in a juxta-articular location,
which would form the characteristic circum-
scribed erosion with overhanging edges.
However, MSU crystal deposition can be multi-
compartmental with spread along adjacent ten-
don sheaths and fascial compartments, with
diffuse soft tissue involvement described with
advanced cases [23].

Calcium Pyrophosphate Deposition
Disease

Calcium pyrophosphate deposition disease
(CPPD) describes an array of disease processes
related to the deposition of calcium pyrophos-
phate dihydrate crystals. The term “pseudogout
syndrome” was first coined by Kohn et al. in
1962 after a series of cases aspirating synovial
fluid from patient presenting with acute synovitis
revealed thomboid crystals with weakly positive
birefringence in polarized microscopy, mimick-
ing an acute gout flare [23]. These calcium pyro-
phosphate (CPP) crystals have since been
recognized to contribute to a spectrum of disease
ranging from asymptomatic deposition to a
destructive arthropathy [24].

CPP crystals deposit in hyaline cartilage and
fibrocartilaginous tissues of joints. In hyaline
cartilage, these crystals form characteristic thin,
fine calcifications, whereas when they deposit
fibrocartilaginous structures such as the triangu-
lar fibrocartilage complex (TFCC) in the wrist,
they can have a shaggy, irregular appearance.
This calcification is termed chondrocalcinosis
and is typically best seen radiographically or
with  CT.  Asymptomatic presence  of
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Fig. 13.5 Gout. A 70-year-old man presents with index
finger pain. Coronal T1 (a), coronal T2FS (b), and axial
TI1FS post-contrast (¢) MR images demonstrating a het-
erogeneous Tl-isointense, mildly T2-hyperintense

Fig. 13.6 CPPD arthropathy. Frontal radiograph of the
hand demonstrating linear chondrocalcinosis of the trian-
gular fibrocartilage and metacarpophalangeal joint cap-
sule (curved arrows) with “hook osteophyte” formation
from the long finger metacarpal head (arrow)

chondrocalcinosis is very common and increases
with age [25]. Chondrocalcinosis as well as
acute CPP arthritis has been associated with
osteoarthritis, hyperparathyroidism, and use of
loop diuretics [26].

Arthropathic changes related to CPPD mirror
osteoarthritis but can be differentiated by their

(arrows), and peripherally enhancing (curved arrow)
tophus adjacent to the index finger metacarpophalangeal
joint

severe nature, with osseous destruction and char-
acteristically large subchondral cyst formation,
which are circumscribed and hyperintense on
T2-weighted sequences. CPPD arthropathy has
characteristic distribution and can affect weight-
bearing and non-weight-bearing joints equally. In
the hand, the metacarpophalangeal (MCP) joints
are commonly affected with associated hooked
osteophytes of the MCPs found to be a common
radiographic finding (Fig. 13.6). In the wrist,
CPP deposition has a predilection for the TFCC
of the wrist, which can give it a heterogeneous
signal on fluid-sensitive-weighted sequences.
Studies have also shown a strong correlation
between CPPD scapholunate advanced collapse
(SLAC). CPPD of the hand is associated with and
can be found in combination with arthropathy of
hemochromatosis, although in these cases wrist
manifestations are less frequently seen [27].

Hydroxyapatite (Basic Calcium

Phosphate) Deposition Disease

Hydroxyapatite (HA) is the most common form
of calcium phosphate in bone. The term basic cal-
cium phosphate (BCP) refers to three types of
calcium phosphate crystals, the most common of
which is HA, although the terms are often used
interchangeably. Hydroxyapatite deposition dis-
ease (HADD) was first described by McCarty
etal. in 1966 as they described a series of patients
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with recurrent inflammatory syndromes within
bursae, tendons, and joints with associated radio-
graphically apparent “fluffy” calcifications,
which they identified as HA crystals. The etiol-
ogy for HA deposition is debated and not well
understood. Prevailing theories suggest an under-
lying tendinous or capsular injury predisposing
for mineral deposition [28, 29].

In the asymptomatic phase, this deposition
forms large homogeneous and amorphous calcifi-
cations readily identified by radiography and dif-
ferentiated from heterotopic ossification and
sesamoid bone by their lack of cortication and
trabecular bone pattern. While it is most often
found in the shoulder, it can occur in any tendi-
nous or joint capsular structure and frequently
found in the wrist and hand. In the acute inflam-
matory setting, these deposits enter a resorptive
phase where the calcification becomes less appar-
ent radiographically and elicits a robust inflam-
matory calcific tendinitis or calcific periarthritis
[28]. The symptoms can be severe in the acute
setting, sometimes requiring hospitalization and
mimicking an inflammatory or septic arthritis,
and pose a diagnostic challenge given the less
visible HA deposit radiographically. As with
CPPD arthropathy, MR imaging is not the ideal
modality for identifying subtle calcifications.
However, given the acute presentation, it is not
uncommon for an MR imaging to be obtained
during the acute phase to evaluate for infection or
other inflammatory conditions.

On MR imaging, the key findings will be focal
low signal deposited along a joint capsule or ten-
don with surrounding inflammation. In the hand,
this commonly occurs along the flexor carpi ulna-
ris tendon. HA deposits will have low signal on
T1- and T2-weighted sequences, and the configu-
ration will be amorphous or spiculated depending
on the degree of resorption and configuration of
the remaining HA deposit [27]. HA crystals can
decompress into adjacent bursa or tendon sheaths
and result in calcific bursitis or tendonitis.
Occasionally these deposits can extend intraosse-
ous or within the joint space and result in dra-
matic osseous erosions or a destructive arthritis;
however, this has primarily been described in the
shoulder [28].

Masses and Neoplastic Processes
of the Hand

Soft Tissue Masses

Lumps and bumps of the hand and wrist are fre-
quently encountered clinically, and the vast
majority of them are benign. Primary soft tissue
malignancies and metastases to the soft tissues
are rare within the hand. In many cases, charac-
teristic features with MR imaging can confirm a
benign soft tissue mass diagnosis. However,
given the nonspecific imaging findings of low-
grade sarcomas, histopathologic correlation may
be required with certain solid-enhancing masses.

Ganglia and Synovial Cysts
The distinction between synovial cysts and gan-
glion cysts is histologic. Ganglion cysts are pseu-
docysts, with a predominantly acellular fibrous
wall containing few fibroblastic cells, whereas
synovial cysts are true cysts with a synovial cel-
lular lining. While the histologic distinction may
imply a difference in etiology, their imaging and
clinical manifestations are essentially identical,
and the difference is mostly academic from a
radiologic perspective. Ganglion and synovial
cysts are common and together account for 60%
of all hand masses [30]. They can occur at any
age but are found most frequently between the
ages of 20 and 40 years old, and there is an
approximately 2-3:1 female predominance. The
etiology of ganglia is not well understood. They
mostly occur spontaneously; however, 15% of
patients with ganglia report a prior injury [30,
31]. Because of these features, multiple theories
of their etiology exist. Contrast injections of joint
spaces and ganglion cysts have shown a one-way
communication between the joint space and the
ganglion cysts, suggesting a unidirectional valve
mechanism. Others theorize an underlying cap-
sular injury or degeneration with leakage of
synovial fluid, with fibrous reaction of the adja-
cent tissues and subsequent ganglion formation
[31].

US is often successful in the initial interroga-
tion of a suspected ganglion secondary to the
superficial location and cystic nature of the mass.
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MR imaging can be subsequently utilized when
the anechoic nature of a cyst is not demonstrated
sonographically, typically with small cysts or
with cysts with desiccated internal contents. MR
imaging can also further characterize surround-
ing inflammatory change, mass effect on nearby
neurovascular structures, intraosseous extension,
as well as the deeper originating synovial or teno-
synovial structure when it is not apparent sono-
graphically. The imaging features of a cyst on
MR include a well-circumscribed,
T2-hyperintense cystic mass with a tail extending
to the underlying joint or tendon sheath, with thin
peripheral enhancement.

Ganglion and synovial cysts can arise from
any articulation or tendon sheath. In the wrist,
they are broadly divided into volar and dorsal
ganglions, each with implications on potential
interventions. Dorsal ganglia are more common,
comprising of 57-70% of cysts within the hand
and wrist, typically arising from the scapholunate
interval and extending through the dorsal cap-
sule. Volar cysts comprise of 13-20 of hand and
wrist ganglions and are the second most common
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location. Volar cysts are more amenable to aspi-
ration, whereas dorsal ganglion cysts are more
likely to recur after aspiration and typically
require surgical resection if treatment is neces-
sary due to functional impairment or impinge-
ment on neurovascular structures. Mucous cysts
refer to a specific ganglion or synovial cyst aris-
ing from the dorsal interphalangeal joint of the
fingers. These tend to occur in older patients and
can extend distally and result in deformity of the
nail bed (Fig. 13.7). Like dorsal ganglion cysts,
these are likely to recur with aspiration and typi-
cally require surgical resection when intervention
is necessary [31].

Epidermal Inclusion Cysts

Epidermal inclusion cysts or epidermal cysts are
epithelial-lined cystic structures centered within
the dermis and subcutaneous tissues containing
epidermal and keratin debris. They can arise
from several mechanisms, including from dis-
placed remnant ectodermal tissues, traumatic or
surgical implantation of epidermal tissue, or
occlusion of the pilosebaceous unit. Their

Fig. 13.7 Ganglion cyst. Sagittal TI1FS post-contrast (a),
sagittal T2FS (b), and coronal T2FS (¢) MRI images of a
mucous (ganglion) cyst arising from the thumb interpha-
langeal joint, with extension along the distal phalanx and

subungual involvement (arrows). Note the thin T2 tail
extending to the radial side of the thumb interphalangeal
joint (curved arrow)
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Fig. 13.8 Epidermal inclusion cyst. Sagittal T1 (a), TIFS post-contrast (b), T2FS (c), and GRE (d) sequences demon-
strate a round, homogeneous mass with minimal thin peripheral enhancement

appearance on MR imaging can vary depending
on whether the cyst has ruptured. When unrup-
tured, they appear as a well-defined, peripher-
ally enhancing round, or ovoid mass centered in
the dermal tissues (Fig. 13.8). The internal sig-
nal characteristics depend on the nature of its
internal contents. Typically epidermoid cysts
have hyperintense internal signal on T2-weighted
sequences, although there can be variable het-
erogeneously low T2 signal when the internal
contents are dense or calcified. The internal sig-
nal on Tl-weighted sequences can also vary
from homogeneously hypointense to heteroge-
neously hyperintense, which is likely related to
the degree of internal proteinaceous material.
When the cyst ruptures in these, they can mimic
a solid mass. The mural enhancement can
become thick and shaggy, with enhancing inter-
nal septations. The internal intrinsic signal on
T1- and T2-weighted sequences shows similar
variation to their unruptured counterparts and
depends on the nature of the internal contents
[32]. Malignant degeneration to squamous cell
carcinoma has been recorded in 2.2% of resected
cysts, and this possibility should be considered
with an irregular ruptured cyst or in the setting
of cyst recurrence [33].

Fat-Containing Masses

Lipomatous masses are the most frequently
encountered soft tissue masses clinically, and
lipomas are the most common benign lipoma-
tous mass [34]. While relatively less common
compared to other locations in the body, lipo-
mas are a common solid tumor of the hand [35].
They often occur between fifth and seventh
decades and are divided into superficial or deep
[34]. Superficial lipomas are located in the sub-
cutaneous tissues, whereas deep lipomas may
be intramuscular or along the deep investing
fascia. MR imaging can localize relevant anat-
omy prior to resection. Lipomas are round or
ovoid circumscribed masses which follow fat
signal on all sequences (Figs. 13.9 and 13.10).
They may contain a few thin internal and
enhancing septa.

As with other malignancies, liposarcoma of
the hand is exceedingly rare. Features concerning
for malignancy in lipomatous lesions would
mirror liposarcoma elsewhere in the body, with
thickened enhancing septa or focal mass-like
enhancing components within or adjacent to a
lipomatous mass. If encountered, these areas
should be the target for biopsy to avoid a false-
negative result from sampling error.
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Fig.13.9 Lipoma. Axial T1 (a) and coronal T1FS post-contrast (b) sequences show a lipoma (arrows) within the radial
subcutaneous tissues of the hand, with minimal thin internal septations and following fat signal on all sequences

Fig. 13.10 Parosteal lipoma. Coronal T1FS post-contrast (a) and axial T1 (b) sequences reveal a parosteal lipoma
within the subcutaneous tissues of the ring finger. Notice the thin enhancing peripheral capsule (arrow)
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Hemangiomas and Vascular
Malformations

Hemangiomas and vascular malformations
include a heterogeneous grouping of benign vas-
cular tumors and anomalies containing disorga-
nized vascular elements with intermixed
nonvascular  mesenchymal elements. The
International Society for the Studies of Vascular
Anomalies now categorizes these lesions as “vas-
cular tumors” for infantile hemangiomas, “low-
flow vascular malformations” for venous and
lymphatic malformations, and “high-flow vascu-
lar malformations” for arteriovenous malforma-
tions (AVMs) [36].

Low-flow vascular malformations are a rela-
tively common soft tissue masses representing
approximately 7% of all benign soft tissue masses
[37]. Clinically these present as waxing and wan-
ing ill-defined palpable masses. On MR imaging,
they are typically multilobulated with multiple
internal T2-hypointense fibrous septa and can be
found in subcutaneous or intramuscular loca-
tions. T1-weighted sequences reveal the signal to

be generally low, with variable degrees of T1
hyperintensity. While these features are relatively
nonspecific, some findings on MR imaging can
help differentiate hemangiomas from malignant
soft tissue neoplasms. Given their vascular
nature, they contain increased water content from
stagnant ~ blood  resulting in  marked
T2-hyperintense signal as well as avid post-
contrast enhancement (Fig. 13.11). Phleboliths,
which have a round hypointense appearance on
T2-weighted and gradient echo sequences, are
also associated with venous malformation [37].
Other case series have described atrophy of adja-
cent muscular and osseous structures in vascular
malformations. The etiology for this is not delin-
eated but may be related to altered perfusion of
adjacent normal structures in the region [38, 39].

AVMs typically manifest clinically in late
childhood or early adulthood. The key MR
imaging finding is the presence of a serpentine
nidus of feeding arteries and draining veins.
These will typically appear as flow voids on
gradient echo sequences and enhance on

Fig. 13.11 Small soft tissue hemangioma. Axial T2FS
(a), T1 pre-contrast (b) and T1FS post-contrast (c), and
coronal T1FS post-contrast (d) and T2FS (e) sequences

show a lobular markedly T2-hyperintense and avidly
enhancing mass (arrows)
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post-contrast sequences (Fig. 13.12). Contrast-
enhanced and MR arteriography techniques
can be used to delineate the involved arterial
supply and venous drainage pathways before
conventional angiographic imaging and thera-
pies are performed [36]. Teo et al. also found
that targetoid areas of central T2 hypointensity,
which they theorized could be thrombosed vas-
cular elements, were also found to be more
common in hemangiomas [38].

Glomus Tumors

Glomus tumors are typically benign hamartoma-
tous masses arising from the specialized
neuromyo-arterial glomus body involved in ther-
moregulation. Seventy-five percent of glomus
tumors occur in the hand, with 65% of those
occurring in the fingertips, with a preponderance
for the subungual space. Glomus tumors repre-
sent between 1% and 4.5% of all hand masses
and typically occur between fourth and sixth
decades. These clinically most often present
with painful, temperature-sensitive masses in the
fingers and can have discoloration of the nail

bed. On radiographs, they often show scalloped
erosion of the adjacent distal phalanx. MR imag-
ing will reveal small round or oval masses with
signal characteristics reflecting their vascular
nature with homogeneous T1-hypointense and
marked T2-hyperintense signal as well as avid
homogeneous  post-contrast  enhancement
(Fig. 13.13) [40].

Peripheral Nerve Sheath Tumors

and Other Neural Masses

Benign peripheral nerve sheath tumors (PNST)
include both schwannomas and neurofibromas. In
the hand, they share similar imaging features, typi-
cally appearing as a fusiform mass growing along
the distribution of a nerve. Although PNST signal
characteristics are generally nonspecific, the fol-
lowing MR imaging findings can help distinguish
PNST from other solid masses. On T2-weighted
sequences, PNST can show a “target sign,” which
is a central fibrous region with low T2 signal sur-
rounded by a ring of myxoid T2-hyperintense
material (Fig. 13.14). Identifying the presence of
neural fascicles within or alongside the mass, also

Fig. 13.12 Large arteriovenous malformation. Axial T1
post-contrast (a), axial T2 (b), coronal T2 (c), and digital
subtraction angiography (d) showing arterial supply from
the radial artery with a large nidus of tortuous vessels.

Note the serpiginous flow voids on T2 sequences (curved
arrows) and targetoid central T2 hypointensity (blue
arrow)
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Fig. 13.13 Glomus tumor. Lateral radiograph (a), sagit- tumors demonstrate uniform T2 hyperintensity and
tal T1 (b), TIFS post-contrast (¢), and T2FS (d) showing  enhancement
a subungual soft tissue mass of the distal phalanx. Glomus

Fig. 13.14 Peripheral nerve sheath tumor. Frontal radio-  and T2FS (E) sequences along the central portion of the
graph (a) and coronal T1FS post-contrast (b) sequence mass. Note the targetoid centrally T2-hypointense signal
showing a fusiform mass extending along a distal branch  (arrow) on axial sequences and smooth remodeling of the
of the radial nerve. Axial T1 (c), TIFS post-contrast (d), adjacent metacarpal (curved arrows)
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termed the “fascicular sign,” can be an additional
clue that a solid mass is a peripheral nerve sheath
tumor. Also, the presence of peripheral fat, usually
best identified on T1-weighted sequences, sug-
gests the mass arises in an intermuscular space and
is often seen with PNSTs arising along a neurovas-
cular bundle. Malignant PNSTs are typically
found more centrally in the body, although cases
of malignant PNST in the hand have been reported.
Malignant PNST share similar features to their
benign counterparts but are often larger in size and
show more irregular features such as prominent
central necrosis and thickened, irregular margins
extending proximally and distally along the
affected nerve [41].

Pacinian corpuscles are neurologic mechano-
receptors and a normal anatomic structure to
encounter in the hand. They are normally located
in the subcutaneous tissues near the metacarpo-
phalangeal joints. On MR imaging, they are small
round or ovoid foci which demonstrate high sig-
nal on T2-weighted sequences (Fig. 13.15).

Fig. 13.15 Pacinian corpuscles. T2FS sequence showing
numerous subcutaneous Pacinian corpuscles (circles), a
normal anatomic structure

J. Korfand M. K. Jesse

Familiarity with their appearance on MR imag-
ing is important as to not mistake them for a
pathologic process [42].

Fibroma of the Tendon Sheath

and Palmar Fibromatosis

Fibromas of the tendon sheath in the hand are
composed of tightly packed spindle cells sur-
rounded by collagen. They are slow-growing,
painless masses typically occurring between
20 and 50 years of age and occur approxi-
mately three times more commonly in men
[43]. Fibromas are often found along the flexor
tendons in the hand and are typically oval or
round well-defined masses. MR imaging char-
acteristics include homogeneously hypointense
on T1- and T2-weighted sequences with little
to no enhancement; however, enhancement and
T2 signal can vary depending on degrees of
internal cellularity and myxoid change histo-
logically [43].

Palmar fibromatosis, also called
Dupuytren’s disease or Dupuytren’s contrac-
tures, is a superficial fibromatosis that shares
some imaging and histologic features with
tendon sheath fibromas. However, palmar
fibromatosis is a distinct clinical entity, found
more commonly in men, with ill-defined
fibrous proliferation occurring along the pal-
mar aponeurosis, eventually forming chord-
like extensions along the flexor tendons of the
fingers and resulting in significant morbidity
and loss of function. The signal characteristic
with palmar fibromatosis also varies depend-
ing on the cellular content of the lesion, with
increased intensity on both TI- and
T2-weighted sequences noted with increasing
cellularity (Fig. 13.16). It is also notable that
recurrence of palmar fibromatosis after resec-
tion is higher in more cellular variants [44].

Tenosynovial Giant Cell Tumor

Also termed pigmented villonodular synovitis
(PVNS) and tenosynovitis (PVNTS), synovial
giant cell tumors are a benign neoplastic pro-
cess of the synovium that can involve joints,
bursa, or tendon sheaths. The intra-articular
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Fig. 13.16 Palmar fibromatosis (Dupuytren’s disease).
Axial T2 FS (a), T1 (b), and TI1FS post-contrast (c)
sequences of the hand showing a Tl-hypointense,

form has a predilection for large joints, and
the tenosynovial form is much more frequently
encountered in the hand. Approximately
65-89% of cases of tenosynovial giant cell
tumor can be found within the hand and wrist.
Histologically, there is villonodular synovial
proliferation containing mononuclear histio-
cytoid cells, giant cells, and lipid-laden mac-
rophages with associated hemosiderin
deposition [45].

Tenosynovial giant cell tumors manifest as
lobular mass lesions found along the tendon
sheaths of the hand and can be described as local-
ized when singular or diffuse when the extent is
multifocal or extensive. They often have interme-
diate to low signal on T1- and T2-weighted
sequences. There tends to be greater variability
on T2-weighted sequences depending on the
degree of hemosiderin deposition and relative
presence of lipid-laden macrophages. Likewise,
the degree of susceptibility and blooming artifact
on GRE sequences varies based on the presence
of hemosiderin deposition, which is typically
more a feature of the intra-articular version.
Associated erosions are characteristically smooth
and saucer-like involving the adjacent osseous
structures, which can be apparent radiographi-
cally (Fig. 13.17) [45].

T2-hyperintense, and enhancing focus of fibromatosis
(arrows) in a patient with clinically apparent Dupuytren’s
contractures

Desmoid Fibromatosis (Desmoid

Tumor)

Desmoid fibromatosis (DF) goes by several
names, including desmoid tumor and aggressive
fibromatosis. DF are rare locally aggressive fibro-
blastic neoplasms. Most of the masses are spo-
radic; however, they are associated with familial
adenomatous polyposis (FAP), termed Gardner’s
syndrome when found in combination. DF does
not metastasize, but its locally aggressive fea-
tures and penchant for local recurrence after sur-
gical resection can lead to significant morbidity
in the extremities and hand [46].

MR imaging of DF typically reveals a round
mass with a peripheral stellate appearance, which
reflects the tendrils of invading tumor extending
into local soft tissues [47]. Signal characteristics
of DF vary reflecting the variable proportional
composition of spindle cells and extracellular
elements. In general, T1 signal tends to be isoin-
tense to the skeletal muscle, and T2 signal ranges
from isointense to hyperintense relative to the
skeletal muscle. A central nonenhancing,
T2-hypointense band is present in 60—90% of DF
formed of dense collagen and stromal bands
(Fig. 13.18) [46].

There are wide varieties of treatment options
for DF which are often used in combination. First-
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Fig. 13.17 Tenosynovial giant cell tumor. Frontal radio-
graph showing a typical saucer like erosion along the ring
finger proximal phalanx (a). Corresponding MRI with
axial T1FS post-contrast (b), coronal T2FS (¢), and coro-

line treatment is typically a wide surgical exci-
sion; however, recurrence rate is high. Targeted
chemotherapies and hormonal therapies can be
employed to reduce the tumor burden prior to
resection. Radiation therapy can also be used
when surgical resection is otherwise prohibited.
Localized therapy with percutaneous cryoablation
is an emerging and promising therapy to achieve
local control with minimal morbidity [48].

Nodular (Pseudosarcomatous) Fasciitis

Nodular fasciitis is an inflammatory pseudo-
neoplastic and self-limiting process that prefer-
entially occurs in the upper extremities.
Histologically, it appears similar to reparative tis-
sues with proliferation of thin spindle cells
demonstrating high mitotic activity, although
lacking the cellular atypia found in sarcomatous
neoplasms. The imaging features are nonspecific
and can also mimic neoplasm with T1 signal
isointense or hypointense to skeletal muscle, het-
erogeneous signal on T2 sequences, and typically
diffuse but inhomogeneous enhancement [49].
Histopathologic correlation is necessary to estab-

nal TI1

(d) sequences showing a round TI1- and
T2-hypointense mass with mild diffuse enhancement aris-
ing from the ring finger tendon sheath (arrows)

lish the diagnosis. The self-limiting nature and
lack of recurrence for nodular fasciitis are an
important clinical feature. In patients with appar-
ent recurrence of previously diagnosed nodular
fasciitis, it is recommended the initial pathology
be reviewed [50].

Primary Soft Tissue Sarcomas

of the Hand

Primary soft tissue sarcomas of the hand are rare.
The diagnosis is typically made histologically,
often after excisional biopsy or when percutane-
ous core biopsy is pursued prior to resection.
There are a few sarcoma subtypes which tend to
occur in the distal extremities and can be found in
the hand.

Acral myxoinflammatory fibroblastic sar-
coma (AMFS) is a low-grade sarcoma typically
found in the distal extremities. It typically pres-
ents as a slow-growing, painless mass. AMFS
has been described to be an ovoid mass with
well-defined borders and on MR imaging shows
high signal on T2-weighted sequences, low
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Fig. 13.18 Desmoid tumor. TIFS axial (a), sagittal
PDES (b), T1 FS post-contrast (c¢), and coronal T1 (d)
sequences showing a recurrent desmoid tumor occupying
the thenar soft tissues. Note the central nonenhancing

intrinsic signal on T1 sequences, and homoge-
neously enhances [51].

Epithelioid sarcoma is a primary soft tissue
sarcoma found typically in young males
between the ages of 16 and 35 years old. A
small case series reviewing the imaging fea-
tures of epithelioid sarcoma found a variable
appearance on MR imaging, although most
often showing an irregularly shaped soft tissue
mass with predominately T1-hypointense sig-
nal with variably heterogeneous or homoge-
neous  hyperintensity on  T2-weighted
sequences. This case series noted a predilection

band (arrows), peripheral tendril-like extensions (curved
arrows), and involvement of the flexor tendons just distal
to the carpal tunnel. Radiograph (e) shows reactive change
to the adjacent thumb metacarpal

for regional lymphadenopathy, half of which
were found to be metastatic [52].

Osseous Neoplasms

Most osseous neoplastic processes in the hand are
benign and discovered incidentally. Radiographic
features are often sufficient to make or strongly
suggest the diagnosis. MR imaging is the modal-
ity of choice for characterizing lesions that are
symptomatic, show aggressive radiographic fea-
tures, or require surgical intervention.
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Chondroid Lesions

Enchondromas are benign intramedullary
lesions composed of hyaline cartilage and
account for approximately 50% of all primary
bone lesions in the hand and wrist.
Radiographically they occur centrally in the dis-
tal metaphyseal region and are a circumscribed
lucent lesion. Enchondromas of the hand often
lack the ring-and-arc calcified chondroid matrix
that is usually present in enchondromas found
elsewhere in the body. Enchondromas can occur
at any age but are most commonly found
between the third and fifth decades. They tend to
occur most commonly in the proximal phalanx,
followed by the metacarpals and then middle
phalanxes of fingers. MR characteristics include
multilobular, T2-hyperintense intramedullary
lesions with thin peripheral enhancement.
Endosteal scalloping is a common feature in the
hand, and although scalloping of greater than
two-thirds of the cortex is considered an aggres-
sive feature elsewhere in the body, this is com-
monly found in benign enchondromas of the

hand. Chondrosarcoma of the hand is rare and
typically manifests as malignant degeneration
of multiple enchondromas such as Maffucci and
Ollier’s syndrome [53]. Maffucci’s syndrome
can be differentiated from Ollier’s syndrome by
the presence of multiple slow-flow vascular
malformations (Fig. 13.19).

Surface enchondromas are a rare variant and
arise from the periosteum rather than the medul-
lary space. These occur in a similar demographic
and distribution as intramedullary enchondro-
mas. Other than the location, the MR imaging
appearance is typical of enchondromas with lobar
T2-hyperintense periosteal mass and scalloping
the outer cortex [53].

Osteochondroma

Osteochondromas are benign osseous outgrowths
of bone with characteristic cartilage cap and con-
tinuity to the intramedullary space (Fig. 13.20a).
They can be pedunculated or sessile and typically
grow away from the adjacent joint. Most com-
monly found in the second decade, they are often

Fig. 13.19 Maffucci’s syndrome. Axial (a) and coronal
(b) T1 ES post-contrast, axial T2FS (¢), and coronal T1
(d) sequences of a hand in a patient with history of
Maffucci’s syndrome. Note the aggressive chondroid
lesion with extra-osseous extension along the adjacent

flexor tendon (arrows). Corresponding radiograph (e) also
demonstrates the presence of multiple venolymphatic
malformations (curved arrows) and other chondroid
lesions (arrow heads) and confirms the diagnosis of
Maffucci’s syndrome
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Fig. 13.20 Common benign osseous lesions of the hand.
Osteochondroma (a) and BPOP (b) on radiograph. Note
the medullary continuation of the osteochondroma (arrow)

asymptomatic. Osteochondromas have a poten-
tial for malignant degeneration to chondrosar-
coma, which manifests initially by thickening of
the cartilage cap. These lesions are usually pain-
less, although new pain with these lesions should
be investigated to rule out malignant degenera-
tion. MR imaging is a useful modality to deter-
minethe cause of anewly painful osteochondroma,
which can be sequela of malignant degeneration,
fracture of the osseous stalk, or development of
an adventitious bursitis from friction with the
adjacent soft tissues [53].

versus the absence of medullary continuation in BPOP
(curved arrow)

Bizarre Parosteal Osteochondromatous
Proliferation (Nora’s Lesion)

Bizarre parosteal osteochondromatous prolifer-
ation (BPOP) is a benign entity characterized by
the development of a surface-based osteochon-
dral body along the phalanxes or metacarpals of
the hand. Its etiology is not well understood,
with neoplastic and posttraumatic origins pro-
posed. BPOP is typically found in young patient
between 20 and 30 years of age. These osteo-
chondral bodies may be pedunculated or sessile;
however, unlike osteochondromas, there is no
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continuity of the medullary space between the
tubular bone and osteochondral body
(Fig. 13.20b). MR imaging can be a useful
modality to evaluate for this continuity and dif-
ferentiate BPOP from an osteochondroma if the
lesions are sufficient in size [53].

Osteoid Osteoma

Osteoid osteomas are small, cortically based,
osteoblastic neoplasms that produce
prostaglandins which result in an exquisite inflam-
matory response. Pain from osteoid osteomas is
classically responsive to NSAIDs. On MR imag-
ing, the inflammatory response manifests as mar-
row and periosteal edema with reactive thickening
of the adjacent cortical bone. The diagnosis can
be confirmed with MR imaging if the presence of
a characteristic T2-hyperintense nidus is detected;
however, if too small, CT may be necessary to
confirmthe diagnosis (Fig. 13.21). Radiofrequency
ablation can be used to treat these lesions,
although it is not the treatment of choice in the
hand given the proximity of vital structures [53].

Aneurysmal Bone Cyst
Aneurysmal bone cysts (ABC) are benign lesions
of bone, characterized by a ‘“soap-bubble”

appearance of an expansile lytic lesion, located
eccentrically in the medullary space. In the hand,
these typically occur in the metaphysis of tubular
bones. Classically considered the sequela of a
reparative process, genetic mutations suggest this
lesion could be an immature osteoblastic neo-
plasm [53, 54]. MR imaging of ABCs reveal
expansile, septated, cystic lesions with thin
peripheral enhancement. The presence of internal
fluid-fluid levels reflecting layering blood within
the cyst is a characteristic finding. However, it
should be noted that fluid-fluid levels are not
unique to ABCs, as aggressive tumors such as
giant cell tumor, osteoblastoma, and osteosar-
coma can have an admixed ABC component with
fluid-fluid levels. Post-contrast sequences should
be obtained to confirm the presence or absence of
a solid-enhancing component when evaluating a
potential ABC.

Giant Cell Tumor of Bone

Giant cell tumor (GCT] of bone is a predomi-
nantly benign although locally aggressive osse-
ous neoplasm, accounting for 5% of bone tumors
of the hand. GCTs occur in young, skeletally
mature patient with the mean age of 22 years old.
Radiographically they are expansile lucent

Fig. 13.21 Osteoid osteoma. CT of the index finger
metacarpal with associated cortical thickening (a).
Coronal 3D T2-weighted (b) and coronal T2 FS (¢) MR

sequences reveal the hyperintense nidus (arrow) as well as
marrow edema of the proximal metacarpal (curved arrow)
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lesions with a notable non-sclerotic narrow zone
of transition. GCTs occur slightly more often in
metacarpals as opposed to phalanxes. On MR
imaging, they appear as a Tl1-hypointense, T2
iso-slight hyperintense, homogeneously enhanc-
ing mass (Fig. 13.22). Fluid-fluid levels may be
present reflecting a coexisting ABC component.
Their locally aggressive nature can be manifested
by expansion and extension beyond the cortical
bone into the adjacent soft tissues. They are often
treated with curettage and cementing of the resec-
tion cavity. GCT has the propensity to form pul-
monary metastases, and follow-up CT imaging of
the chest is recommended [53].

Infectious Conditions of the Hand

The hands are a common site of penetrating
trauma and prone to soft tissue infections. Given
the superficial nature of the hand’s complex com-
municating anatomy, infections of the hand are
prone to spreading beyond the skin and subcuta-
neous tissues. Contrast-enhanced MR imaging
has the ability to characterize soft tissues and
delineate inflammatory changes, allowing it to be
the ideal modality in assessing the extent of
infection in the hand.

Superficial Infections

Cellulitis is an infection of the dermal and subcu-
taneous tissues and is characterized by the pres-
ence of skin thickening and edema which is high
signal on T2-weighted, fat-saturated sequences.
Edema from fluid overload or hypoalbuminemia
can be differentiated from cellulitis with the pres-
ence of dermal and subcutaneous enhancement.
Infections can progress and convalesce into
abscesses, which are best seen as rim-enhancing
fluid collections on T1 post-contrast fat-
suppressed sequences.

Infections of the fingertips require special
attention due to their ability to spread to deep
structures. Paronychia is a specific soft tissue
infection involving the nail bed. It is important to
note the proximity of the nail bed to the distal
interphalangeal joint and distal phalanx increases

the propensity to advance to osteomyelitis and
septic arthritis. Similarly, a “felon” is a term that
describes an abscess of the volar pad of a finger-
tip, often as the result of penetrating trauma. This
space is relatively confined with multiple septal
divisions, and as pressure from an infection
increases, it can spontaneously decompress, pos-
sibly deep into the distal phalanx or proximally
along the flexor tendon sheath [55].

Deep Space Infections

More aggressive soft tissue infections can
extend to the deep fascial tissues and result in a
necrotizing soft tissue infection. The hallmark
for these infections on imaging is perifascial
soft tissue gas, which on MR imaging appears
as a signal void on both fluid-sensitive and
T1-weighted sequences (Fig. 13.23). MR imag-
ing can be useful in detecting the extension of
infection to the superficial and deep fascial
structures but ultimately lacks specificity in dis-
tinguishing necrotizing fasciitis from other pro-
There is a particular difficulty
distinguishing necrotizing fasciitis from pyo-
myositis; however, a comparison of the two pro-
cesses by Seok et al. determined thin smooth
enhancement of the deep and superficial fascia,
peripheral band like enhancement of the under-
lying muscle, and multicompartmental involve-
ment are all findings favoring necrotizing
fasciitis, whereas diffuse muscular enhance-
ment, intramuscular abscess, and thick irregular
enhancement of the deep and superficial fascial
favor pyomyositis [56].

Pyogenic tenosynovitis occurs when bacteria
seed and infection spread along the tendon
sheaths. It occurs more commonly with flexor
tendons rather than extensor tendons. Knowledge
of anatomy is important when evaluating infec-
tion extent. For example, small finger flexor ten-
don sheath is contiguous with the flexor tendon
sheath at the wrist, predisposing infectious spread
from the hand to the wrist and vice versa.
Infections of the thumb and small finger can also
extend along the radial and ulnar bursa, respec-
tively, and inoculate the flexor tendons at the
level of the wrist through the potential space of

CeSsses.
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Fig. 13.22 Giant cell tumor of bone. T1 (a), T2FS (b), ing from the small finger metacarpal. Corresponding
and T1FS post-contrast (¢) coronal sequences showing an  radiograph shows the typical thin circumscribed non-
expansile, locally aggressive giant cell tumor of bone aris-  sclerotic margins (d)
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Fig. 13.23 Deep space infection. Axial TIFS post-
contrast (a) and T2FS (b) sequences of the hand in a
patient with a necrotizing soft tissue infection following a
cat scratch. Note the low signal foci corresponding to soft

Parona. This creates a classic “horseshoe” distri-
bution of pyogenic tenosynovitis in the hand and
wrist. Timely decompression and treatment of
pyogenic tenosynovitis are critical as tendons can
undergo pressure necrosis and subsequent rupture
resulting in substantial functional deficit and
morbidity [55].

Septic arthritis and osteomyelitis are not
uncommon given the superficial nature of bones
and joints comprising the hand. MR imaging
findings of bone and joint infection mirror other
locations in the body and can be characterized by
the presence of joint effusions with marrow
edema of the adjacent bone, progressing to corti-
cal erosion and replacement of the normal
T1-hyperintense yellow marrow signal.

Chronic Infections

Chronic infection can have a wide range of imag-
ing presentations from soft tissue ulceration,
abscesses, sinus tracts, and even mass-like
lesions. Chronic osteomyelitis can be a destruc-
tive process, elicit sclerosis with reactive bone
formation, or a complex combination thereof.
This variety of possible presentations poses a
diagnostic challenge from an imaging perspec-
tive, and the possibility of chronic infection
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tissue gas (arrows). Muscular edema and enhancement
involve the adjacent lumbricals (curved arrows). Cultures
grew polymicrobial organisms including Pasteurella
multocida

should be considered in lesions without a clear
diagnosis [55].

Atypical infectious organisms are frequently
a causative agent in chronic infections, espe-
cially in immunocompromised patients.
Mycobacteria, both tuberculosis and non-tuber-
culosis, are common pathogens in chronic
infections of the hand. Mycobacterial infec-
tions of the hand have a predilection for
synovium and can cause chronic septic arthritis
or tenosynovitis. A characteristic finding of
mycobacterial infection on imaging is the pres-
ence of “rice bodies,” which are composed of
fibrinous tissue formed around shed synovial
fragments and named for their similar appear-
ance to rice grains on gross examination.
Specifically on MR imaging, rice bodies appear
as T2-isointense oval foci within a synovial
space (Fig. 13.24). While rice bodies can be
seen in other inflammatory causes of synovitis,
their presence should raise the possibility of
mycobacterial infection [57].

Congenital Abnormalities
Numerous congenital abnormalities occur in the

hand as manifestations of skeletal dysplasia, sys-
temic syndromes, or in utero insults. Often these
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Fig. 13.24 Chronic infection. Axial T1FS post-contrast ~ with irregularities of the flexor tendons (arrows) and dis-
(a) and T2FS (b) sequences demonstrating a patient with  tension of the tendon sheath with nonenhancing rice bod-
chronic tenosynovitis from Mycobacterium tuberculosis.  ies (curved arrows)

Note thick peritendinous and tenosynovial enhancement

Fig. 13.25 Carpal coalition. Radiograph (a) showing bilateral carpal coalition (arrows). Coronal T1 (b) and PDFS (c)
sequences confirming showing partial lunotriquetral osseous fusion.
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abnormalities are clinically apparent early in life
and characterized by radiography. However,
other congenital abnormalities of the hand are
less apparent clinically and can be noted inciden-
tally or contributing to more indolent symptoms,
presenting later in life.

Coalitions

Carpal coalition is one such example of an inci-
dental or indolent abnormality. Carpal coalition
occurs as a congenital or acquired synostosis of
the carpal bones. It is estimated to be found in
about 0.1% of the population and can be seen in
isolation or as part of a syndrome with multiple
congenital anomalies [58]. Congenital carpal
coalition is thought to be a failure of differentia-
tion during development. A.B. De Villiers
Minnaar proposed a classification for lunotriqu-
etral coalition, types 1-4: type 1, fibrocartilage
coalition; type 2, partial osseous fusion
(Fig. 13.25); type 3, complete osseous fusion;

and type 4, complete osseous fusion with other
carpal abnormalities present [59].

Carpal Boss

Carpal boss is a loosely defined term describing
an osseous prominence dorsally along the capi-
tate at the index and ring finger carpometacarpal
joints, also referred to as the quadrangular joint.
It is differentiated from an os styloideum by the
presence of fusion or partial coalition to the adja-
cent capitate bone, analogous to the os trigonum
and Stieda process of the talus. The exact etiol-
ogy of carpal bossing is unknown, although a
congenital process is a strong possibility given
the nature of these lesions [60]. While carpal
bossing can be diagnosed with radiography or
CT, MR imaging is utilized to assess for bone
marrow edema and inflammation or injury to the
adjacent soft tissues. These findings allow the
interpreter to establish the carpal boss’s role in
the presenting clinical syndrome (Fig. 13.26).

Fig. 13.26 Carpal boss. Sagittal PDFS (a) and axial T1 (b) MRI sequences of a patient with a symptomatic partially
fused carpal boss (arrows). Note the mild adjacent soft tissue edema/inflammation (curved arrows)
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Cat-scratch disease, 101, 102
Chondrosarcoma, 97-99
Circle of Horii, 64
Congenital radial head dislocation, 103
Congenital radioulnar synostosis, 103, 104
Coronoid fractures
etiology and clinical presentation, 43
O’Driscoll classification system, 45, 46, 48
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Giant cell tumor (GCT), 266
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Interphalangeal fracture-dislocation injuries, 218
Intersection syndrome, 147, 148
Intra-articular bodies
classification/staging, 55, 56
etiology and clinical presentation, 54
imaging, 54, 55
treatment, 56
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Intraosseous ganglion cysts, 165, 166

K
Kienbock’s disease, 116, 137, 138

L
Lateral epicondylitis, 62
Lateral epicondylosis
classification, 71
etiology and clinical presentation, 70-71
imaging, 71
treatment, 72
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etiology and clinical presentation, 62—63
imaging, 63, 64
treatment, 63, 64
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imaging, 57, 58
treatment, 57
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Lunate morphologies, 153
Lunotriquetral ligament (LTL), 140

M
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Medial epicondylosis (Common flexor
tendinopathy)
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imaging, 72, 73
treatment, 73
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imaging, 79
treatment, 79
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diagnosis, 50
long term complications, 50
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imaging, 48-50
treatment, 53
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treatment, 56
Panner’s disease, 46
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Pilon injuries, 218
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treatment, 76
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Mason classification, 38
treatment, 38, 39
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S

Sagittal band injuries, 240

Scaphoid fractures, 134

Scaphoid non-union, 135-137
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Supracondylar spur, 104, 105
Synovial cell sarcoma, 99
Synovial chondromatosis, 95, 96
Synovial cysts
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imaging, 169
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Synovial sarcoma, 177-178

T
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Thumb
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interphalangeal joint, 240, 243
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