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Preface

“An ultrasonic voyage around the hand and wrist”

In the era of William Shakespeare, one of the greatest masters of the English
language, the five human senses, namely vision, audition, gustation, olfaction
and somatosensation, were termed outward wits, while inward wits included
common Wwit, imagination, fantasy, estimation (more recently referred to as
instinct) and memory.

It seems as though many rheumatologists have found their sixth sense in
ultrasonography: using sound to permeate the skin through the surrounding soft
tissue into synovial joints. Ultrasound developed in the animal kingdom as a
means to facilitate hunting and movement through echolocation. In more mod-
ern times physicians adopted ultrasound from the field of engineering where it
was first utilized for non-destructive testing. However, the sixth sense does not
replace the other five senses during the clinical examination of a rheumatic
patient. Ultrasound is a complementary sense which should only be used if new
information can be gained. Thus, it may aid clinical examination, screening,
disease classification, pathology monitoring, therapeutic decision-making,
guided interventions, recognition of complications and can also be used as a
research or educational tool. However, it rarely provides a diagnosis on its own
without other diagnostic methods. For this reason, we strongly believe that
ultrasonography should be incorporated into clinical examination. On the other
hand, as an imaging tool, ultrasound should always be used in conjunction with
normal human anatomy, X-ray, CT and MRI. This book is structured in a way
that follows this chain of thought.

Why focus on the hand and wrist? Put simply, the hand of a rheumatic patient
serves as a kind of ‘visiting card’, informing the rheumatologist about their disease.
Furthermore, with high-frequency transducers, we can achieve the highest resolu-
tion when examining hands (and to a similar extent, feet), especially the five digits
(thumb, index, middle, ring and little finger) that are examined with ultrasound by
holding the transducer with all five fingers.
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With this parting thought, we would like to thank all co-writers for using their
respective five fingers to create this book. We ask our distinguished readers to use
their senses and wits to the best of their ability while examining patients during their
rheumatology carrier.

Bon voyage
Budapest, Hungary Peter Vince Balint, MD., PhD., FRCP.
Vienna, Austria Peter Mandl, MD., PhD.

November 8, 2017
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Clinical Examination of the Hand
and Wrist in Rheumatology

Eszter Kovari, Reka Kurucz, Peter Mandl, Geza P. Balint,
and Peter Vince Balint

Inspection

Visual inspection is the first step of any physical examination (Fig. 1.1). Table 1.1
lists the most common findings, which may occur in a rheumatological setting.
Involved joints may be counted and mapped. This may provide important informa-
tion for classifying arthritis, i.e. as mono-/oligo- and polyarthritis, ray pattern typi-
cal in psoriatic arthritis, etc.

Palpation

Temperature of the skin may be decreased in diffuse fashion seen in Raynaud’s
phenomenon; however, localized hyperthermia over a joint or area is more common
and may be commonly found in septic arthritis and cellulitis/panniculitis, respec-
tively (Fig. 1.2). The skin itself may be elevated in cutis laxa, i.e. Ehlers-Danlos
syndrome, or thickened as in systemic sclerosis (diffused or localized). Localized
thickening of the palmar aponeurosis may also be seen in Dupuytren’s contracture
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Fig. 1.1 Inspection of the
dorsal aspect of the hands
and wrists

Fig. 1.2 Testing skin
temperature

(particularly affecting the fourth digit) and in diabetic cheiroarthropathy (Fig. 1.3).
Diffuse thinning of the skin may be age-related; however, localized atrophy is a
common side-effect of glucocorticoid injections. Swelling may be articular as com-
monly seen in arthritides (Fig. 1.4) and periarticular as in the case of rheumatoid
nodules or ganglion cysts, both of which commonly occur on the dorsal side of the
hand. The tuck sign denotes a bulging of the dorsal aspect of the wrist during active
wrist/finger extension seen in extensor tenosynovitis. Patients with septic tenosyno-
vitis of the flexor tendons of the hand may exhibit Kanavel’s cardinal signs consist-
ing of slight flexion of the affected finger, swelling and tenderness along the affected
tendon and pain on passive extension of the affected finger. Swelling may also be
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Table 1.1 Common signs on visual inspection in rheumatic and musculoskeletal diseases

Sign Localization
Erythema Single/multiple joint (e.g. septic arthritis)
Region (e.g. palmar erythema in SLE: systemic lupus
erythematosus with hepatic involvement)
Diffuse (e.g. cellulitis, erysipelas)
Pallor Single or multiple digits (e.g. Raynaud’s phenomenon)
Cyanosis Fingertip, nail bed (e.g. acrocyanosis)

Diffuse (e.g. Raynaud’s phenomenon)

Cutis reticularis/marmorata

Diffuse (e.g. antiphospholipid syndrome)

Mottled skin

Varied (e.g. vitiligo)

Stained skin

Fingertips (nicotine)

Diffuse (e.g. diffuse yellow in carotenemia)

Suffusion

Dorsal surface of the hand (e.g. glucocorticoid use)

Scars, wounds and keloids

Palmar (e.g. median nerve release scars)

Dorsal (e.g. common injuries, scars, ulcerated gouty tophi,
Gottron’s sign)

Subcutaneous calcinosis

Diffuse (e.g. CREST syndrome)

Cracks and fissures

Diffuse (e.g. mechanic’s hand, dermatomyositis)

Atrophy

Diffuse (e.g. systemic sclerosis, glucocorticoid use)

Slacking skin

Dorsal (e.g. anetoderma in systemic lupus erythematosus)

Diffuse (e.g. cutis laxa—Ehlers-Danlos syndrome)

Nail bed lesions

Localized (e.g. nailfold vasculitis, splinter haemorrhage)

Swelling

Diffuse (e.g. puffy hands in remitting seronegative symmetrical
synovitis with pitting edema, algodystrophy, palindromic
rheumatism, paraneoplastic syndrome)

Single/multiple finger (e.g. dactylitis, spina ventosa)

Single/multiple joint/tendon (e.g. rheumatoid arthritis)

Deformity

Diffuse nail (e.g. hourglass deformity)

Single nail (e.g. pitting subungual hyperkeratosis, Beau’s lines,
oil drop patches, onycholysis in psoriatic arthritis, mycosis)

Diffuse finger (e.g. clubbing)

DIP: distal interphalangeal joint (e.g. Heberden’s node)

PIP: proximal interphalangeal joint (e.g. Bouchard’s node)

CMC joint (e.g. squaring in rhizarthrosis)

Ulnar head (e.g. piano key sign in rheumatoid arthritis, Bayonet
deformity or Madelung’s deformity)

Palmar aponeurosis (e.g. Dupuytren’s syndrome,
cheiroarthropathy)

Diffuse (e.g. Volkmann’s contracture)

Gangrene, ulcer

Fingertip (e.g. systemic sclerosis)

Malalignment

Swan-neck deformity (proximal interphalangeal joint
hyperextension and distal interphalangeal joint flexion)

Boutonniere (or buttonhole) deformity (proximal interphalangeal
joint flexion and distal interphalangeal joint extension)

Radial deviation of the wrist (e.g. juvenile idiopathic arthritis)

Ulnar deviation and subluxation of the metacarpophalangeal
joints (e.g. rheumatoid arthritis)

Z or zigzag deformity of the thumb (e.g. rheumatoid arthritis)

(continued)
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Table 1.1 (continued)

Sign

Localization

Muscle atrophy

Thenar (e.g. carpal tunnel syndrome)

Hypothenar (e.g. Guyon’s tunnel syndrome)

Interossei (e.g. theumatoid arthritis)

Claw hand (e.g. syringomyelia)

Non-voluntary movement

Single muscle/diffuse (e.g. fasciculation, tremor)

Fig. 1.3 Placing palms
together to test for diabetic
cheiroarthropathy

Fig. 1.4 Palpation of joint

swelling

diffuse, e.g. occurring in gout or pseudogout. Puffy hands are seen in remitting
seronegative symmetrical synovitis with pitting oedema (RS3PE). Localized swell-
ing of the nailbed or fingertip may indicate a glomus tumor. Swelling of an entire
finger seen in dactylitis can also be measured using a dactylometer (Fig. 1.5) [1].
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Fig. 1.5 Use of the Leeds
dactylometer

Fig. 1.6 Radial pulse
palpation

Pulsating swelling localized over an artery can be encountered in aneurysm or pseu-
doaneurysm of the radial artery. Lack or weakness of the radial pulse may indicate
Takayasu’s arteritis (Fig. 1.6). Capillary refill can be prolonged in Raynaud’s phe-
nomenon (Fig. 1.7). Deformities may either be localized when occurring after
trauma or affect multiple localizations, such as those occurring in rheumatoid arthri-
tis (ulnar deviation, swan-neck deformity, etc.). Palpation can also be used to elicit
pain over single joints or regions, such as Tinel’s sign elicited by light tapping over
the nerve (e.g. over the median nerve in carpal tunnel syndrome or over the ulnar
nerve in Guyon’s canal syndrome) (Fig. 1.8). Crepitation may be detected over the
tendon sheath of finger flexor tendons in chronic flexor tenosynovitis and de
Quervain’s tenosynovitis.
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Fig. 1.7 Capillary refill test

Fig. 1.8 Testing for Tinel’s
sign

Movement

Testing of passive motion and observation of active motion of the wrists and hands
may reveal limited range of motion (ROM), seen in a wide range of pathological
conditions from arthritides to osteoarthritis (Fig. 1.9). Limited ROM may be seen
also in tendon pathology, including tendon tears or the limitation of smooth move-
ment coupled with the sensation of sudden release during extension of the tendon
seen in trigger finger. Movement beyond the normal range of motion may be seen in
hypermobility syndrome, which may also be a feature of rare inherited diseases
such as Ehlers-Danlos syndrome, Marfan syndrome or Down syndrome.
Hypermobility is commonly assessed among others by the Beighton score or the
Brighton or Bulbena criteria (Fig. 1.10) [2—4]. Passive range of motion may be lim-
ited by excess synovial fluid/synovitis, joint dislocation or subluxation, intra-
articular chondromatosis, intra-articular loose bodies, extra-articular masses
blocking motion, muscle spasms and contractures (myogenic, desmogenic or arth-
rogenic), among others. All of the above may of course interfere also with active
motion (Figs. 1.11 and 1.12). Normal range of active motion for the hand and fin-
gers is listed in Table 1.2. Observation of motion may in addition reveal muscle
rupture, muscle weakness/paresis or paralysis, tendon rupture/damage as well as
malingering.
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Fig. 1.9 Dorsiflexion of
the wrist

Fig. 1.10 Hypermobility test
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Table 1.2 Normal ranges of
motion for hand and finger
joints

Fig. 1.11 Active
hyperextension of the
finger

Movement Range
Wrist

Volar (palmar) flexion 0-80°
Dorsal flexion (extension) 0-70°
Radial deviation 0-20°
Ulnar deviation 0-30°
Thumb; carpometacarpal joint

Abduction 0-50°
Flexion 0-15°
Extension 0-20°
Thumb; metacarpophalangeal joint

Flexion 0-50°
Extension 0-10°
Thumb; interphalangeal joint

Flexion 0-80°
Extension 0-20°
Finger; metacarpophalangeal joint

Flexion 0-90°
Extension 0-45°
Finger; proximal interphalangeal joint

Flexion 0-100°
Extension 0-5°
Finger; distal interphalangeal joint

Flexion 0-90°
Extension 0-10°

Neutral position of the wrist: hand with palm facing down in the axis and plane

of the underarm.

Neutral position of the thumb: thumb resting at the side of the index finger which
is in the plane of the radius. Opposition and circumduction are complex movements

composed of basic motions.

Neutral position of the fingers: fingers are positioned side by side in the plane of
the underarm. Muscle strength can be assessed by quantitative methods using a
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Fig. 1.12 Active flexion of
the fingers

Fig. 1.13 Testing of grip
strength using a
dynamometer
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dynamometer (Fig. 1.13) [5] and qualitative methods such as manual muscle testing
(MMT) [6] or the widely accepted and used scale proposed by the Medical Research
Council [7], both of which have been modified by various authors.

Specific Tests

A number of tests have been developed to test hand function, innervation and circu-
lation as well various hand injuries and joint stability. The following specific tests
designed to evaluate motion as well as signs relevant to the field of rheumatology
are commonly performed during a rheumatological examination:

e Turning hands over: testing pronation-supination.

e Balling of fists: testing multiple joint flexion.

e Gripping the middle and index finger: testing of power grip (Fig. 1.14).

e Opposing thumb with individual fingers: testing of precision grip (Fig. 1.15).

* Everyday activities: opening a jar or picking up small objects (Figs. 1.16, 1.17).

Fig. 1.14 Testing of the
power grip

Fig.1.15 Testing of the
precision grip
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Fig. 1.16 Everyday activity:
opening a jar

Fig. 1.17 Everyday activity:
picking up small objects

Fig. 1.18 Testing for
Phalen’s sign
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Fig. 1.19 Finkelstein’s test

* Phalen’s sign test: the wrists are pressed together in forced flexion for at least 60
seconds; tingling, numbness or pain may indicate carpal tunnel syndrome
(Fig. 1.18).

» Finkelstein’s test: the examining physician or therapist grasps thumb and ulnar
deviates the hand sharply. Sharp pain occurring along the distal radius may indi-
cate de Quervain’s tenosynovitis (Fig. 1.19). Alternatively a modified Eichhoff’s
test may be performed in which the patient is asked to flex their thumb and
clench their fist over the thumb followed by ulnar deviation performed by the
practitioner.

e Watson’s test: the examining physician grasps the wrist with their thumb over the
scaphoid tubercle on the volar aspect of the palm with the wrist held in slight
extension. The patient’s wrist is then moved from ulnar to radial deviation. The
feeling of a “clunk” or the indication of pain upon the manoeuver may indicate a
tear of the scapholunate ligament or scapholunate instability.

* Gaenslen’s squeeze test: lateral compression (squeezing) of the metacarpopha-
langeal (or metatarsophalangeal) joints (Fig. 1.20). Tenderness indicates
arthritis.

Information from all of the above-mentioned domains may be graded on a scale,
e.g. 04, and summarized into a uniform scoring system, such as the STWL (swell-
ing, tenderness, warmth and limitation of movement) system. Using the above-
mentioned system, the right fifth PIP S3T4W1 L3 would denote moderate swelling,
severe tenderness, trace warmth and 75% loss of normal range of motion of the right
fifth PIP joint [8].
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Fig. 1.20 Gaenslen’s squeeze test
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Gross Anatomy of the Human Hand

Gabor Baksa, Peter Mandl|, Szabolcs Benis, Lajos Patonay,
Geza P. Balint, and Peter Vince Balint

Layer-by-Layer Anatomy of the Hand
Skin, Subcutis and Nail

The first anatomical layer that both the rheumatologist and the ultrasonographer
encounter is the surface of the skin. Despite a lot of anatomical variants, there are
constant lines of the skin, which can serve as markers, e.g. for joint spaces. Several
sets of anatomical skin lines (e.g. Langer’s, Kreissl’s, Blaschko’s, etc.) have been
defined either in cadavers or live subjects. On the dorsal surface, the superficial
venous network of the hand feeds into the cephalic vein on the radial side and the
basilic vein on the ulnar side. The dorsal metacarpal veins run over the knuckles as
a venous arch. Skin creases over the proximal interphalangeal joints (PIP) and distal
interphalangeal joints (DIP) are also well visualized (Fig. 2.1). The surface of the
palm is broken by hills and valleys. Lumbrical muscles and neurovascular bundles
produce hills, while valleys contain flexor tendons. Distinction of creases on the
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Fig. 2.1 Surface anatomy of the hand. (a) Dorsal surface; (b) palmar surface. ACV accessory
cephalic vein, CDIP crease over the distal interphalangeal joint, CIP crease over the interphalan-
geal joint, CMF crease of middle finger, CPIP crease over the proximal interphalangeal joint, DFC
distal flexure crease, DIPC distal interphalangeal crease, DTC distal transverse crease, ED exten-
sor digitorum tendons, FCR flexor carpi radialis tendon, /PC interphalangeal crease, K knuckle, LL
life line, MO monticuli, N nail, PFC proximal flexure crease, Pi pisiform, PIPC proximal interpha-
langeal crease, PL palmaris longus tendon, PTC proximal transverse crease, STR styloid process
of radius, U ulna

palmar hand are generally easy (Fig. 2.1). Friction ridges on the fingertips and the
palm are important not only for forensic medicine and identification (fingerprint)
but help with gripping function as well.

The palmar side of the hand is divided into the regions of the thenar, mesothenar
and hypothenar by the palmar aponeurosis and the medial and lateral intermuscular
septa. The intermuscular septae originate on both margins of the aponeurosis,
anchoring it to the second and fifth metacarpals. The palmar aponeurosis originates
either from the palmar ligament or in most cases is continuous with the tendon of
the palmaris longus muscle. However, it always inserts with longitudinal fibres on
the fibrous tendon sheets sheaths of the second to fifth fingers as well as sending
fibres into their subcutaneous tissue, respectively. At certain points proximally, it
adheres tightly to the palmar skin, while distally its fibres are looser. There are also
some transverse fibres traversing between the longitudinal fibres. These fibres form
three windows between the second and fifth fingers, where the common digital
arteries bifurcate into their proper digital branches. The nerves pass under the super-
ficial transverse metacarpal ligament, also called natatory ligament, more proxi-
mally, just under the transversal fibres. The nerves and vessels are covered only by
thick subcutaneous fat pads (monticuli), which are best visible when the palmar
skin is stretched by forced extension of the fingers (Fig. 2.2).
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Fig. 2.2 First palmar layer
under the skin and
subcutaneous tissue. HTF
hypothenar fascia, MO
monticuli, PA palmar
aponeurosis, PB palmaris
brevis muscle, TF thenar
fascia

Palmaris brevis is a tiny muscle originating from the flexor retinaculum and the
palmar aponeurosis and inserting onto the skin of the hypothenar. It is the only hand
muscle innervated by the superficial branch of the ulnar nerve.

On the palmar side of the hand on the palm the skin is fixed to the palmar apo-
neurosis by perpendicular septae; similar septae fix the skin on the fingers at the
level of the metacarpophalangeal (MCP), PIP and DIP joints. At the fingers, digital
cutaneous ligaments called Cleland’s ligaments run dorsal to the digital nerves,
while on the volar aspect, we find Grayson’s ligament, superficial to the digital
nerves, attached to the skin fixing deep layers of fascia. A major advantage of this
type of tethering is that it limits the mobility of the skin during active movement,
and these structures also stabilize the digital neurovascular bundle.The distal dorsal
end of the finger is covered by a slightly convex nail. The nail plate has several
folds, namely two lateral (paronychium) and one proximal fold covered by the cuti-
cle at the eponychium. Altogether this is defined as the perionychium. The fourth
free margin is called the distal edge. On the opposite, proximal side we find the
lunula, which is the named after its resemblance to the shape and color of a waxing
or waning gibbous moon. The nail matrix (sterile (or hyponychium) and germinal)
lies deeply at the proximal folds. The proximal edge (or root) of the nail lies under
the skin and is called the occult margin. The nail bed has a very rich capillary net-
work and appears pink in healthy subjects. The nail itself has a hard keratin struc-
ture attached to the germinal and sterile matrix with two plates (dorsal and a ventral).
Not too far from the distal interphalangeal joint the ventral floor is attached firmly
to the periosteum next to the insertion of the extensor tendon.
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Bones

Like the middle layer of a “sandwich”, bones divide the hand into the dorsal and
palmar aspect. Hand bones lay closer to the dorsal surface than to the palmar sur-
face, with the latter containing relatively more soft tissue and muscles. This leads to
the palmar part of the hand being thicker than the dorsal, which in turn results in
better acoustic resolution when examining the dorsal aspect of the hand. The hand
is joined to the two bones of the forearm (radius and ulna) and consists of the car-
pus, metacarpus and fingers. The distal ends of the radius and the ulna form a pivot
joint with the radial distal edge rotating in the ulnar notch. The proximal transverse
arch is formed by the two rows of carpal bones. Metacarpal heads form the distal
transverse palmar arch of the palm. The major longitudinal arch (third digital ray)
runs from the dorsal tubercle of the radius (Lister’s tubercle), through one of the
largest and strongest carpal bones, the capitate to the base of the third metacarpal.
Longitudinal hand arches fan out on both sides of the major longitudinal arch reach-
ing the second, fourth and fifth metacarpal bases, respectively. Along with the
thumb which opposes the other fingers, these arches form a ball-catcher’s hand. We
can also visualize four diagonal arches between the thumb and other fingers. All
these arches contribute to a semi-spherical basket hilt of the hand ideal for catching
and holding objects (Fig. 2.3).

The carpus is formed by four proximal and four distal carpal bones. The proxi-
mal row of the carpal bones (from radial to ulnar: scaphoid, lunate, triquetrum,
pisiform) forms the radiocarpal joint proximally with the radial bone and the mid-
carpal joint distally with the second row of carpal bones (from radial to ulnar:
trapezium, trapezoid, capitate and hamate) (Fig. 2.4). The most medially located

Fig. 2.3 Hand arches. (a) Diagonal arches; (b) digital rays of the left hand and proximal and distal
transverse palmar arches of the right hand
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Fig. 2.4 Bones of the hand. (a) Palmar aspect; (b) dorsal aspect. C capitate, D distal phalanx, H
hamate, /-V first to fifth metacarpals, Lu lunate, M middle phalanx, P proximal phalanx, Pi pisi-
form, S scaphoid, 7a trapezium, 7o trapezoid, Tr triquetrum

pisiform and hamate bones and the laterally positioned scaphoid (with its tubercle)
and trapezium form the medial and lateral carpal eminences, respectively. The distal
end of the ulna and ulnar styloid process form a joint with the proximal carpal bones
and with the triangular fibrocartilage complex. The pisiform, a sesamoid bone on
which the flexor carpi ulnaris muscle inserts, is not an actual part of the radiocarpal
joint because it has a joint articulation surface only dorsally towards the
triquetrum.

The pisiform is the ulnar bony landmark of the proximal entry of the carpal tun-
nel. The tubercle of the scaphoid is the radial landmark of the proximal entry of the
carpal tunnel and also an identification point to localize the ulnar artery, situated
laterally from the pea-shaped bone. The distal bony pillars of the carpal tunnel are
the hook of the hamate (hamulus ossis hamatum) and the trapezium at the ulnar and
radial sides, respectively.

Sesamoid bones occur commonly on the palmar aspect of the hand and are con-
sidered normal variants. The numbers of carpal bones are frequently and variably
increased, with a large number of accessory ossicles described, the detailed review
of which is beyond the scope of this book.

The metacarpus consists of the five metacarpals, which can be divided into base,
shaft, neck and head. The head of the metacarpal bone is oblong and slightly elon-
gated in the dorso-palmar axis; although it may be irregular, the head has a smooth
convex area that is the intraarticular part. The extrasynovial areas of the head are
rough and contain a medial and lateral tubercle for the attachment of the collateral
ligaments, as well as an elevated ridge surrounding the intraarticular smooth area.
This ridge forms a dorsal depression which is smooth and well-demarcated and has
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reflective bone at its base. It occurs at the site of the fused growth plate and is a site
of entry for nutritional/feeding vessels. In an ultrasound study on cadavers, this
depression was visualized in 37% of examined MCP joints (highest frequency
found in the second MCP joint) and appeared as a well-defined bony groove on both
longitudinal and transverse ultrasound scans, with no cortical break [1].

The fingers are built up by the proximal, middle and distal phalanges, respec-
tively. The thumb has no middle phalanx. The distal phalanges have a so-called
tuberosity on their head portion.

Extrinsic and Intrinsic Ligament of the Wrists

Extrinsic ligaments connect the carpal bones proximally to the radius and ulna and
distally to the metacarpals. Intrinsic ligaments originate from and insert into differ-
ent carpal bones. Ligaments form a dorsal radiocarpal “V” ligament and proximal
and distal palmar “V” ligament complexes. For rheumatologists, perhaps the most
important ligaments are the scapholunate and the lunotriquetral ligament (Fig. 2.5).
Both ligaments have three parts: palmar, dorsal and intermediate. Both intrinsic

Fig. 2.5 Coronal sections of hand joints. (a) Coronal section across the wrist, carpal and carpo-
metacarpal joints, (b) coronal section across the fourth metacarpal joint. AD articular disc, C capi-
tate, DA dorsal aponeurosis, DI dorsal interosseous, H hamate, //-1V second to fourth metacarpals,
LTL lunotriquetral ligament, Lu lunate, P proximal phalanx, R radius, S scaphoid, SCL scapholu-
nate ligament, TFC triangular fibrocartilage complex, 7o trapezoid, 7r triquetrum, U ulna, arrow-
heads metacarpal joint capsule and collateral ligament
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interosseous and intrinsic capsular ligaments are important to maintain carpal
arches, mobility and stability; however ultrasound cannot depict interosseous liga-
ments. Scaphoid and lunate are the most mobile bones, and the second and third
metacarpal bases are the most fixed parts of the wrist.

Ligaments of the MCPs, PIPs, DIPs and IPs

Despite their different size and type of joint MCP joints are condyloid while the
others are hinge joints, ligaments are arranged similarly around MCPs, PIPs, DIPs
and interphalangeal joints (IPs) (Fig. 2.5). A major exception is the deep transverse
metacarpal ligament connecting the second, third, fourth and fifth metacarpal heads
and their respective palmar plates to avoid any unexpected separation of the meta-
carpals during the individual movement of the fingers. All joints have radial (more
horizontal) and ulnar (more oblique) collateral ligaments. Collateral ligaments have
two parts: the cord-like proper ligaments, which are located more dorsally, and fan-
shaped accessory ligaments, which are more palmar and at the proximal phalanx are
attached to the palmar plate and to the transverse metacarpal ligament. They act
differently based on their location of origin and insertion. Both stabilize the joint,
with the proper ligament tightening during flexion and relaxing during extension.
Accessory ligaments are tight during extension and relaxed during flexion. The
interosseous muscles pass dorsally to the transverse metacarpal ligament, while the
lumbrical muscles pass palmar to the same ligament and insert onto the collateral
ligaments, stabilizing the joints from lateral. Retinacular ligaments (both transverse
and oblique retinacular ligaments of Landsmeer) aid in flexion and extension of the
PIP and DIP joints. Oblique ligaments originate on the palmar part of the proximal
phalanx, cross the collateral ligament and insert more dorsally on the distal phalanx.
Transverse bands originating from the border of the flexor tendon sheath and insert
onto the lateral bands of the extensor hood.

Muscles in the Mid-layer

Lumbrical muscles originate from the deep flexor tendons and run towards and
insert onto the expansion of the extensor tendon functioning as flexors of the MCP
joints and extensors of the PIP joints. Interosseous muscles have two groups. The
palmar interossei originate on the side of the shaft of the second, fourth and fifth
metacarpal and insert onto the bases of the proximal phalanges of the second, fourth
and fifth fingers as well as onto the expansion of the extensor tendons (Fig. 2.6).
Their main action is adduction, but they also contribute to flexion and extension of
the fingers. The dorsal interossei also originate on the side of the shaft of the second
to fifth metacarpal and attach to the proximal phalanges of the second to fourth
fingers as well as onto the dorsal aponeurosis of the extensor tendons. Their main
action is abduction of the fingers.
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Fig. 2.6 Deep layer of the
hand muscles. Note, the
first palmar interosseous
muscle is covered by the
adductor pollicis muscle.
ADP adductor pollicis
muscle (oblique and
transverse head), APB
abductor pollicis brevis
muscle, DPA deep palmar
arch, DUA deep branch of
ulnar artery, FPB flexor
pollicis brevis muscle, FR
flexor retinaculum, L
lumbricals, PI palmar
interosseous muscle, PMA
palmar metacarpal arteries,
UA ulnar artery

Vascular Arches, Blood Supply and Lymphatic Vessels

Due to their complexity and clinical importance, we provide a brief overview of
the arterial supply of the hand. The vessels originate from the two main branches
of the brachial artery: the radial and ulnar artery. The radial artery is located on
the dorsal side of the hand, where it runs above the wrist through the radial
foveola (“fossa tabatiere”), then cruises under the tendon of extensor pollicis
longus and perforates the first dorsal interosseous muscle. This perforator branch
is the main input of the deep palmar arch, which takes its other origin from the
deep branch of the ulnar artery. The latter enters the hypothenar between the
flexor digiti minimi brevis and abductor digiti minimi muscles. The deep arch
gives off the four palmar metacarpal arteries, which then supply the interosseous
muscles and partially also some carpal structures. Running then distally forward,
they usually anastomose with the common digital palmar arteries from the super-
ficial arch. The digital arteries originate from the superficial arch, and even small
arteries enter into the joint cavity and also supply tendons via the mesotenon.
Under the joint capsule, the central slip and the dorsal depression of the metacar-
pal head are rich in small vessels and capillaries (Figs. 2.7 and 2.8). Outside the
joints, muscles and especially nailbeds are characterized by rich capillary net-
works. Deoxygenated blood is collected first by the palmar digital veins, flowing
into the superficial and deep palmar arches before finally reaching the medial
antebrachial vein, ulnar vein and radial vein and ultimately the basilic and
cephalic veins into the upper arm. Lymphatic vessels follow the veins, and the
first major lymph nodes are located in the cubital region. No lymph node exists
in the hand and wrist.
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Fig. 2.7 (a) Anatomical snuff box with injected radial artery (tendon of extensor pollicis longus
muscle are cut). (b) Vascular corrosion cast of hand arteries. Arteries injected with blue-coloured
resin. CPA common palmar digital artery, DI first dorsal interosseous muscle, DMA dorsal meta-
carpal arteries, ECB extensor carpi radialis brevis tendon, ECL extensor carpi radialis longus ten-
don, ED extensor digitorum tendon, EI extensor indicis tendon, EPB extensor pollicis brevis
tendon, EPL extensor pollicis longus tendon, PPA proper palmar digital artery, RA radial artery,
SRA superficial branch of radial artery, UA ulnar artery

Fig. 2.8 Arterial arches of the hand. (a) Superficial palmar arch; (b) deep palmar arch. ADP
adductor pollicis muscle, APB abductor pollicis brevis muscle, DI second dorsal interosseous
muscle, DPA deep palmar arch, DUA deep branch of the ulnar artery, FDM flexor digiti minimi
brevis, FDS flexor digitorum superficialis tendons, FPB flexor pollicis brevis muscle, FTS fibrous
tendon sheath, L lumbricals, MN median nerve, PCA common palmar digital arteries, P/ palmar
interosseous muscle, PMA palmar metacarpal arteries, S7'S synovial tendon sheath, SUN superfi-
cial branch of ulnar nerve, UA ulnar artery, arrowheads superficial palmar arch, double arrow-
heads volar carpal artery

Neural Network

The median nerve divides into three main branches, the recurrent branch and the
digital cutaneous branches (separating further to common palmar digital and proper
palmar digital branches) before the nerve enters the carpal tunnel, but the branches
remain strictly together and diverge only after exiting the tunnel. The lateral
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Fig.2.9 Guyon’s canal
and carpal tunnel. Note,
the median nerve divided
in three branches and

the thenar motoric branch
exiting from the carpal
tunnel. FDS superficial
flexor digitorum tendons,
FR flexor retinaculum, MN
median nerve, UA ulnar
artery, UN deep and
superficial branches of the
ulnar nerve, arrowheads
motor branch to thenar
muscles

recurrent branch, also called “the million-dollar nerve”, perforates the lateral inter-
muscular septum and runs to the thumb and to the radial side of the index. Just after
exiting from the tunnel, it gives off a short branch to the thenar musculature. The
further two branches remain in the mesothenar running towards the second to fourth
fingers. A well-known variation is the so-called “bifid” median nerve, where the
nerve enters the carpal tunnel as two strong nerve stems. The prevalence of a bifid
median nerve is less than 10% with a high likelihood of a bilateral condition and is
sometimes but not always accompanied by a persistent median artery. The median
nerve provides sensory innervation for the skin of the palmar aspect of the thumb,
index and middle fingers and the palmar-radial side of the ring finger. The median
nerve also innervates the dorsal aspect of the first three fingertips. The ulnar
nerve enters Guyon’s canal (Fig. 2.9). During ramification, it gives off two branches
called the superficial and deep branches of the ulnar nerve. A number of anastomo-
ses between the median and ulnar nerve have been described, as anatomical varia-
tions [2]. The ulnar nerve provides sensory innervation to the palmar side of the fifth
digit as well as the palmar-ulnar aspect of the fourth digit. Radial nerve: the main
trunk of the nerve does not enter the hand. It divides into a deep branch, which
becomes the posterior interosseous nerve and a superficial branch, which goes on to
innervate the back of the hand. Branches of the radial nerve innervate the dorsal
surface of the lateral side of the palm as well as the lateral three and half digits.
Finally, common palmar digital nerves and proper palmar (digital) nerves run on
both sides of the fingers along the arteries until the finger tips. Motor innervation of
extrinsic and intrinsic hand muscles and their origin, insertion and function are
shown in Tables 2.1 and 2.2.
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Table 2.1 Extrinsic hand muscles

Muscle Origin Insertion Function Innervation
Flexor carpi Medial Base of the second | Elbow: Median nerve
radialis epicondyle, metacarpal bone flexion,
fascia antebrachii pronation
Wrist: radial
abduction,
palmar
flexion
Flexor carpi Medial Hamate, the tendon | Elbow: Muscular
ulnaris epicondyle, also includes the flexion branches of the
medial part of the | pisiform as a Wrist: ulnar ulnar nerve
olecranon sesamoid bone, abduction,
basis of the fifth palmar
metacarpal bone flexion
Palmaris longus | Medial Palmar aponeurosis | Ensure firm Median nerve
epicondyle hand grip
Flexor Medial Second to fifth Second to Median nerve
digitorum epicondyle, middle phalanx fifth fingers:
superficialis tendinous arc flexion
between coronoid
process of ulna
and radius
Flexor pollicis | Palmar part of the | Thumb distal Thumb Median nerve
longus radius phalanx flexion
Flexor Ulnar tuberosity | Distal phalanx of Second to Median (second
digitorum and interosseous | the second to fifth | fifth fingers: and third
profundus membrane fingers flexion fingers) and
ulnar nerve
(fourth and fifth
fingers)
Pronator Medial part of the | Lateral and palmar | Lower arm Median nerve
quadratus distal ulna part of the distal pronation
radius
Brachioradialis | Above the lateral | Styloid process of | Elbow: Radial nerve
epicondyle of the | radius flexion
humerus Lower arm:
pronation
Joint

stabilizator

Extensor carpi Above the lateral | Dorsal part of the Wrist: dorsal | Radial nerve
radialis longus | epicondyle of the | base of the second | flexion,
humerus metacarpal radial
abduction
Extensor carpi Lateral Dorsal part of the Wrist: dorsal | Radial nerve
radialis brevis epicondyle of the | base of the third flexion
humerus metacarpal

(continued)
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Table 2.1 (continued)

Muscle Origin Insertion Function Innervation
Extensor Lateral Second to fifth Finger Radial nerve
digitorum epicondyle of the | middle and distal extensor
humerus and phalanx
dorsal forearm
fascia
Extensor Lateral Fifth extensor Fifth finger Radial nerve
digitorum epicondyle of the |tendon extensor
minimi humerus
Extensor carpi | Lateral Dorsal part of the Wrist: dorsal | Radial nerve
ulnaris epicondyle of base of the fifth flexion,
humerus, metacarpal ulnar
superficial abduction
forearm fascia
Abductor Middle part of the | Base of the first Abduction of | Radial nerve
pollicis longus | ulna, radius and metacarpal the thumb
interosseous
membrane
Extensor Ulna, Base of the Thumb Radial nerve
pollicis brevis interosseous proximal phalanx extensor and
membrane and of the thumb abductor
dorsal part of the
radius
Extensor Middle part of the | Base of the distal Thumb Radial nerve
pollicis longus | ulna and phalanx of the extensor and
interosseous thumb abductor
membrane
Extensor indicis | Distal part of the | Second extensor Second finger | Radial nerve
ulna tendon extensor
Table 2.2 Intrinsic hand muscles
Muscle Origin Insertion Function Innervation
Palmaris Flexor Skin of the hypothenar Keeping skin | Superficial
brevis retinaculum and stretched out, | branch of the
from the palmar improving ulnar nerve
aponeurosis grip
Abductor Transverse carpal | Lateral side of the base of | Abduction of | Recurrent
pollicis ligament/tubercle | the proximal phalanx of the thumb branch of the
brevis of the scaphoid the thumb and the capsule | and assists in | median nerve
and tubercle of of the opposition
the trapezium metacarpophalangeal joint | and extension
of the thumb
Opponens Transverse carpal | Radial side of the first Opposition Median nerve
pollicis ligament and metacarpal bone of the thumb
trapezium and flexion
of the thumb
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Table 2.2 (continued)

Muscle Origin Insertion Function Innervation
Flexor Flexor Proximal phalanx of the Flexion of Superficial
pollicis retinaculum, thumb the thumb head of the
brevis trapezium muscle:
recurrent
branch of the
median nerve
Deep head of
the muscle:
deep branch of
the ulnar nerve
Adductor Anterior part of Medial part of the Adductor of | Deep branch
pollicis the third proximal phalanx of the thumb of the ulnar
metacarpal bone | thumb and the ulnar nerve
(transverse head sesamoid
of the muscle)
Bases of the
second and the
third metacarpal
bones, trapezoid
and capitate
(oblique head of
the muscle)
Abductor Flexor Base of the proximal Abduction of | Deep branch
digiti retinaculum, phalanx of the fifth finger | fifth finger of the ulnar
minimi pisiform and nerve
pisohamate
ligament
Flexor Hamate The base of the proximal | Flexor of the | Deep branch
digiti phalanx of the fifth finger | fifth finger of the ulnar
minimi nerve
Opponens Flexor Medial part of the fifth Opposition Deep branch
digiti retinaculum and | metacarpal bone of fifth of the ulnar
minimi hook of the finger, fifth nerve
hamate finger rotator
Lumbricals | Deep flexor Extensor expansion Flexion of Third and
digitorum tendon MCP joints fourth: deep
and extension | branch of
of PIP joints | the ulnar nerve
First and
second:
median nerve
Volar Side part of Bases of proximal Adduction, Deep branch
interossei second, fourth phalanges of the second, flexion and of the ulnar
and fifth fourth and fifth fingers extension of | nerve
metacarpal shaft | and extensor expansions fingers
Dorsal Side part of the Proximal phalanges of the | Abduction of | Deep branch
interossei second to fifth second to fourth fingers fingers of the ulnar
metacarpal shaft | and extensor expansions nerve
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Cross-Sectional Anatomy

In order to better understand the topography of the anatomical structures, the hand
can be examined from the three standard anatomical planes: coronal (Fig. 2.5),
transverse (Figs. 2.10 through 2.18) and sagittal (Figs. 2.19 and 2.20).

Fig.2.10 Transverse section of wrist at the level of radius and ulna. Proximal view, left hand. APL
abductor pollicis longus tendon, BR brachioradialis tendon, ECB extensor carpi radialis brevis
tendon, ECL extensor carpi radialis longus tendon, ECU extensor carpi ulnaris tendon, ED&EI
extensor digitorum and extensor indicis tendons, EDM extensor digiti minimi tendon, EPB exten-
sor pollicis brevis tendon, EPL extensor pollicis longus tendon, FCR flexor carpi radialis tendon,
FCU flexor carpi ulnaris muscle and tendon, FDS&FDP flexor digitorum superficialis tendons and
flexor digitorum profundus tendons, FPL flexor pollicis longus tendon, LT Lister’s tubercle, MN
median nerve, PB palmaris brevis tendon, PL palmaris longus tendon, PQ pronator quadratus, R
radius, RA radial artery, U ulna, UA ulnar artery, UN ulnar nerve
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Fig. 2.11 Transverse section across the proximal carpal bones. Proximal view, left hand. APL
abductor pollicis longus tendon, CV cephalic vein, ECB extensor carpi radialis brevis tendon, ECL
extensor carpi radialis longus tendon, ECU extensor carpi ulnaris tendon, ED extensor digitorum
tendons, EDM extensor digiti minimi tendon, E/ extensor indicis tendon, EPB extensor pollicis
brevis tendon, EPL extensor pollicis longus tendon, FCR flexor carpi radialis tendon, FDP flexor
digitorum profundus tendons, FDS flexor digitorum superficialis tendons, FPL flexor pollicis lon-
gus tendon, Lu lunate, MN median nerve, Pi pisiform, RA radial artery, S scaphoid, 7a trapezium,
Tr triquetrum, UA ulnar artery, UN ulnar nerve

Fig. 2.12 Transverse section across the distal carpal bones. Proximal view, left hand. ADM
abductor digiti minimi muscle, APB abductor pollicis brevis muscle, APL abductor pollicis longus
tendon, C capitate, CV cephalic vein, ECB extensor carpi radialis brevis tendon, ECL extensor
carpi radialis longus tendon, ECU extensor carpi ulnaris tendon, ED extensor digitorum tendons,
EDM extensor digiti minimi tendon, EI extensor indicis tendon, EPB extensor pollicis brevis ten-
don, EPL extensor pollicis longus tendon, FCR flexor carpi radialis tendon, FDP flexor digitorum
profundus tendons, FDS flexor digitorum superficialis tendons, FPL flexor pollicis longus tendon,
H hamate, MN median nerve, RA radial artery, Ta trapezium, 7o trapezoid, UA ulnar artery, UN
ulnar nerve
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Fig. 2.13 Transverse section across the metacarpal bases. Proximal view, left hand. ADM abduc-
tor digiti minimi muscle, APB abductor pollicis brevis muscle, APL abductor pollicis longus ten-
don, C capitate, CV cephalic vein, ECB extensor carpi radialis brevis tendon, ECL extensor carpi
radialis longus tendon, ED extensor digitorum tendons, EDM extensor digiti minimi tendon, E/
extensor indicis tendon, EPB extensor pollicis brevis tendon, EPL extensor pollicis longus tendon,
FDM flexor digiti minimi muscle, FR flexor retinaculum, H hamate, /-V first to fifth metacarpals,
ODM opponens digiti minimi muscle, PB palmaris brevis muscle, PL palmaris longus tendon, RA
radial artery, 7a trapezium, 7o trapezoid

Fig.2.14 Transverse section across the metacarpal bones. Proximal view, left hand. ADM abduc-
tor digiti minimi muscle, ADP adductor pollicis muscle, APB abductor pollicis brevis muscle, DI
dorsal interosseous muscle, ED extensor digitorum tendons, EDM extensor digiti minimi tendon,
EI extensor indicis tendon, EPB extensor pollicis brevis tendon, EPL extensor pollicis longus
tendon, FDM flexor digiti minimi muscle, FDS flexor digitorum superficialis muscle, FPB flexor
pollicis brevis muscle, FPL flexor pollicis longus muscle, /-V first to fifth metacarpals, ODM
opponens digiti minimi muscle, OP opponens pollicis muscle
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Fig. 2.15 Transverse section proximal to the metacarpal heads. Proximal view, left hand. ADM
abductor digiti minimi muscle, ADP adductor pollicis muscle, APB abductor pollicis brevis mus-
cle, CPA common palmar digital arteries, DA dorsal aponeurosis, DMA dorsal metacarpal artery,
EI extensor indicis tendon, FDM flexor digiti minimi muscle, FPB flexor pollicis brevis muscle,
FPL flexor pollicis longus muscle, FTS fibrous tendon sheath, I-V first to fifth metacarpals, PMA
palmar metacarpal arteries, PPA proper palmar digital arteries, RS radial sesamoid of pollex, US
ulnar sesamoid of the thumb

Fig.2.16 Transverse
section of the second finger
(index) across the
metacarpal head. CPA
common palmar digital
artery, DI dorsal
interosseous tendon, ED
extensor digitorum tendon,
EI extensor indicis tendon,
11 second metacarpal bone
(head), L lumbrical, P
palmar interosseous
tendon, S/ sesamoid bone
of index
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Fig. 2.17 Transverse section across the proximal phalanges at the level of crossing of the flexor
digitorum tendons. (a and b) Same section; different structures indicated. AL annular ligament, DA
dorsal aponeurosis, DI dorsal interosseous tendons, FDP flexor digitorum profundus tendons, FDS
flexor digitorum superficialis tendons, MO monticuli, P proximal phalanges, P/ palmar interosse-
ous tendons, PPA proper palmar digital arteries

Fig.2.18 Transverse
section across the distal
phalanx of the middle
finger. AL annular
ligament, D distal phalanx,
DA dorsal aponeurosis,
FDP flexor digitorum
profundus tendon, PPA
proper palmar digital artery

Fig. 2.19 Sagittal section across the second digital ray. ADP adductor pollicis muscle, APB abduc-
tor pollicis brevis muscle, D distal phalanx, DA dorsal aponeurosis, ECL extensor carpi radialis
longus tendon, ED extensor digitorum tendon, FDP flexor digitorum profundus tendon, FDS flexor
digitorum superficialis tendon, F'PB flexor pollicis brevis muscle, FPL flexor pollicis longus tendon,
DI dorsal interosseous muscle, // second metacarpal, L lumbrical, M middle phalanx, OP opponens
pollicis muscle, P proximal phalanx, PQ pronator quadratus, R radius, S scaphoid, 7a trapezium



2 Gross Anatomy of the Human Hand 33

Fig. 2.20 Sagittal section across the third digital ray. ADP adductor pollicis brevis muscle, APB
abductor pollicis brevis muscle, C capitate, D distal phalanx, DA dorsal aponeurosis, ECB extensor
carpi radialis brevis tendon, ED extensor digitorum tendon, EPL extensor pollicis longus tendon,
ER extensor retinaculum, FDP flexor digitorum profundus tendon, FDS flexor digitorum superfi-
cialis tendon, FPB flexor pollicis brevis muscle, FR flexor retinaculum, /// third metacarpal, L
lumbrical, L lunate, M middle phalanx, OP opponens pollicis muscle, P proximal phalanx, P/
palmar interosseous muscle, PQ pronator quadratus, R radius, arrowhead crossing of the flexor
digitorum tendons (chiasma)

Regional and Subregional Anatomy

Compartments, Canals, Channels, Cavities, Capsules
and Connections

The “six Cs”, namely, compartments, canals, channels, cavities, capsules and con-
nections, are very important structures for rheumatologists. Commonly affected by
pathological changes and lesions, they are essential landmarks for orientation for
any imaging method and are key sites for anatomical variants.

Compartments

Compartments have two, different meanings in medicine, namely, fascial compart-
ments and pharmacokinetic compartments. Examples of pharmacokinetic compart-
ments include blood plasma, interstitial fluid, fatty tissue, intracellular fluid and
transcellular fluid. Intraarticular joint fluid is a good example for what we call a
transcellular fluid compartment.

Fascial compartments are anatomical structures surrounded by fascicules (con-
nective tissue septa, intermuscular septa) that contain muscles, their blood supply
and nerves. Bones can serve as the basis of a compartment, but they are not part of
the compartment.

The hand is divided into five major fascial compartments: from radial to ulnar on
the palmar side thenar, mesothenar (or central compartment) and hypothenar and on
the dorsal side the interosseous compartments and the adductor compartment
between the thenar and interosseous compartments (Table 2.3).
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Fig. 2.21 Compartments of the hand. Muscles of thenar and hypothenar. Structures of mesothe-
nar are covered by the palmar aponeurosis. ADM abductor digiti minimi muscle, ADP adductor
pollicis muscle, APB abductor pollicis brevis muscle, APL abductor pollicis longus tendon, DI
dorsal interosseous muscle, FDM flexor digiti minimi muscle, FPB flexor pollicis brevis muscle,
FPL flexor pollicis longus tendon, GC Guyon’s canal, L lumbricals, ODM opponens digiti minimi
muscle, PA palmar aponeurosis, Pi pisiform, black arrows deep transverse metacarpal ligament

Table 2.3 Muscle contents of the fascial compartments
1. Thenar compartment: abductor pollicis brevis, flexor pollicis brevis and opponens pollicis
muscles
2. Mesothenar (or central) compartment: lumbrical muscles and three palmar interossei (all
unipennate)
3. Hypothenar compartment: abductor digiti minimi, opponens digiti minimi and flexor digiti
minimi brevis muscles over the fascia of the palmaris brevis muscle (Fig. 2.21)
4. Interosseous compartment: four dorsal interossei (all of them bipennate)
5. Adductor compartment: adductor pollicis (caput obliquum and transversum)

Anatomical Snuffbox

Anatomical snuffbox (foveola radialis/fossa tabatiere) is not a compartment but a very
important subregion of the hand. The radial border of the anatomical snuffbox is formed
by the tendon sheath of the extensor pollicis brevis and the abductor pollicis longus
muscles, while on its ulnar side, we find the extensor pollicis longus muscle. This causes
the appearance of a radial and an ulnar cord-like eminence of the skin which is visible
especially when the thumb is abducted and extended. Between these cords, we find a pit
known as the snuffbox (where people put tobacco for snuffing). The radial artery runs
through the floor of the snuffbox, then passes under the tendon of extensor pollicis lon-
gus and perforates the first dorsal interosseous muscle (Figs 2.7 and 2.22).
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Fig. 2.22 Anatomical snuff box. ADP adductor pollicis muscle, APL abductor pollicis longus ten-
don, DA dorsal aponeurosis, DI dorsal interosseous muscle, ECB extensor carpi radialis brevis ten-
don, ECL extensor carpi radialis longus tendon, EPB extensor pollicis brevis tendon, EPL extensor
pollicis longus tendon, ER extensor retinaculum, RFo anatomical snuff box (radial foveola)

Canals

The two most important canals of the hand are the carpal tunnel (canalis carpi) and
Guyon’s tunnel (canalis ulnaris). They are also called osteofibrous canals, which
highlights the fact that the bottom and the sides are often paved by fibrocartilage and
bony tissue easing the gliding of the sheathed flexor tendons in the canals.

Carpal Tunnel

This canal is situated on the palmar side of the wrist. Because it narrows from proximal
to distal, its spatial shape resembles that of a truncated gullet. The bottom of the tunnel
is formed by the carpal bones. The medial and lateral sides of the tunnel rest on four
pillars: we find the pisiform on the medial side proximally and distally the hook of the
hamate and laterally the tubercles of the scaphoid (proximally) and the trapezium (dis-
tally). The palmar side of the tunnel is covered by the slightly convex transverse carpal
ligament, which is attached medially to the scaphoid and laterally to the pisiform.
Outside of the tunnel, most laterally we find the tendon of the flexor carpi radialis mus-
cle in its sheath lying in the bony sulcus of the scaphoid and the trapezium. Within the
tunnel, in the most lateral position, we can identify the tendon of the flexor pollicis lon-
gus muscle which possesses its own tendon sheath. The median nerve is situated just
directly under the retinaculum over the second and third superficial flexor tendons.
Usually the median nerve is ellipsoid, but in some cases, it may be more rounded or
triangular. There is one more common tendon sheath in the tunnel, that of the superficial
and the deep common flexors of the fingers. The superficial tendons run superficial in
the tunnel and form two rows. In the first row, we find the third and fourth tendons, while
the second and the fifth tendons constitute the second row. At the entry of the carpal tun-
nel, the deep tendons envelop their respective superficial tendons (forming a U). Finally,
as we exit the tunnel, the superficial and the deep tendons rearrange themselves, forming
two rows, respectively, located in close proximity to the appropriate digits (Fig. 2.23).
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Fig.2.23 Guyon’s canal and carpal tunnel. Superficial and deep flexor digitorum tendons are cut.
ADP adductor pollicis muscle, DUN deep branch of ulnar nerve, FR flexor retinaculum, MN
median nerve, P/ palmar interosseous muscle, SUN superficial branch of ulnar nerve, UA ulnar
artery, arrowheads carpal tunnel, doubled arrowheads Guyon’s canal

Guyon'’s Tunnel
The triangular Guyon canal is situated medially and more superficially than the carpal
tunnel. A small ligament runs between the pisiform and the hamate (pisohamate liga-
ment) bridging over the ulnar nerve. The medial border of the tunnel is the pisiform,
the roof is the transverse carpal ligament, and the lateral border is formed by the hook
of the hamate. The ulnar artery is positioned lateral to the ulnar nerve (Fig. 2.23).
The sensory and motor branches are usually divided into three zones. Zone 1 is
situated before the ulnar nerve bifurcation (holding mixed motor and sensory
branches), Zone 2 includes the deep motor branch, and Zone 3 includes the superfi-
cial sensory branch of the ulnar nerve.

Channels

Channels contain tendons with tendon sheaths or paratenon or tendons which are
simply covered with loose connective tissue. The terms channels and compartments
are used interchangeably.

Extensor Tendon Channels of the Wrist

The extensor tendons of the hand can be found under the extensor retinaculum on
the dorsal surface of the wrist. The extensor retinaculum attaches medially to the
distal part of the ulna and the medial carpal bones and laterally to distal part of the
radius and the lateral carpal bones. The foundation of the channels is formed by the
dorsal surface of the distal part of the radius and the ulna and the dorsal surface of
the carpal bones. The six extensor channels are separated by septae, which originate
from the extensor retinaculum. Starting radially, the first channel contains the ten-
dons of the abductor pollicis longus and extensor pollicis brevis muscles sharing a
single tendon sheath. In the second channel, we find the tendons of the extensor
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Fig. 2.24 Extensor tendon channels. ADM abductor digiti minimi muscle, ECB extensor carpi
radialis brevis tendon, ECL extensor carpi radialis longus tendon, ECU extensor carpi ulnaris ten-
don, ED extensor digitorum tendons, EDM extensor digiti minimi tendon, EI extensor indicis
tendon, EPB extensor pollicis brevis tendon, EPL extensor pollicis longus tendon, /I second meta-
carpal, RFo anatomical snuff box (radial foveola)

carpi radialis longus and brevis muscles, situated in their common tendon sheath,
while in the third channel, the tendon of the extensor pollicis longus muscle can be
found in its own sheath. In the fourth channel, the tendons of extensor digitorum and
of the indicis muscles run in a common tendon sheath. In the fifth channel, the ten-
don of the extensor digiti minimi muscle and in the sixth the tendon of the extensor
carpi ulnaris muscle are situated in their respective tendon sheaths (Fig. 2.24). It
helps to count the different tendons by starting medially (or radially) from the first
channel or by remembering that Lister’s tubercle separates the second from the third
channel. Also, a simple mnemonic (longus, brevis, longus, brevis) starting from
radial until the fourth channel may help in memorizing the muscles.

Finger Flexor Channels

The common tendon sheaths for the deep and superficial flexor tendons of the sec-
ond, third, and fourth fingers run in separate channels beginning from the middle of
the palm (Figs. 2.11, 2.12, and 2.13). Proximally of the carpal tunnel, the flexor
tendon sheath of the thumb and of the fifth finger is usually continuous with the
forearm. At the level of the proximal phalanx, the superficial flexor tendons split
into two parts, and between them the deep flexor tendon emerges to become super-
ficial (chiasma tendinum). The superficial flexor tendons insert onto the shaft of the
middle phalanx and the deep flexor tendons attach to the distal phalanx.

On the outside the sheaths are fibrous, while on the inside they are similar to the
synovial membrane of joints and also produce synovial fluid, partly ensuring smooth
movement of the tendons and partly contributing to the nutrition of the tendons via
the mesotenon (Fig. 2.25). The two parts of the tendon sheath may also be called
the visceral (close to the tendon) and parietal (far from the tendon separated from
the visceral layer by a layer of synovial fluid) part. Unlike the joint cavity or the
hyaline cartilage found on bone endings, tendons also get their blood supply from
the longitudinal artery on the dorsal surface of the tendon, which segmentally gives



38 G.Baksaetal.

Fig.2.25 Crossing and
insertion of flexor
digitorum tendons. FDP
flexor digitorum profundus
tendon, FDS flexor
digitorum superficialis
tendon, FTS fibrous tendon
sheath, VT vinculum

branches to the tendon. Arising from the tendon sheath some small arteries also sup-
ply the tendon itself.

Connections

It is clear that on a microstructural level, all structures are connected to adjacent
structures. Here we use the term connection to implicate soft-tissue structures
whose main function is to connect (or surround) structures. Ligaments which con-
nect bones were covered previously in the chapter.

Extensor Retinaculum

The main function of the extensor retinaculum is to keep the extensor tendons in
place during the movement of the wrist and tendons and to ease the gliding of the
tendons during extension. The extensor retinaculum attaches to the lateral margin of
the radius and to the triquetrum and pisiform.

Connexus Intertendinei

Between the third and fourth and also between the fourth and fifth extensor digito-
rum tendons, connexus intertendinei can be seen proximally from the MCP joints.
These connexi help harmonize the movement of extensor digitorum tendons and
help to avoid the medial drift or slipping of the extensor tendon over the MCP joints
(Fig. 2.26).

Extensor Hood

The extensor hood, also known as dorsal aponeurosis extends over the dorsal sur-
face from the base of the proximal phalangeal bone until the distal phalangeal bone
and conveys the traction of the tendons of the lumbricals, the interossei and the
extensor digitorum and indicis tendons, thereby facilitating the extension of the PIP
and the DIP joint. The central slip component of the extensor hood acts primarily on
the PIPs, while the lateral bands act primarily on DIPs (Fig. 2.27).

Flexor Retinaculum

The flexor retinaculum forms the roof of the carpal tunnel as well as the floor of
Guyon’s tunnel. Located on the palmar side of the wrist, it attaches to the pisiform
bone and to the hook of the hamate and on the radial side to the tubercle of scaphoid
and to the trapezium. Palmaris longus and brevis are very superficial muscles lying
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Fig.2.26 Dorsal
tendinous structures of the
hand. CI connexus
intertendinei, DA dorsal
aponeurosis, DI dorsal
interossei, ECB extensor
carpi radialis brevis
tendon, ECL extensor carpi
radialis longus tendon, ED
extensor digitorum
tendons, EDM extensor
digiti minimi tendon, E/
extensor indicis tendon,
EPB extensor pollicis
brevis tendon, EPL
extensor pollicis longus
tendon

Fig. 2.27 Extensor hood of middle finger. CI connexus intertendinei, DA dorsal aponeurosis, DI
dorsal interosseous muscles, ED extensor digitorum tendons, / insertion of the extensor hood, LF
lateral fibres, MF medial fibres, asterisks insertion of dorsal interosseous muscle tendons

over this retinaculum. Many hand muscles originate from the flexor retinaculum and
the transverse carpal ligament (Tables 2.1 and 2.2).

Pulleys

The pulley is a cuff-like, fibrous structure embracing the tendon sheath of flexor
tendons. Annular pulleys are fixed to the palmar plates of the metacarpals (A1 pul-
ley) or to the palmar plate of proximal interphalangeal joints (A3 pulley). Between
them we find the A2 pulley located around the tendon over the proximal phalangeal
shaft. The AS pulley is located over the DIP joint, while the A4 is located between
the A3 and the A5 pulleys over the midphalangeal shaft. Over other parts of the
tendon sheath, we find the cross-like structures of the cruciate pulleys (C1-3) which
are located between the annular pulleys (Fig. 2.28). When the finger is flexed, the



40 G.Baksaetal.

Fig.2.28 Pulleys of the third finger. AP annular pulley, CP cruciate pulley, D distal phalanx, FDP
flexor digitorum profundus tendon, FDS flexor digitorum superficialis tendon

rigid annular pulleys move closer to each other, while the softer parts of the fibrous
sheath bunch up as we can see when flexing the finger. Annular pulleys prevent the
bowstringing of the flexor tendons while cruciate pulleys prevent the sheath from
collapsing and expanding during the movement of the fingers. The thumb also has
an oblique pulley between the A1 and A2 annular pulleys. The flexor tendon sheaths
contain both the deep and superficial flexor tendon.

Cavities and Capsules

Wrist (Distal Radioulnar, Radiocarpal, Ulnocarpal and Midcarpal

Joint)

The wrist is a relatively loose, mobile, instable joint, with a system of strong stabi-
lizing ligaments. The joint cavities of the wrist are surrounded by the joint capsule,
that is strengthened by ligaments. The wrist consists of four different joints: the
distal radioulnar joint, the radiocarpal joint, the ulnocarpal joint — with the articular
disc located between the ulnar styloid and the lunate and triquetrum — and the mid-
carpal joint. These joint frequently communicate with each other and furthermore
may communicate with the pisiform-triquetral cavity, the common carpometacarpal
cavity, the first carpometacarpal cavity and with the intermetacarpal cavities as well.
In the distal radioulnar joint the main synovial recess is the sacciform recess. The
ulnocarpal joint has a recess known as the prestyloid recess which sometimes com-
municates with the pisotriquetral joint and its recess. The radiocarpal joint has a
palmar and a more relaxed dorsal joint recess and may communicate with the space
of Poirier, a central weak area of the wrist in the floor of the carpal tunnel. Between
the proximal and distal row of carpal bones, there lies the well-defined but nearly
fully immobile intercarpal joint, which communicates with the carpometacarpal
joints. Strong interosseal, palmar and dorsal ligaments are strengthening the carpus.
The carpometacarpal joints are also nearly immobile joints. There are strong liga-
ments between the carpal bones and the bases of the metacarpals both on the palmar
and dorsal side. The midcarpal joint has one dorsal recess over the capitate. Certain
terms are used specifically within the clinical context, for example, the triscaphe
joint which is a shared joint between the scaphoid, trapezium and trapezoid bones
in the wrist. This joint is also known as the scaphotrapeziotrapezoid (STT) joint.
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Fig.2.29 Sagittal section
of second
metacarpophalangeal joint.
1I second metacarpal head,
P proximal phalanx, R
joint recesses, SI sesamoid
bone of index finger

The first carpometacarpal joint is a very mobile saddle joint between the trapezium
and the base of the first metacarpal bone. The capsule of this joint is ample; there are
no strengthening ligaments which results in a relatively free range of movement
required for gripping.

The second to fifth metacarpophalangeal joints are limited in their range of
motion. The spherical head of the metacarpal bones is flattened on both sides. The
joint capsules are ample, especially dorsally. Dorsal proximal, palmar proximal and
phalangeal base recesses are the most important joint cavity enlargements
(Fig. 2.29). The extensor tendon is fixed to the palmar plate by ligaments preventing
the dislocation of the tendon. The palmar plate is a fibrocartilaginous plate for fixa-
tion of the flexor tendon sheath. Each plate is connected to the neighbouring plates
by strong ligaments. This causes, for example, the passive flexion of the fourth digit
upon active flexion of the third digit. The MCP joint can be slightly hyperextended,
abducted and adducted; adjacent fingers can also be crossed. In the flexed position,
both abduction and adduction are impossible due to the tightening of the collateral
ligament. The interphalangeal joints are ginglymus joints allowing only flexion and
extension. The collateral ligaments of the interphalangeal joints are also very tight.
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If we irradiate the human body with X-rays and place an X-ray detector behind it,
we acquire a shadow image corresponding to the location of different tissues,
which make up the body and absorb X-rays to different degrees. The bone absorbs
X-ray at a considerably higher degree as compared to cartilage or surrounding soft
tissue because of its higher calcium content; thus, it appears as radiodense or
radiopaque compared to its more radiolucent surroundings [1]. The two types of
bone tissue compact or cortical bone and trabecular or cancellous bone are also
characterized by different absorption properties, which is favorable for producing
contrast images [2].
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Bone on Conventional Radiography

Cortical bone appears as a homogenous, intensive band, which in long bones is
thicker at the diaphysis and thinner at the metaphysis. Only a thin band of thick corti-
cal bone covers the epiphysis. Cancellous or spongy bone is composed of the highly
structured three-dimensional network of bone trabeculae. The bone is covered by a
radiolucent periosteum, which, similarly to ligaments, capsule, and hyaline cartilage
is not depicted on X-ray. As this also includes hyaline cartilage coating the epiphysis,
the radiographic joint space always appears wider than its anatomical counterpart.
Under physiological conditions, the production of new bone and the resorption of old
bone occur simultaneously in a series of complex metabolic interactions. In the first four
decades of life, bone formation dominates, with bone resorption becoming dominant
thereafter leading to an overall decrease in bone mass. This process affects cancellous
bone to a greater degree, since its total area is much larger than that of cortical bone.
Change in bone mass is a relatively slow process, with radiographic changes occurring
only later in the disease — with the exception of traumatic abnormalities. The shape, size,
and contour of bones as well as joint space width, along with pathological changes such
as diffuse or focal bone loss can be readily assessed on conventional radiography [2].

Normal Variations

One of the most difficult things in radiology is ascertaining a normal finding [3].
There are countless anatomical variations that can have no or minimal pathological
consequences. Differentiating such variations is important because they should not
be mistaken for treating the patient’s complaints. Often the combination of multiple
pathological signs and individual anamnestic data can help establish the accurate
diagnosis. Therefore, our most important task is the recognition of alterations and
their value in the differential diagnostic process. In assessing pathological differ-
ences, it is often necessary to perform comparative radiographs. A standard radio-
graph is generally used to answer the following questions [2]:

e Can we identify an abnormality?

 Is the process acute or chronic?

e If it pertains to joints, is it mono-, oligo-, or polyarticular?

e Are both sides or both limbs affected?

e If both limbs are affected, are the abnormalities symmetrical?

* Are all joints affected or do the abnormalities occur in selected locations?

Radiographic Technique

When performing conventional radiography examination of the hand, several views
may be acquired. During conventional radiography, a two-dimensional summation
image is acquired from a three-dimensional object. This results in radially aligned
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structures appearing superimposed on each other, which may therefore hinder the
appropriate assessment and interpretation of morphological changes. Precise evalu-
ation often requires different views, acquired from two or more directions. Typically,
for long bones, two perpendicular projections are sufficient; however, in case of
more complicated bony structures, it may be necessary to acquire a series of views
from several directions [4].

Commonly Used Views
Posteroanterior (PA) View

The posteroanterior projection is the standard view in diagnostic imaging in rheu-
matology. They can be acquired from a single hand or from both hands to serve as
comparison (Figs. 3.1 and 3.2). Whenever feasible, it is highly recommended to
acquire images of each hand separately to ensure precision, in particular with regard
to follow-up examinations.

Positioning: The patient places both or preferably a single hand on the detector,
palm facing down, with the elbow flexed at 90°. The central beam is vertical; the
X-ray tube is positioned over the examination table. Source to image-receptor dis-
tance (SID) is 100 cm. When projecting a single hand, the beam is centered on the
head of the third metacarpal bone. The use of a grid is not necessary.

Requirements: One or both hands are positioned with no rotation.
Metacarpophalangeal and interphalangeal joints are extended. The distal ends
of the radius and the ulna are positioned with no rotation. The fifth digit is posi-
tioned with no rotation as evidenced by the symmetrical appearance of the con-
cavities of the phalanges. Interphalangeal and metacarpophalangeal joint spaces

Fig. 3.1 Posteroanterior
view of both hands
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Fig. 3.2 Posteroanterior
view of the left hand. C
capitate, D distal phalanx,
DA ring finger, DM middle
finger, DMM little finger,
H hamate, In index finger,
1-V first to fifth
metacarpals, L lunate, M
middle phalanx, P
proximal phalanx, Pi
pisiform, Po thumb, Ra
radius, RSP radial styloid
process, S scaphoid, Ta
trapezium, 7o trapezoid, Tr
triquetrum, Ul ulna, USP
ulnar styloid process

of the second to fifth digit appear open. The concavity of the metacarpal shafts
is equal [5].

Ngrgaard (Ball-Catcher) View

The ball catcher is a posterior oblique projection of both hands (Figs. 3.3 and 3.4).
It is typically utilized together with the PA view in diagnostic imaging in
rheumatology.

Positioning: Both hands are placed similarly as for the PA view, but in this case
in supination, with the hands rotated 45° medial toward the patient. The central
beam is vertical; the X-ray tube is positioned over the examination table. Source to
image-receptor distance (SID) is 100 cm. The beam is centered on the MCP joints.
The use of a grid is not necessary.

Requirements: There should be no superimposing of the midshafts of the meta-
carpals or of the phalangeal bases. The fingers are equal distance apart [5].
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Fig. 3.3 Ngrgaard view,
both hands

Fig. 3.4 Ngrgaard view,
single hand, left. C
capitate, H hamate, L
lunate, Pi pisiform, S
scaphoid, 7r triquetrum, 7a
trapezium, 7o trapezoid,
Ra radius, Ul ulna, USP
ulnar styloid process, RSP
radial styloid process, Po
thumb, /n index finger, DM
middle finger, DA ring
finger, DMM little finger,
1-V first to fifth
metacarpals, P proximal
phalanx, M middle
phalanx, D distal phalanx
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Lateral View

This projection is typically acquired as a supplement to the PA view, to allow a more
precise evaluation of the superimposed structures (Fig. 3.5). It is commonly used in
traumatology but rarely in rheumatology.

Positioning: The entire upper extremity is positioned to be in plane with the film.
The elbow is flexed at 90°. The hand is externally rotated by 90° and placed on its
lateral edge; the second to fourth digits are closed lying on top of each other. The
long axis of the hand and the lower arm are aligned to the long axis of the cassette.
The thumb lies parallel to the detector. The direction of the beam is vertical; the
X-ray tube is positioned over the examination table. The focus distance is 100 cm.
The tube is aimed on the central area of the detector at the level of the MCP joints.
The use of a grid is not necessary.

Requirements: The metacarpals and carpal bones as well as the distal ends of the
radius and the ulna are superimposed [5].

Fig. 3.5 Lateral view of
the hand. C capitate, H
hamate, /-V first to fifth
metacarpals, L lunate, Pi
pisiform, Ra radius, S
scaphoid, 7a trapezium, Tr
triquetrum, U/ ulna, USP
ulnar styloid process
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Oblique Posteroanterior View

This view, also known as the zither-player projection, is also used as an additional
view to the posteroanterior projection. The carpal and metacarpal bones, the pha-
lanxes, and the distal radioulnar joint can be visualized from another direction but
with less superimposition than the lateral view (Fig. 3.6).

Positioning: The patient puts his hand to the detector in a rotated position
(45°). The lateral side of the fifht finger’s lateral side should be in contact with
the detector, with the fingers directed towards the detector. The fingers should
be spread to avoid superimposing. The central beam is vertical; the X-ray tube
is positioned over the examination table. SID is 100 cm. The beam is centered
on the fifth MCP joint. The use of a grid is not necessary.

Requirements: There should be no superimposing of the midshafts of the third to
fifth metacarpals or of the second to third metacarpal heads. The third to fifth meta-
carpal heads are slightly overlapped [5].

Fig. 3.6 Oblique
posteroanterior view. C
capitate, D distal phalanx,
DA ring finger, DM middle
finger, DMM little finger,
H hamate, In index finger,
IV first to fifth
metacarpals, L lunate, M
middle phalanx, P
proximal phalanx, Pi
pisiform, Po thumb, Ra
radius, RSP radial styloid
process, S scaphoid, Ta
trapezium, 7o trapezoid, Tr
triquetrum, Ul ulna, USP
ulnar styloid process
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Carpal Tunnel View

On this view, the bony wall and shape of the tunnel can be evaluated, along with its
relation to other structures and any morphological differences. It is a rarely used
projection, with only a few indications.

Positioning: The cassette is placed level with the edge of the tabletop. The palm
of the hand is pressed against the cassette, with the wrist joint dorsiflexed to approx-
imately 135°. The fingers are curled around under the table to assist in immobiliza-
tion. The vertical central ray is centered between the pisiform and the hook of the
hamate medially and the tubercle of the scaphoid and the ridge of the trapezium
laterally.

Requirements: The carpal bones must form an arc or tunnel. The pisiform is
positioned with no or only minimal superimposing. The hook of the hamate, the
scaphoid tuberosity, and the trapezium should form a palmar surface. The trapezium,
capitate, and triquetrum should be well recognizable (Fig. 3.7) [5].

Two-View Series of the Wrist or Finger

In diagnostic imaging in rheumatology, the two-view series of the wrist is rarely
used; the bones forming the wrist are commonly evaluated on hand views. Finger
series are also rarely used for similar reasons. Targeted views of the fingers or wrist
are acquired similar to the hand views, with the positioning modified to focus on the
given region (Fig. 3.8).

Radiography in Rheumatic Diseases

Figures 3.9-3.14 demonstrate characteristic radiographic findings in common rheu-
matic diseases.

Fig. 3.7 Carpal tunnel
view. C capitate, H hamate,
1-V first to fifth
metacarpals, P proximal
phalanx, Pi pisiform, RS
radial sesamoid of the
thumb, § scaphoid, 7a
trapezium, 7r triquetrum,
US ulnar sesamoid of the
thumb
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Fig. 3.8 Two-view series
of the 1. digit. II second
metacarpal bone, D distal
phalanx, M middle
phalanx, P proximal
phalanx

Fig. 3.9 Early rheumatoid
arthritis. Erosion on the
base of the left third
middle phalanx as well as
the head of the right
second to fourth proximal
phalanges
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Fig. 3.10 Psoriatic arthritis. Erosion of the head of
the ulna, the scaphoid, and the hamate; pencil-in-
cup deformity involving the distal interphalangeal
joint of the third digit; joint space narrowing of the
proximal interphalangeal joint of the third digit;
subluxation of the distal interphalangeal joints of
the second, fourth, and fifth digits; periosteal new
bone formation evident in the fourth proximal
interphalangeal joint

Fig.3.11 Hand osteoarthritis. Bouchard and Heberden nodes of the proximal and distal interpha-
langeal joints, respectively, evident on the first to fifth digits bilaterally
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Fig.3.12 Osteoarthritis of the first carpometacarpal joint

Fig. 3.13 Chronic gout. Punched-out erosions of the
third distal interphalangeal joint
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Fig. 3.14 Chondrocalcinosis in calcium pyrophosphate deposition disease. Crystal deposits evi-
dent in both triangular fibrocartilage complexes as well as in the second to third right metacarpo-
phalangeal joints bilaterally

Advantages and Disadvantages of Conventional Radiography
as Compared to Sonography

As opposed to ultrasound, which allows the sonographer to assess the contours of
bones which are more or less parallel to the transducer, conventional radiography
allows the evaluation of the entire skeletal system, including cortical bone, joint
surfaces, as well the internal structure of bones. The marked difference in acoustic
impedance between bone and soft tissue leads to the almost complete reflection of
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Fig. 3.15 Imaging of ultrasound and conventional radiography: comparing the anatomy. I-V first
to fifth digit, DIP distal interphalangeal joint, M CP metacarpophalangeal joint, /P interphalangeal
joint, PIP proximal interphalangeal joint, Ra radial, Ul ulnar

the ultrasound wave from the soft tissue-bone border, preventing the evaluation of
the inner structure of bone. Furthermore, while providing a very detailed image of a
limited area, the application of ultrasound as a tool for an overall evaluation remains
limited [6].

The most important disadvantage of conventional radiography is exposure to radi-
ation. While this radiation is relatively low for extremity imaging, care must
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nevertheless taken to follow the ALARA (As Low As Reasonably Achievable) prin-
ciple and perform X-ray examinations only when indicated [7]. The number of views
should be restricted to the minimum required to form the appropriate diagnosis.

Additional disadvantages include the limited assessment and differentiation of
depicted soft tissue structures. Soft tissue abnormalities can be evaluated solely as
increases in the width of the respective structures. The targeted view of soft tissues
is used solely for the localization of metallic foreign bodies. This is in stark contrast
with the high diagnostic performance of ultrasound with regard to depicting abnor-
malities of superficial soft tissue structures, including tendons, ligaments, vessels,
nerves, entheses, and muscles [6].

Comparison of Radiographic and Ultrasound Anatomy
of the Hands

Comparative imaging enables the supplementation of ultrasound images with previ-
ously acquired CT, MRI, or PET/CT datasets. Similar to other already existing
fusion techniques [8], such methods combine the “best of both worlds,” i.e., detailed
radiographic information on bone structure and margins with ultrasound’s extraor-
dinary capacity to image soft tissue changes (Figs. 3.15-3.29) [6, 9, 10].

Fig.3.16 Fifth DIP joint.
M middle phalanx, D distal
phalanx
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Fig.3.17 Second DIP
joint. M middle phalanx,
D distal phalanx

Fig. 3.18 Fifth PIP
joint. P proximal phalanx,
M middle phalanx
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Fig.3.19 Second PIP
joint. P proximal phalanx,
M middle phalanx

Fig. 3.20 Fifth MCP
joint. V Fifth metacarpal
bone, P proximal phalanx
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Fig.3.21 Second MCP
joint. /I Second metacarpal
bone, SI sesamoid bone of
index finger, P proximal
phalanx

Fig.3.22 Ulnar styloid
process. Ul ulna, USP
ulnar styloid process, Pi
pisiform, 7r triquetrum
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Fig. 3.23 Radial styloid
process. RSP radial
styloid process, L lunate,
Ta trapezium, / first
metacarpal bone

Fig. 3.24 First MCP joint.
1 First metacarpal bone, US
ulnar sesamoid of the

thumb, P proximal phalanx
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Fig.3.25 First IP joint. P
proximal phalanx, D distal
phalanx

Fig. 3.26 Palmar side of the metacarpophalangeal, interphalangeal joints, and flexor tendons. 11
second metacarpal bone, P proximal phalanx, M middle phalanx, D distal phalanx, FDP flexor
digitorum profundus tendon, FDS flexor digitorum superficialis tendon
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Fig. 3.27 Palmar and dorsal panoramic
ultrasound compared to X-ray of the index
finger. P proximal phalanx, M middle
phalanx, D distal phalanx

Fig. 3.28 Ultrasound and
X-ray anatomy of the
carpal tunnel. C capitate,
Pi pisiform, S scaphoid,
Tr triquetrum, Ta
trapezium, FR flexor
retinaculum, FDS flexor
digitorum superficialis
tendon, M median nerve,
AU ulnar artery

J. Gyebnar et al.
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Fig. 3.29 Ultrasound and
X-ray anatomy of the
sesamoid bone of the index
finger. /I second
metacarpal bone, P
proximal phalanx, S/
sesamoid bone of index
finger
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Imaging Anatomy: Magnetic Resonance
Imaging, Computed Tomography,
Positron Emission Tomography

and Other Novel Imaging Techniques

Franz Kainberger, Lena Hirtler, Hannes Platzgummer,
Florian Huber, Janina Patsch, and Claudia Weidekamm

Imaging anatomy is strongly related to the workflow of reporting for planning the
investigation and for the pattern analysis in image interpretation. In recent studies it
was demonstrated that a clear, and in most cases, anatomically structured report
yields more and better results than narrative reporting [1]. Recent trends are the
indication-driven imaging workflow, the standardization of investigation techniques
for the quantitative assessment of biomarkers and multimedia reports. For transmit-
ting the often complex diagnostic information in arthritis, attempts have been made
to display the anatomical distribution, the type and the severity of lesions graphi-
cally [2].

To what extent pathological lesions like synovial inflammation and erosions may be
differentiated from normal anatomical structures or from changes seen in degenerative
disease on magnetic resonance imaging (MRI) is still under discussion. By using the
Rheumatoid Arthritis MRI Scoring System (RAMRIS), a high validity and clinical
usefulness has been reported [3]. On the other hand, which anatomical structures or
findings have to be assessed as normal or abnormal remains an open question. Indicators
of synovial inflammation in the form of synovial thickening or enhancement after con-
trast media administration were reported in 21-69% [4—7]. For erosions or erosion-like
anatomical variants, a rate between 2 and 47% has been reported in normal individuals
[5, 8-11].
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Imaging Anatomy Embedded in the Diagnostic Workflow

The indication-driven workflow is a concept that aims to reduce the radiation expo-
sure in patients by limiting the anatomical extent of the abnormalities to the minimal
requirements [12]. Based on specified referrals, anatomical “regions of investiga-
tion” have been defined to smoothen the workflow and to yield optimal results. With
MRI of the hand in arthritis, the documentation of both hands should be performed
(Fig. 4.1) [13]. Regions of investigation are the hand as a whole, the wrist (some-
times with the metacarpus) and dedicated imaging of the thumb or groups of fingers.
In case of suspected rheumatoid arthritis (RA), a field of view from the distal forearm
to the proximal interphalangeal (PIP) joints has shown to be sufficient, as involve-
ment of the distal interphalangeal (DIP) joints is only rarely observed. With regard to
computed tomography (CT), depending on the indication, one or both whole hands
are investigated.

With MRI, the slice orientation follows the three major anatomical planes.
Anatomical landmarks for the assessment of the image quality of the wrist are the
delineation of the hyaline cartilage and the triangular fibrocartilage complex (TFCC)
to assess the quality of the spatial resolution [14]. In the metacarpophalangeal and
interphalangeal joints, the delineation of the metacarpal heads and the phalangeal
endings can be used to assess the spatial resolution with respect to the slice thick-
ness. With CT, the trabecular structure of the bones is a useful anatomical
landmark.

For the radiology report, there is a general consensus that the description should
be structured anatomically. The order of listing the anatomical items generally var-
ies between “inside out”, i.e. starting with the bones and ending with the subcutane-
ous soft tissues, or “outside in”. Variations on how to organize an anatomy-based
checklist are based-in addition to anatomical origin and spread of disease-on the
investigator’s personal experience, the clinical relevance of findings and recently, on

Fig. 4.1 Magnetic resonance imaging (a) of both hands of a patient with rheumatoid arthritis in a
supine position. (b—d) Despite off-centre position of the hands and potential distortion of the magnetic
field BO, the image quality, here with a 1.0 T, is sufficient for clinical purpose, (¢) right-sided periulnar
inflammation due to tenosynovitis of the extensor carpi ulnaris tendon and effusion in the second
metacarpophalangeal joint (arrows), (d) erosion in the second metacarpophalangeal joint (arrow)
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the rules of efficient diagnostic reasoning. Summarizing these aspects leads to an
image analysis checklist which starts with alignment in order to get an overview of
the arrangement of soft tissues, tendons, ligaments and bones. In case of arthritis, it
makes sense to begin first with malalignment, since several studies have described
a dependency of the distribution of erosions on anatomical and biomechanical fac-
tors with characteristic locations along the force-bearing axis of the wrist and in the
metacarpophalangeal (MCP) joints adjacent to the radial collateral ligaments [10,
11]. This approach to analyzing radiographs is also known as the target area
approach [15]. It may be applied in a similar way for the analysis of cross-sectional
imaging with a focus on both macro- and microanatomical distribution of
inflammation.

Investigation: Interactions of X-Rays, Gamma-Rays
and Magnetic Fields with Anatomical Structures

High-resolution and dedicated post-processing techniques offer new insight into the
patterns of arthritis and the potential to perform “virtual biopsies” [16]. In CT and
projection radiography, X-rays are absorbed in human tissue in a process known as
attenuation. Practically relevant parameters include radiodensity, expressed in
Hounsfield units in CT as well as the thickness of the tissue. Cartilage, uric acid,
fluids and fatty tissue have characteristic Hounsfield values. With dual-source CT
and a dedicated post-processing software, the amount of monosodium urate (MSU)
and of bone marrow oedema lesions (BMEL) can be estimated. A precise anatomi-
cal allocation of MSU deposits within or adjacent to collagen fibrils is possible.
Certain anatomical structures, however, may show similar color encoding after
post-processing, because the calculated values are not unique for a given tissue. In
such a way, skin and nails with high keratin concentration, inadequate signal-to-
noise ratio or metallic artefacts may appear with the same encoding. BMEL can be
located and quantified with a “virtual noncalcium technique” by subtracting cal-
cium from cancellous bone [17].

High-resolution peripheral quantitative computed tomography (HRpqCT) is a
technique for the analysis of the bone architecture at the distal radius, the wrist and
the distal tibia. With these systems, a 1 cm thick stack of parallel CT slices is
obtained at the distal radius, the wrist or the tibia. With automated threshold seg-
mentation, total, trabecular and cortical bone can be separated and quantified in
vivo, enabling the non-invasive analysis of osseous anatomy. With a spatial resolu-
tion of 50-82 pm, bone erosions and other forms of osseous involvement of arthri-
tis can be displayed. In contrast to two-dimensional methods like dual energy
X-ray absorptiometry (DXA), it allows the assessment of cross-sectional bone
geometry and of volumetric bone mineral density (vVBMD). The vBMD can be dif-
ferentiated into total and trabecular bone mineral density (expressed in mg
hydroxyapatite (HA)/cm?) and correlated with cortical thickness and other param-
eters of bone geometry [18, 19]. Typical microarchitecture parameters include cor-
tical thickness (CTh, um), trabecular number (TbN, mm™!), thickness and
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separation (TbTh, um, TbSp, um) and the distribution of trabecular separation
(TbSpSD, um). These parameters reflect the heterogeneity of the trabecular net-
work [20]. For the detection of erosions, HRpqCT offers new insights in the sub-
chondral, subenthesial and subtendinous lamellae, and normal anatomical
representations of these structures have to be defined [21].

In MRI, the interaction of magnetic fields with human tissue mainly depends on
the chemical binding of the water protons. The normal anatomy of the cortical bone
is dark, because the water protons are strongly fixed in covalent bindings and only
very low signal can be measured. If the binding is loose, like in fat, the signal will
be bright on all sequences except on those generated with a fat-suppression tech-
nique. With 3 and 7 T, the spatial resolution can be significantly improved. For
dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) and MR per-
fusion imaging, post-processing might be useful to quantify the flow rate of contrast
media, thus calculating the severity of local inflammation in the synovium [22].
However, the precision of positioning of the regions of interest is low, and standard-
ization remains difficult.

With hybrid and molecular imaging techniques in the form of positron emission
tomography (PET)/CT, PET/MR and dedicated preclinical units, the normal and
abnormal glucose metabolism and other forms of tracer accumulation may be
exactly located [23]. PET depicts biological targets and can be used for the detec-
tion of inflammation at molecular and cellular levels. Multiple PET tracers have
been investigated for their utility in imaging RA by using markers of cell prolifera-
tion; by targeting macrophages, B-cells or endothelial cells; and by using bone
markers [24]. Macrophage-targeting PET tracers, such as 11C-(R)-PK11195
(1-(2-chlorophenyl)-N-methyl-N-(1-methylpropyl)-3-isoquinoline carboxamide),
have been used for visualizing macrophage activity especially in clinically quies-
cent phases of RA [25]. Certain normal anatomical structures or benign lesions
may be associated with an increased tracer uptake, thus simulating malignant dis-
eases. With respect to the hand, such diagnostic pitfalls may occur in histiocytic,
giant cell-containing or other benign bone lesions, especially in non-ossifying
fibroma (or cortical desmoids), fibrous dysplasia or fibroxanthomas, granuloma-
tous inflammation (including sarcoidosis) and many other forms of inflammation
with increased macrophage and leukocyte activity [26].

Image Interpretation: Current Concepts in Imaging Anatomy

Over the years, anatomical concepts were developed to understand why synovitis
and joint destruction develop in certain anatomical areas and progress by follow-
ing predefined pathways. Traditional terms like bare areas, surface roughness,
cysts, crypts or others have been used to describe these patterns. The dimensions
of many of these definitions are often diffuse, so there is a need for a precise ana-
tomical nomenclature with regard to CT and MRI as well as biomechanical and
immunologic concepts. With a focus on inflammation, image interpretation should
be performed by analysing general alignment, pattern of swelling, i.e. of synovitis
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and enthesitis, cartilage loss (with joint space narrowing on projection radio-
graphs), and changes in the subarticular bones. Especially for older patients with
a higher prevalence of degenerative joint disease and clinically suspect arthralgia,
anatomical terms and patterns should be used in a way that enables the differentia-
tion of normal structures from true malalignment, synovitis, changes in joint
space width and erosions.

Alignment: Kinetic Chains of Anatomical Compartments
and Complexes

Malalignment due to subluxation in the wrist and the finger joints is a hallmark in
the development of arthritis and may be observed not only in the advanced but
also in the early stages of RA and other rheumatic diseases. The typical anatomi-
cal sites of any form of a destructive process may be regarded as the weak links in
a “kinetic chain”. This concept is used to understand joint compartments or ana-
tomical complexes, especially tendons and ligaments, as links in a chain with the
weaker parts being prone to destruction and impairment of the grip function [27].
Anatomical structures with a higher risk of being destroyed by inflammation,
degeneration or trauma are called “critical zones” [28]. The “hot spots” of inflam-
mation in RA are in the ulnocarpal compartment of the wrist, around the lunate
bone and in the MCP joints, which all contribute to the development of ulnar drift
with subsequent flattening of the transverse arch of the hand. In calcium pyro-
phosphate deposition disease (CPPD), the “hot spots” are the scapholunate space,
the scapho-trapezio-trapezoid (triscaphe) compartment and the radial-sided MCP
joints. Osteoarthritis (OA) primarily affects the first carpometacarpal joint (or
compartment) with adjacent tendons as well as the interphalangeal joints.

The systematic approach to wrist malalignment has been newly defined by the
Mayo classification system of carpal instability, a biomechanical approach which
has now replaced earlier systems [29, 30]. The key anatomical concept of this clas-
sification is based on three principles: Firstly, there are two stable rows of carpal
bones bound together by strong intercalated ligaments: proximally, the scaphoid,
lunate and triquetral bones, stabilized by the intrinsic scapholunate ligament (SL)
and the ulnotriquetral ligaments, and distally the distal carpal bones. A ligament
rupture causes a dissociation of these two chain-like arrangements (carpal instabil-
ity dissociative, CID). Scapholunate instability, as it occurs in CPPD, is a form of
CID. Secondly, the radiocarpal and midcarpal compartments are the places where
the normal motion of the wrist takes place with a different type of instability (carpal
instability non-dissociative, CIND). Ulnar subluxation (ulnar drift) of the lunate,
which occurs in RA, CPPD or other severe forms of synovitis, after trauma or with
Madelung’s deformity, may be regarded as a subform (CIND-trans). Thirdly, com-
binations in the form of a complex carpal instability or an adaptation of an underly-
ing disease may occur as is the case in advanced forms of wrist arthritis (carpal
instability complex and adaptive carpus).
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The important kinetic chains causing instability in arthritis consist of synovial
spaces and complexes, i.e. intimately interrelated ligaments, tendons and bones.
Many anatomical variants have been described, and a different nomenclature is used
for these structures that can be directly visualized with high-resolution MRI and
US, especially if surrounded by effusion or inflammatory pannus [31]. For the diag-
nosis of arthritis, the following chains are of clinical relevance:

e In the ulnocarpal compartment (distal radioulnar joint), the ulnar recess of the
radiocarpal compartment, the extensor carpi ulnaris tendon and the triangular
fibrocartilage complex (TFCC)

e In the radiocarpal compartment, the dorsal radiocarpal “V”-ligament complex
and the SL ligament complex

e In the midcarpal compartment, the distal components of the dorsal and palmar
“V”-ligament complexes

 In the radial-sided part of the carpal tunnel, a new anatomical entity, the so-called
scapho-trapezio-tunnel complex (STTC) can be delineated in close vicinity to
the first carpometacarpal (CMC) joint and the scapho-trapezio-trapezoid (STT)
or triscaphe joint

e In the metacarpophalangeal and interphalangeal joints, the capsular ligament
complexes

The other carpal compartments which may be typically involved in inflammation
due to overuse or degeneration and generally not in RA or related diseases: the first
to the fifth extensor tendons, the central part of the carpal tunnel, Guyon’s tunnel,
the pisotriquetral compartment, the distal radioulnar joint and the second to fifth
carpometacarpal joints with the amphiarthrotic intermetacarpal articulations.

The Ulnocarpal Wrist Compartment (Distal Radioulnar Joint)

The proximal borders of the ulnocarpal compartment are the ulnar styloid and the
joint capsule. The proximal border is the TFCC. Its ulnar border is formed by the
ulnar collateral ligament and the extensor carpi ulnaris tendon that runs in the sixth
and most ulnarly located extensor tendon sheath through an osteofibrous channel
that is formed by a shallow sulcus of the distal ulna. Inflammation in and around this
tendon sheath causes the characteristic ulnar-sided swelling in arthritis.

The TFCC is fixed on its ulnar side to the extensor carpi ulnaris tendon and to the
ulnar carpal collateral ligament (Fig. 4.2). Further, it is fixed to the ulna and to the adja-
cent bones by the ulnotriquetral, the volar distal radioulnar and other smaller ligaments
[32]. These structures form the TFCC, also referred to as ulnocarpal complex and con-
tain, in its centre loose connective tissue and a synovial fold, the meniscus homologue
[33]. This is a small atavistic remnant of an ulnotriquetral joint that still exists in several
other primates and is specifically prone to inflammation [34]. An inflammation of the
meniscus homologue is typical in RA and may be related to erosions on the ulnar sty-
loid. If an anatomical dissection of the TFCC is performed, it is difficult to separate the
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Fig. 4.2 Magnetic
resonance imaging
showing focal
isolated effusion of
the triangular
fibrocartilage complex
and ulnocarpal
compartment (arrow)
in a patient with
rheumatoid arthritis

intimately connected structures of the TFCC, so it is not surprising that in arthritis the
whole complex may be inflamed with subsequent destruction of the supporting liga-
ments and ulnar subluxation of the lunate. The TFCC plays an important role in stabiliz-
ing the wrist during pronation and supination.

The Radiocarpal and Midcarpal Compartments

Carpal stability is maintained by two complexes, the SL-ligament complex and the
V-shaped palmar and carpal ligament complexes.

The scapholunate ligament complex consists of the SL-ligament, the volar-sided
radioscaphocapitate ligament, the dorsal intercarpal ligament and other smaller sup-
porting structures around it [35]. Therefore, SL instability is a function of both
intrinsic SL-ligament and extrinsic SL-complex insufficiency [36, 37]. Insufficiency
of the SL-ligament leads to an increase in the distance between the scaphoid and the
lunate of more than 3-4 mm caused by an interruption of the biomechanically
important dorsal component of this ligament. Scapholunar diastasis is, however, not
always an indicator of instability. It may result from a stretched SL-ligament or may
be observed in individuals with joint laxity, occurring bilaterally in this latter group
(Fig. 4.3). In calcium pyrophosphate arthropathy, CPPD crystals are typically
deposited in the TFCC, the dorsal and palmar part of which are true ligaments and
its central part is fibrocartilage. CPPD may lead to non-traumatic rupture and in
severe forms to scapholunate advanced collapse (SLAC).

The extrinsic ligaments of these compartments are summarized as two palmar
and one dorsal “V”-ligament. Their proximal branches, especially the dorsal
radio-luno-triquetral ligament, stabilize the lunate against drifting in the ulnar direc-
tion along the articular surface of the radius which has been compared to a slope for
the lunate slipping in an ulnar direction (Fig. 4.4) [38]. (The proximal palmar and
dorsal “V”-ligament branches, together with their neighboring structures, are also
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Fig. 4.3 Computed tomography of both hands in a patient with suspected gout. Bilaterally wide
scapholunate spaces as a normal variant

Fig. 4.4 Magnetic
resonance imaging of a
patient with rheumatoid
arthritis and effusion which
outlines the dorsal
“V7”-ligament: its proximal
branch (arrow) is formed
by the radiolunate and
radio-luno-triquetral
ligaments. The distal
branch (arrowhead)
indicates is the dorsal
intercarpal ligament

known as “slingshot ligaments”, a term which expresses their protective function in
preventing the lunate and scaphoid from slipping.) The distal branch of the dorsal
“V”-ligament is the strong dorsal intercarpal (DIC) ligament (also referred to as
dorsal arcuate carpal ligament or Fick’s arcuate ligament) that covers voluminous
synovial tissue (Fig. 4.4). The pyramid-shaped triquetrum acts as a central anchor
for the “V”-ligaments. Here, two components of the strong “V”-ligaments insert
with formation of normal grooves (pseudoerosions): on its ulnar proximal side the
ulnotriquetral ligament and on its dorsal aspect the DIC ligament. In CPPD with its
high predilection for collagen, crystal deposits may be found in these ligaments.
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A small palmar radio-scapholunate ligament (Testut’s ligament) contains vessels
and nerve endings. Its origin at the distal radius may be an inflammatory focus in
RA with cystic destruction (Mannerfeldt’s crypt) [39].

The Radial-Sided Carpal Tunnel, the Triscaphe and the First
Carpometacarpal Joint

The carpal tunnel consists of two parts (also referred to as radial and ulnar “bursae”),
which are divided incompletely by a fibrous septum. The radial bursa consists of the
STTC and the central portion of the carpal tunnel part, containing the long flexor
tendons and the median nerve. The STCC is a complex osseous and ligamentous
hood for the synovial tendon sheaths of the flexor pollicis longus and the flexor
carpi radialis tendons that cross the waist of the scaphoid on its palmar aspect [40].
It stabilizes the STT joint and the first CMC joint. Laterally, the hood is formed by
the radial collateral carpal ligament and by the scaphoid tubercle (which may proj-
ect at a palmar flexed scaphoid as “ring sign” on radiographs). The fibrous part of
the hood consists of the radioscaphocapitate, the long radiolunate and other inter-
carpal ligaments. More distally, the tendons run over or insert at the trapezium
where they are laterally bordered by the trapezial tuberosity. The radioscaphocapi-
tate ligament is part of the distal palmar V-ligament and of the scapholunate liga-
ment complex, thus acting as a rotatory stabilizer of the scaphoid [41].

The STT joint is additionally stabilized by the intrinsic scapho-trapezo-trapezoid
ligament. The joint and the ligament are a predilection site for OA and CPPD.

The first carpometacarpal joint is stabilized by the STTC and many small capsu-
lar ligaments that provide a wide range of motion for the thumb and protect against
subluxation in OA. Of importance among them are superficial and deep anterior
oblique carpometacarpal ligaments and the dorsoradial carpometacarpal ligament
[32]. With high-resolution MR, these structures may be directly visualized [42]. In
females, the joint surfaces are flattened and less congruent which has been used as
an explanation for the higher prevalence of OA in this population [43].

The Metacarpophalangeal and Interphalangeal Joints

The collateral ligament complexes are the main joint stabilizers of the MCP joints,
in particular the stronger radial ligaments prevent from ulnar drift (Fig. 4.5) [11,
44]. The ligaments may appear inhomogeneous on MR images; this is probably
related to a magic-angle phenomenon due to the different orientation of their three
components (collateral ligament proprium, accessory collateral ligament and pha-
langoglenoid ligament) [45, 46]. The long extensor and flexor tendons share an
intimate relationship with the joint capsule and are prone to subluxation and rupture
in case of a severe ulnar drift. Their insertion as well as its thin and small capsular
components can only be visualized in part with MRI and US, these include the ulnar
and radial-sided sagittal ligaments which insert into the transverse profound
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Fig. 4.5 Magnetic
resonance imaging
showing ulnar drift in a
patient with rheumatoid
arthritis and extensive
bone marrow oedema with
erosions of the distal ulna
and subluxation of the
lunate with more than 50%
of its transverse diameter
hanging over the ulnar
edge of the radius (arrow).
Insufficiency of the
periscaphoid ligaments
(arrowhead) with
subenthesial oedema under
the scapholunate ligament
and radial-sided synovial
folds

metacarpal ligament (parallel and directly proximal to the A1 ligament of the flexor
tendon sheath), the fibrocartilaginous palmar plate with the checkrein ligaments and
the volar-sided interconnections of all these ligaments (Zancolli complex) [46].

At the IP joints, the central slip of the extensor tendon hood plays a central role in
the development of boutonniere deformity with flexion of the PIP and extension of
the DIP. The central slip originates from the extensor hood and inserts on the middle
phalanx. Capsular distension in arthritis leads to a rupture of this slip, so the extensor
digitorum communis tendon loses its function. This results in the palmar migration
of the collateral bands with subsequent loss of resistance against the pull of the lum-
bricals. The swan-neck deformity is a hyperextension of the PIP joint with flexion of
the DIP due to both laxity of the joint capsule and rupture of the flexor tendon.

Synovial Recesses and Entheses

The macroscopic spread of inflammation and subsequent destruction (both typical
and atypical) of joints and bone is commonly described in the context of anatomi-
cal compartment and complexes. The simple anatomical abstraction of a layered
joint capsule composed of a superficial zone of macrophage-like A synoviocytes,
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a deep zone of fibroblast-like B synoviocytes, a subsynovium (subintima) with
loose connective tissue and blood vessels and a fibrous capsule with ligaments
however, is too simplified a model to understand the pathways and distribution of
inflammation. The synovial layers are not bordered by a basal lamina, and there
are continuous overlaps and great regional differences in their thickness and com-
position. The superficial A synoviocytes may be totally absent, the fibroblasts are
distributed in both the deep synovium and the subsynovium, the subsynovium
contains strands of collagen fibres paralleling and intermingling the subjacent
ligaments, and many ligaments are vascularized [47]. In RA and related diseases,
the synovium with the subsynovial perivascular tissue are the anatomical site
where the inflammatory reaction is triggered [48-50]. In psoriatic arthritis and
other spondylarthropathies, the enthesis has been regarded as part of a synovio-
entheseal complex which is characterised by a mixed pattern of inflammation due
to stress dissipation and autoimmune processes [51]. From the entheses of the
capsular ligaments of the joints and of tendons, the inflammation spreads into
neighboring tissue by involving the subenthesial bone, the synovium and the peri-
articular soft tissue. In CPPD and other crystal deposition diseases, the crystal
aggregates are primarily deposited in and around the collagen fibres of ligaments,
tendon fibrocartilage or hyaline cartilage. In OA, the degenerative process starts
in the structures which are under the heaviest biochemical load, such as cartilage
and the fibres of the joint capsule or tendons. The resulting micro-instability leads
to synovitis and degeneration of all joint components, which means that OA is
regarded as a “whole-organ disease” [52].

For explaining the regional distribution of inflammation within the joints with
erosions originating at the margins or at the entheses, two macroanatomical theories
have been developed. The bare area concept emphasizes in areas covered by only
thin hyaline cartilage or areas without such cover the synovium and synovial fluid
are in direct contact with bone [48, 53]. In these transitional zones the synovium
occupies the peripheral few millimetres of cartilage [47]. A second concept high-
lights the fact that in areas with big synovial volume, synovial duplications or folds,
the inflammatory reaction is heavier. The dorsal prolongations of synovium in the
midcarpal compartment or the thick synovial lining with prominent vessels around
Testut’s ligament are typical sites of inflammation in RA.

According to the classification of the above-mentioned kinetic chains within and
around anatomical compartments, the following clinically relevant synovial spaces
can be described [29]:

e In the ulnocarpal compartment, the tendon sheath of the extensor carpi ulnaris
tendon and the small space around the meniscus homologue of the TFCC (Fig. 4.2)

e In the radiocarpal compartment, the ulnar (prestyloid, in wrist arthrography
sometimes called “muddy pouch”) recess around the neck of the ulnar styloid
proximal to the TFCC (Fig. 4.6)

* In the midcarpal compartment, the dorsal space under the DIC ligament with a
high volume of synovial tissue and the space between and around the lunate and
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Fig. 4.6 Magnetic
resonance imaging
depicting a small effusion
in the radiocarpal
compartment between the
articular surface of the
radius and the proximal
carpal row (arrowheads),
extending to the ulnar side
and ending with a
sometimes pouch-like
configuration (arrow)
under the ulnar collateral
ligament

the capitate bones (space of Poirier) with a gap between the branches of the sup-
porting “V” -ligaments that predisposes to perilunate instability

* In the radial-sided part of the carpal tunnel, the tendon sheaths of the flexor carpi
radialis and the flexor pollicis longus tendons (also referred to as “radial bursa”)

* The CMC joint and the STT joint

e The MCP and IP joint space with a proximal recess along the metacarpal head
and neck

The Osteocartilaginous Unit

The hyaline cartilage has a zonal architecture and consists, according to Beninghoff’s
arcade model, of four layers that can be readily identified with MRI [54-56]. Each
zone is specifically prone to certain types of destruction. The superficial layer pro-
tects against shear, tensile and compressive forces as well. This layer is character-
ized by a high content of collagen fibres and it is here where we primarily find
CPPD crystals, MSU aggregates and calcifications occurring in other crystal-
induced or storage diseases. This layer, along with the middle and deep layers also
features a high concentration of chondrocytes. In RA, these cells may produce
matrix-degrading enzymes and induce chondrolysis with formation of empty lacu-
nae [49, 57, 58]. At the border between uncalcified and calcified cartilage, numer-
ous vascular channels exist, providing potential routes for molecular diffusion
between the two compartments within the complex architecture of the chondro-
osseous junction [59, 60]. This seems to be important in the progression of OA and
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RA [48, 59]. The fourth layer, calcified cartilage, continues into the subchondral
plate with its characteristic architecture around vascular sinusoids. Bone marrow
oedema-like lesions with subsequent decalcification, resulting from synovial tissue-
induced osteoclastogenesis and/or bony sclerosis may be observed in this layer [49,
60]. With high-resolution MRI and CT, an anatomical allocation of these processes
within the ostocartilaginous unit is principally possible.

Subarticular and Subtendinous Bone

All anatomical sites with a predilection for arthritis share a common feature, in that
they are not covered by periosteum. The subchondral bone with its peculiar trabecu-
lar structure and underlying vascular sinusoids and with its intimate relationship to
the overlying calcified cartilage zone is a well-established anatomical unit [56]. For
tendons and ligaments, a similar zonal structure has been described and termed the
synovio-entheseal complex [62]. A third example of bone lacking periosteal cover-
age are osteofibrous channels or bone located adjacent to bursae, which are there-
fore in direct contact with fibrous and subsynovial tissue. The superficial aspect of
the growth plate, during childhood and adolescence, may be regarded as a fourth
example. These examples are also summarized under the term “calcified zones” or
“laminae” [63, 64]. They may be of varying thickness and may be, apart from the
periosteum, regarded as another type of bony border. With CT, the calcified zones
can be displayed with spatial resolution in the submillimeter range.

If at such calcified zones a concavity or an interruption of the bony outline is
observed, a differentiation of such a pseudoerosion from true inflammatory ero-
sions in RA and related diseases may be difficult [63]. Pseudoerosions may be a
normal concavity of the bone or may be artefact-related. They have to be differ-
entiated from erosions or cysts in OA and from mucoid degeneration at ligament
insertions, as well as from intraosseous ganglion cysts. Pseudoerosions are
important pitfalls when scoring erosions occurring in arthritis [65]. They may
appear more prominent in case of malalignment with a slight rotation of the
bones due to ligament laxity or arthritic subluxation. In the elderly population
characterized by a higher prevalence of degenerative changes, differentiation
between pseudoerosions and true erosions may be difficult [66]. The scaphoid
may be slightly deviated by postinflammatory scarring or after posttraumatic
deformation, and its waist may be more prominently projected in the form of a
pseudoerosion [65, 67, 68]. Anatomical pseudoerosions can be classified as
grooves (notches or fossae) and jutties, sulci and roughnesses with or without a
nutritional channel (Figs. 4.7 and 4.8).

A groove may be observed at a non-apophyseal direct tendon or ligament attach-
ment, at an apophysis with overhanging edges of the bone or at the indirect attachments
of a tendon or ligament with tangential transition into the periosteum. The latter are
incompletely formed apophyseal structures and present rather as jutties than as real
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Fig. 4.7 Dynamic “film-like” perfusion imaging (which therefore appears blurry on the static
image) showing the ulnar-sided collateral ligament complex of the third digit lying in a character-
istic normal groove appearing as a pseudoerosion on cross-sectional images and the contrast media
accumulating in the synovium of joints and tendon sheaths (bright signal). In the first metacarpo-
phalangeal joint, a relevant synovitis is visible

Fig. 4.8 Coronal CT image with grooves on the radial aspect of the capitate (arrow) and the ulnar
aspect of the distal scaphoid (arrow head) representing characteristic pseudoerosions, the latter
with slightly overhanging edges. Undulating shallow grooves on the radial aspect of the scaphoid
(small arrows) represent insertions of innominate mucosal folds
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grooves. Many such grooves exist in the hand, mainly at ligament insertions. A great
variety of such grooves may be observed, particularly around the capitate and at its
neighboring bones, not only at the strong “V”-ligament insertions but also at small
intrinsic ligaments insertions [69]. On its radial surface, the capitate may have a promi-
nent groove of varying size which forms an asymmetric capitate waist. At the carpo-
metacarpal, the MCP and the finger joints, grooves occur at the bases of the metacarpal
bones or at the phalangeal bases in the form of small round or oval subcapsular notches.
The nonspherical form of metacarpal and metatarsal heads can be explained by the col-
lateral ligament complexes with smoothly outlined shallow metacarpal grooves con-
taining these structures [44]. At the metacarpals, these grooves are bordered by little
tubercles for the proximal attachment of the collateral ligaments [44]. A focal decalcifi-
cation on projection radiographs or CT images with hazy borders should not be assessed
as a pseudoerosion but rather as a “pre-erosion” with increased focal osteoclast
activity.

The roof of a bony sulcus is formed by a ligament, fascia or other fibrous tissue,
thus forming an osteofibrous channel for a tendon within a synovial sheath.
Pseudoerosions due to such a tangentially displayed channel may be typically
observed at the waist of the scaphoid under the flexor pollicis longus and the flexor
carpi radialis tendons.

A surface roughness is an area of bone, not covered by periosteum or cartilage. It
is located adjacent to often innominate ligaments or synovial folds, to tendons or to
nutritional vessels. A differentiation from shallow and in most cases chronic forms of
erosions or from severe cartilage degeneration may be difficult. Some of them may
be specified as crests or ridges that correspond to attachment sites for a redundant
joint capsule. Nutritional channels of bone vessels may open to the surface of a bone
with their orifice appearing hyperintense on T2-weighted MR images [65, 70].

Conclusion

Precise and detailed anatomical concepts and terms are necessary to meet today’s
requirement of diagnosing arthritis in its early, clinically suspected and preclinical
stages. Especially with MRI, a continuous overlap is observed between normal osse-
ous concavities and erosions as well as between synovitis due to overuse, degenera-
tion or clinically suspected arthritis. A combined biomechanical and immunologic
concept in understanding the origins and pathways of inflammation and degenera-
tion might help improve the diagnostic accuracy and precision. This is a still ongoing
process oriented to the increasing clinical demands of rheumatology.
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Key to any sonographic technique is the position of the transducer in relation to the
structure, organ or body part examined. This is achieved by providing first the ana-
tomical, orthogonal plane utilized for the given scan (Table 5.1).

In addition to the anatomical plane describing the position of the transducer in
relation to the axis of the examined structure, directional terms are commonly uti-
lized to provide a more accurate location in relation to the structure itself (Table 5.2).

Furthermore, in particular for the purpose of joints, terms of motion may be pro-
vided when aiming to specify their position (Table 5.3). For the purpose of reporting
the side examined (i.e. right-left, bilateral-unilateral) must also be specified.

When describing the scans performed, the two most commonly used transducer
orientations are the long axis (or longitudinal) and short axis (or transverse) views
(Table 5.4).

When reporting a sonographic finding, the echogenicity of a structure or lesion
is a key property that needs to be addressed (Table 5.5).

Finally, when documenting images both for the purpose of keeping clinical
records, as well as for scientific publication, the image must be oriented correctly.
The orientation of images in this book follows the recommendations of the EULAR
Standardized Procedures for Ultrasound Imaging in Rheumatology [2, 3] (Fig. 5.1).
An exception to this are certain images in Chap. 7 Sonopathology (Articular and
Periarticular) which are oriented inversely (proximal and radial on left). In order
to make orientation clear, each ultrasound image is labelled accordingly.
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Table 5.1 Anatomical planes®

1. Sagittal (or median) and parasagittal (or paramedian)
2. Coronal or frontal
3. Transverse or horizontal or axial

“The anatomical planes sagittal, coronal and transverse will be used in this book to describe the
position of the transducer in relation to the evaluated structure(s) or region

Table 5.2 Directional terms?

1. Superior-inferior or cranial-caudal
2. Anterior-posterior or ventral-dorsal
3. Medial-lateral and intermediate

4. Proximal-distal
5. Superficial-profound/deep

“The directional terms superior-inferior, medial-lateral, ventral-dorsal, proximal-distal, superficial
and deep will be used in this book to describe the position of the transducer in relation to the evalu-
ated structure(s) or region. For the purpose of the hand, the term palmar is commonly utilized to
describe the anterior direction. Similarly, the terms ulnar and radial are used at times to indicate the
medial and lateral aspect, respectively. Anatomical terminology used in this book follows the
guidelines set forth by the Federative Committee on Anatomical Terminology [1]

Table 5.3 Terms of motion

1. Flexion-extension
2. Abduction-adduction
3. Lateral (external) rotation-medial (internal) rotation

4. Supination and pronation

Table 5.4 Transducer orientation/view

1. Longitudinal or long axis view: Parallel to the long axis of the body, extremity or examined
anatomical structure

2. Transverse or short axis view: Perpendicular to the long axis of the body, extremity or
examined anatomical structure

Table 5.5 Terms of echogenicity

1. Anechoic: Area characterized by lack of echoes/interfaces (appearing as black)

2. Echoic: Area characterized by echoes/interfaces (appearing as white)

3. Hyperechoic: Area appearing more echoic as compared to its environment (appearing as
various shades of light grey)

4. Hypoechoic: Area appearing less echoic as compared to its environment (appearing as
various shades of dark grey)
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Fig. 5.1 Image orientation showing labels
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Examination Technique

As with any small, superficial joint, the wrist and the hand joints are best exam-
ined with high-frequency linear array transducers. Frequencies of 10-22 MHz are
preferable [1]. Most commercially available high-resolution ultrasound systems
have built-in presets for small joints and allow the user to manually save the settings
selected for each type of joint as a preset. The wrist and the small joints of the hand
are usually examined with the patient seated at the examination table and the palms
facing up or down depending on the examined region. In certain cases, however, it
may become necessary or easier to examine the hands and wrists with patient is
lying either prone or supine. Care should be taken when handling the transducer to
avoid putting too much pressure on the examined region as this can easily lead to
erroneous findings or to the non-detection of actual pathological phenomena, in
particular small fluid collections. Transducer pressure also has a significant impact
on Doppler signals, either quelling the signal or generating artefacts. The transducer
should be held similarly as one holds a wallet, between the thumb and the four
remaining digits, with the little finger preferably resting on the examined region or
on the examination table, which allows the performer to control the amount of
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pressure introduced to the region (Fig. 6.1a). An appropriate amount of ultrasound
gel should be applied to the scanned joint or area (Fig. 6.1b). This technique also
enables the sonographer to perform very subtle movements with the transducer and
may help eliminate slight unintentional hand motion (either that of the examiner or
of the patient) as seen in systole or in various forms of tremor. The transducer can
be manipulated in a number of ways such as sliding, tilting, rocking, rotating and
compressing to allow more adequate assessment of structures [2].

Depending on the position of the transducer in relation to the axis of the examined
structure, sonographers commonly use the terms long axis (generally, but not always
corresponding to the longitudinal plane) or short axis view (generally, but not always
corresponding to the transverse plane). Scanning in both the longitudinal and trans-
verse planes is also mandatory to adequately identify certain phenomena, e.g. osteo-
phytes, tenosynovitis, etc. [3]. Most sonographers begin the examination of the small
joints of the hand in the sagittal plane which allows the assessment of most small
joints (e.g. metacarpophalangeal (MCP), proximal and distal interphalangeal (PIP
and DIP), radiocarpal, etc.) in the long axis, which in certain cases may be sufficient
for the detection and assessment of pathology (Fig. 6.2a). It is important to note that
unlike many other joints of the body, almost all of the joints of the hand are accessi-
ble to ultrasound (acoustic window); however, because bone is a strong reflector, we
cannot acquire an image showing any given joint in its entirety.

Tendon and nerve pathology, particularly in the wrist as well as several other
important structures such as the scapholunate ligament, may be more readily
detected in the transverse plane (short axis) (Fig. 6.2b), while the coronal plane is
indispensable for the examination of, e.g. the radius and the ulna as well as the col-
lateral ligaments of the second and fifth MCP joints, etc. (Fig. 6.2c). Most sonogra-
phers begin their examination at the dorsal aspect before moving to the radial and
ulnar aspects and finish by examining the palmar (also known as volar) aspect.

Finally, the authors advise the reader to adhere to the EULAR standardized proce-
dures for ultrasound imaging in theumatology [4]. Beyond these guidelines, we advise
sonographers to perform real-time scans of each region in all necessary planes before

Fig. 6.1 (a) Appropriate handling of the ultrasound transducer; (b) Appropriate amount of gel
during the examination
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Fig. 6.2 Scanning of the wrist in various planes. (a) sagittal; (b) transverse; (¢) coronal plane

attempting to detect and diagnose pathology using ultrasound. Dynamic imaging, i.e.
moving the joints, tendons or muscles and acquiring video clips help obtain vital infor-
mation about the function of the examined structure and may also improve the identi-
fication of different interfaces, especially that of nerves and tendons within the image.
It is also important to try to assess, as far as possible, the entire anatomical structure or
pathological lesion of interest and in case of pathology to correctly identify cases where
the extent or type of lesion requires the performance of additional imaging methods,
such as computer tomography or magnetic resonance tomography.

Sonoanatomy of the Wrist and Hand

Based on the specific clinical presentation and pathology, different scanning planes
and patient positions may be utilized to obtain the best possible images required for
the appropriate evaluation of the ultrasound findings. Appropriate positioning of the
joint may aid the evaluation of certain structures. Hyperextension of the MCP joints
may facilitate the visualization of small amounts of fluid in the dorsal aspect.
Forming a fist is useful when attempting to assess the cartilage coating of the meta-
carpal head or that of the phalanges in the PIP joints. These positions may also aid
in detecting small irregularities of the bony cortex in these areas. Care should be
taken, however, as the same position may quell or eliminate Doppler signal [2, 5]
and may also displace small fluid collections. The authors have observed a similar
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phenomenon during abduction or extension of the thumb. A simple dynamic exami-
nation may also aid in delineating adjacent anatomical structures and consequently
pathological lesions, e.g. flexing the distal phalanx helps in distinguishing the
superficial and profound flexor tendons.

Dorsal Aspect of the Wrist

The ultrasound examination of the dorsal wrist commonly begins with a longitudi-
nal scan in the midline of the hand (third ray). In this view, the bony landmarks from
proximal to distal include the distal radial epiphysis, the lunate and the capitate as
well as the base of the third metacarpal bone. The extensor tendons of the fourth
compartment, the extensor retinaculum and the intercarpal joint recesses can also be
visualized clearly (Fig. 6.3). This image is particularly helpful when evaluating joint
fluid and synovial thickening and is particularly useful for distinguishing intercarpal
synovitis from extensor tendon tenosynovitis which may have very similar clinical

Fig. 6.3 Dorsal midline scan of the wrist. (a) Transducer position for the longitudinal scan; (b)
ultrasound image of the longitudinal scan. ¢ capitate, ed extensor digitorum, er extensor retinacu-
lum, [u lunate, m metacarpal bone, r radius, arrowhead intercarpal recess, asterisk radiocarpal
recess, hashtag carpometacarpal joint, Pr proximal, Di distal
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presentation. Shifting the transducer in a sweeping motion from midline in the
radial or ulnar direction allows the assessment of each group of extensor tendons in
the long axis (see compartments below) as well as a view of the carpal bones and
metacarpals. Moving the transducer proximally and to the radial or ulnar side pro-
vides an extensive view of the bony contour of the radius or ulna and of the triangu-
lar fibrocartilage complex on the ulnar side (Figs. 6.4 and 6.5).

The gap between the styloid process of the ulna and the triquetrum contains the
triangular fibrocartilage complex (TFCC), a structure which can be evaluated only
partially by ultrasound by means of coronal images. The TFCC is optimally visual-
ized with the forearm pronated, and the humerus internally rotated at the shoulder
before the body with the hand resting on its edge on the table, i.e. halfway between
pronation and supination. With the transducer positioned in line with the ulna, just
distal to the ulnar styloid, the TFCC appears as a homogeneous, echogenic triangu-
lar structure deep to the extensor carpi ulnaris tendon (Fig. 6.5) [6]. Care should be
taken when judging findings with regard to the TFCC as we can evaluate this struc-
ture only partly by ultrasound.

Fig. 6.4 Dorsal scan of the radiocarpal joint over the scaphoid. (a) Transducer position for the
longitudinal scan; (b) ultrasound image of the longitudinal scan. ecr/ extensor carpi radialis lon-
gus, m metacarpal bone, r radius, sc scaphoid, fra trapezium, Pr proximal, Di distal
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Fig.6.5 Coronal scan of the ulnar styloid and the triangular fibrocartilage complex. (a) Transducer
position for the coronal scan; (b) ultrasound image of the coronal scan. ecu extensor carpi ulnaris
tendon, sp ulnar styloid process, tfcc triangular fibrocartilage complex; #ri triquetrum, Pr proximal,
Di distal

We continue the ultrasound examination of the dorsal wrist with the transverse
scan. While individual extensor tendons may also be recognized and evaluated for
changes in tendon integrity and tendon function on the longitudinal scan, it is the
dorsal transverse scan which enables their proper identification in their respective
compartments. Longitudinal scans of the extensor tendons may help in evaluating
the integrity of tendons and assess their dynamic motion in detail. Dynamic scan-
ning of the tendons may be facilitated by moving the appropriate fingers. Respective
tendons may be identified according to their position and appearance in relation to
the prominent bony landmark on the dorsal radius known as Lister’s tubercle, which
separates the second and third compartments (Fig. 6.6).

Particular care must be taken, when scanning tendons, as they commonly exhibit
artefacts [7]. Anisotropy, an angle-generated artefact which is characteristic of tis-
sues containing multiple parallel linear sound interfaces (e.g. tendons, ligaments),
leads to the preferential reflection of the ultrasound beam in one direction.
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Fig. 6.6 Transverse scan of the wrist depicting Lister’s tubercle. (a) Transducer position; (b)
ultrasound image. ecrb extensor carpi radialis brevis tendon, ed extensor digitorum tendon, ecr/
extensor carpi radialis longus tendon, ep/ extensor pollicis longus tendon, r radius, u ulna, asterisk
Lister’s tubercle, hashtag distal radioulnar joint, Ra radial, Ul ulnar

Anisotropy may also be useful when identifying tendons and can be corrected by
modifying the insonation angle of the ultrasound beam (i.e. by tilting the transducer).
Slice thickness or edge artefacts consist of loss of signal and distal acoustic shadow-
ing at the edge of the tendons that can mimic or obscure fluid or inflammation in the
paratenon. Slice thickness artefacts can be reduced by the use of multiple focal zones.
If a single focal zone is used, it must be set to the depth of the main interest [7].

Extensor Compartments
The first extensor compartment contains the abductor pollicis longus (APL) and

extensor pollicis brevis (EPB) tendons. It is situated lateral to the radial styloid pro-
cess (Fig. 6.7); therefore it is best examined with the ulnar edge of the hand resting on
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Fig.6.7 Transverse and longitudinal scans of the first extensor compartment. (a) Transducer posi-
tion for the transverse scan; (b) ultrasound image of the transverse scan; (¢) transducer position for
the longitudinal scan; (d) ultrasound image of the longitudinal scan. ap/ abductor pollicis longus,
epb extensor pollicis brevis, r radius, rn radial nerve, asterisk cephalic vein, hashtag radial artery,
arrowheads extensor retinaculum, Di distal, Pr proximal, Ra radial, Ul ulnar

the table, i.e. the hand held halfway between pronation and supination. With the trans-
ducer positioned over the lateral aspect of the radial styloid, the APL is the slightly
thicker-appearing tendon in the palmar position, and EPB is the relatively thinner
tendon in the dorsal position. The first compartment travels through and constitutes
the lateral or radial border of a region known as the anatomic snuffbox, whose floor is
formed by the radial styloid, the scaphoid, the trapezium and the metacarpal base of
the thumb [6]. In addition to the second extensor compartment, it also contains the
superficial branch of the radial nerve, running superficial to the compartment, and the
radial artery and accompanying veins running deep to the compartment. The cephalic
vein positioned dorsal to the EPB tendon as well as individual branches of the radial
nerve running ventral to dorsal to the tendons may also be observed in this scanning
position. In general, extensor tendons are known to exhibit different variations with
respect to their attachment and anatomic variation [8]. The APL tendon should be fol-
lowed distally over the scaphoid to assess for possible accessory tendons and slips [9]
as these were shown to be associated with the development of de Quervain’s tenosy-
novitis, a thickening of the tendon sheath of the APL and EPB tendons [10].

With the hand positioned palm down on the examination table, shifting the trans-
ducer medially in the transverse plane allows the visualization of the second
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Fig. 6.8 Transverse and longitudinal scans of the second extensor compartment. (a) Transducer
position for the transverse scan; (b) ultrasound image of the transverse scan; (c¢) transducer posi-
tion for the longitudinal scan; (d) ultrasound image of the longitudinal scan. ecrb extensor carpi
radialis brevis tendon, ecrl extensor carpi radialis longus tendon, epl extensor pollicis longus ten-
don, rad radius, sc scaphoid, tra trapezium, asterisk Lister’s tubercle, Di distal, Pr proximal, Ra
radial, Ul ulnar

compartment, which contains the twin tendons of extensor carpi radialis longus
(ECRL) on the radial side of the compartment and extensor carpi radialis brevis
(ECRB) on the ulnar side of the compartment (Fig. 6.8). Located on the radial side
of Lister’s tubercle, the two tendons, which are of almost identical size, run side by
side over the radial styloid process and are among the most easily recognizable of
the compartments. Sweeping the transducer proximally over the tendons demon-
strates the APL and EPB muscles appearing superficial to them at the level of the
distal forearm to reach the first compartment (Fig. 6.9). The ECRL and ECRB ten-
dons insert onto the base of the second and third metacarpal bone, respectively.
Moving the transducer over and slightly distal to Lister’s tubercle allows us to visu-
alize the scapholunate ligament, which appears as an echogenic fibrillar structure
between the lunate and scaphoid bones (Fig. 6.10). The ligament is depicted under
ultrasound in approximately 80% of individuals with normal anatomy [11]; how-
ever, the absence thereof under ultrasound does not necessarily indicate injury [12].
Moving the transducer slightly to the ulnar side allows the visualization of the dor-
sal lunotriquetral ligament which appears similar (Fig. 6.10). Ulnar deviation of the
wrist may be useful to assess the integrity of this ligament. Shifting the transducer
in the proximal direction allows the assessment of the dorsal radiotriquetral
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Fig. 6.9 Transverse scan of extensor pollicis brevis and abductor pollicis longus tendons crossing
over the second compartment (extensor carpi radialis brevis and longus tendons). (a) Transducer
position for the transverse scan; (b) ultrasound image of the transverse scan. ap abductor pollicis
muscle, ap-t abductor pollicis tendon, ecrb extensor carpi radialis brevis tendon, ecrl extensor
carpi radialis longus tendon, epb extensor pollicis brevis tendon, hashtag radial artery, Ra radial,
Ul ulnar

ligament which originates from the dorsal side of the distal radius, passes over the
lunate and inserts on the dorsal side of the triquetrum (Fig. 6.11).

Lister’s tubercle separates the second from the third compartment, with the
latter compartment located on the ulnar side of the tubercle and containing the
extensor pollicis longus (EPL) tendon. The EPL tendon curves around the tuber-
cle (Fig. 6.12). A variation of Lister’s tubercle features a groove; in such cases the
EPL tendon may run in this groove instead of curving around the tubercle [13].
The EPL tendon forms the ulnar border of the region known as the anatomical
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Fig. 6.10 Transverse scan of the wrist depicting the scapholunate and lunotriquetral ligaments.
(a) Transducer position for the transverse scan; (b) ultrasound image of the transverse scan. ed
extensor digitorum tendons. /u lunate, sc scaphoid, tri triquetrum, asterisk scapholunate ligament,
hashtag lunotriquetral ligament, Ra radial, U/ ulnar

snuffbox and crosses the ECRL and ECRB tendons of the second compartment
before passing up the thumb to the site of its insertion at the base of the distal
phalanx (Fig. 6.13).

The fourth compartment is located over the distal radius, ulnar to the third com-
partment, and contains the extensor digitorum (ED) and extensor indicis (EI) ten-
dons (Fig. 6.14). Shifting the probe in the short axis proximally and distally over the
compartment facilitates the differentiation of the EI tendon, similarly to the flexion/
extension of the index finger. Finger flexion/extension may also aid the differentia-
tion of the individual tendons of the fourth compartment. The extensor retinaculum
is thickest over the fourth compartment [6]. High-resolution sonography can reli-
ably identify the distal posterior interosseous nerve; a small (1-3 mm) hypoechoic
structure which can be located on the floor of this compartment as confirmed also
by dissection in a recent study on cadavers [14].
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Fig.6.11 Transverse scan of the wrist depicting the dorsal radiotriquetral ligament. (a) Transducer
position for the transverse scan; (b) ultrasound image of the transverse scan. ed extensor digitorum
tendons, [u lunate, sc scaphoid, #r triquetrum, asterisk scapholunate ligament, hashtag dorsal radi-
otriquetral ligament, Ra radial, U/ ulnar

The fifth compartment is dorsal to the distal radioulnar joint and contains the
extensor digiti minimi (EDM) tendon (Fig. 6.15). Dynamic scanning in the short
axis is also useful to identify this small tendon which attaches to the base of the
proximal phalanx of the fifth digit.

The sixth and final compartment is located between the ulnar head and the styloid
process of the ulna and contains the thick extensor carpi ulnaris (ECU) tendon
(Fig. 6.16). The ECU tendon travels within a groove formed by the ulna and the sty-
loid process of the ulna and is displaced during normal wrist or forearm movement;
awareness of its movements is crucial to diagnose its dislocation or instability [15].
Tenosynovitis of the ECU tendon and erosions on the ulnar styloid are frequent find-
ings in theumatoid arthritis and often constitute a very early sign of disease [16].
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Fig. 6.12 Transverse and longitudinal scans of the third extensor compartment. (a) Transducer
position for the transverse scan; (b) ultrasound image of the transverse scan; (c¢) transducer posi-
tion for the longitudinal scan; (d) ultrasound image of the longitudinal scan. ed extensor digitorum
tendons, epl extensor pollicis longus tendon, /u lunate, r radius, Di distal, Pr proximal, Ra radial,

Ul ulnar
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ecrl epl

Fig. 6.13 Transverse scans of extensor pollicis longus tendon crossing over the second compart-
ment (extensor carpi radialis brevis and longus tendons). ecrb extensor carpi radialis brevis tendon,
ecrl extensor carpi radialis longus tendon, ep/ extensor pollicis longus tendon, sc scaphoid, arrow-
heads extensor retinaculum, Ra radial, Ul ulnar
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Fig. 6.14 Transverse and longitudinal scans of the fourth extensor compartment. (a) Transducer
position for the transverse scan; (b) ultrasound image of the transverse scan; (¢) transducer posi-
tion for the longitudinal scan; (d) ultrasound image of the longitudinal scan. cap capitate, ed exten-
sor digitorum tendons, edm extensor digiti minimi, epl extensor pollicis longus tendon, /u lunate,
pin posterior interosseous nerve, r radius, Di distal, Pr proximal, Ra radial, Ul ulnar

Fig. 6.15 Transverse and longitudinal scans of the fifth extensor compartment. (a) Transducer
position for the transverse scan; (b) ultrasound image of the transverse scan; (¢) transducer posi-
tion for the longitudinal scan; (d) ultrasound image of the longitudinal scan. ed extensor digitorum
tendons, edm extensor digiti minimi, pin posterior interosseous nerve, fri triquetrum, « ulna, Di
distal, Pr proximal, Ra radial, Ul ulnar
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Fig. 6.16 Transverse and longitudinal scans of the sixth extensor compartment. (a) Transducer
position for the transverse scan; (b) ultrasound image of the transverse scan; (c¢) transducer posi-
tion for the longitudinal scan; (d) ultrasound image of the longitudinal scan. ecu extensor carpi
ulnaris, sp ulnar styloid process, ffcc triangular fibrocartilage complex, #ri triquetrum, ug ulnar
groove, arrowheads extensor retinaculum, Pr proximal, Di distal, Ra radial, Ul ulnar

Palmar Aspect of the Wrist

The wrist is placed with the palm facing upward on the examination table. Pertaining
to synovitis of the wrist, the longitudinal scan of the palmar wrist is somewhat less
informative than the corresponding scan acquired from the dorsal aspect. It is how-
ever very helpful when evaluating flexor tendons or median nerve pathology. The
bony landmarks from proximal to distal include the radius, proximal and distal car-
pal row and the metacarpal bones. The transverse scan of the palmar wrist provides
an overview of the important structures of the flexor aspect of the wrist. The flexor
retinaculum, also known as the transverse carpal ligament of the wrist, is a strong
fibrous band, analogous with its extensor counterpart in function, which houses the
structures of the carpal tunnel: the flexor tendons and the median nerve (Fig. 6.17).

The Carpal Tunnel

The flexor retinaculum is one of the key structures defining the carpal tunnel, which
attaches medially to the pisiform bone and the hook of the hamate, splitting laterally
into a superficial and a deep lamina. The thick tendon of flexor carpi radialis (FCR),
housed in its synovial sheath, travels between the two laminae, separated from the
tendons within the carpal tunnel. At the proximal inlet of the carpal tunnel, the FCR
tendon lies ulnar to the radial artery, which is usually accompanied by one or more
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veins (Fig. 6.17). Within the carpal tunnel, the flexor pollicis longus (FPL) tendon
is located on the radial side followed by the four flexor digitorum superficialis
(FDS) tendons, of which the third and fourth tendon lies superficial to the second
and fifth tendon. Under these two tendons, we find the four flexor digitorum profun-
dus (FDP) tendons running side by side to each other. The median nerve travels
through the carpal tunnel and is commonly observed immediately under the reti-
naculum, deep to the tendon of the palmaris longus, when present, and superficial
and ulnar to the FPL tendon (Fig. 6.18). On transverse scan, the nerve may appear
elliptic, round or triangular in shape and appears to flatten progressively as it runs
through the tunnel. As all peripheral nerves, the median nerve is characterized by

Fig. 6.17 Palmar midline scans of the wrist. (a) Transducer position for the transverse scan; (b)
ultrasound image of the transverse scan; (¢) transducer position for the longitudinal scan; (d) ultra-
sound image of the longitudinal scan. cap capitate, fcr flexor carpi radialis, fpl flexor pollicis lon-
gus, [u lunate, mn median nerve, pi pisiform, r radius, sc scaphoid, « ulnar artery, un ulnar nerve,
arrowheads flexor retinaculum, asterisk flexor digitorum tendons, hashtag radial artery, paragraph
ulnar artery, Pr proximal, Di distal, Ra radial, Ul ulnar

Fig. 6.18 Longitudinal and transverse image showing the different echostructure of the tendons
and nerves. (a) Longitudinal scan; (b) transverse scan. ft flexor tendon, mn median nerve, pl pal-
maris longus tendon, arrowheads flexor retinaculum, Pr proximal, Di distal, Ra radial, Ul ulnar
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discrete hyperechoic bundles on a hypoechoic background delimited by a hyper-
echoic margin, the epineurium, granting its characteristic honeycombed structure. It
can be distinguished from tendons on longitudinal scan by performing a dynamic
examination, during which tendons demonstrate motion (the nerve may also move
passively during motion of the fingers) and more pronounced anisotropy (change in
echogenicity according to the angle of insonation) as compared to the nerve [17]. A
persistent median artery may accompany the median nerve in the forearm and wrist;
this is considered a normal anatomical variant. Patients who have a persistent
median artery often have a bifid proximal median nerve [18], which can be readily
detected by sonography [19] (see also Fig. 7.38 in Chap. 7).

Guyon'’s Canal

In relation to the carpal tunnel, Guyon’s canal is a much narrower, fibrosseous,
oblique tunnel formed by the flexor retinaculum and the pisohamate ligament,
between the pisiform bone and the hook of the hamate tunnel. The ulnar nerve bifur-
cates within the canal into superficial (more ulnar) and deep (more radial) branches.
On transverse scan, the ulnar nerve appears as a rounded, honeycomb structure that
lies medial to the ulnar artery (Fig. 6.19) and can be followed into the forearm.

Fig. 6.19 Transverse and longitudinal scans of the ulnar nerve. (a) Transducer position for the
transverse scan; (b) ultrasound image of the transverse scan; (c) transducer position for the longi-
tudinal scan; (d) ultrasound image of the longitudinal scan. /u lunate, mn median nerve, pi pisi-
form, tr triquetrum, u ulna, un ulnar nerve, asterisk flexor digitorum tendons, hashtag ulnar artery,
Pr proximal, Di distal, Ra radial, Ul ulnar
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The Thenar Eminence

Shifting the transducer distally and turning it in an oblique fashion until it lies per-
pendicular to the thumb resting on the thenar, allows the visualization of the thenar
eminence. This scan provides a very clear transverse image of the FPL tendon,
travelling between the abductor pollicis brevis and opponens pollicis muscles. By
turning the transducer 90°, the tendon can be followed, and its integrity may be
assessed (Fig. 6.20). This tendon is surrounded by a synovial tendon sheath which
extends from the carpal tunnel to the volar aspect of the thumb until the insertion of
the FPL tendon into the base of the distal phalanx.

Fig. 6.20 Transverse and longitudinal scans of the flexor pollicis longus tendon. (a) Transducer
position for the transverse scan; (b) ultrasound image of the transverse scan; (¢) transducer posi-
tion for the longitudinal scan; (d) ultrasound image of the longitudinal scan. abp abductor pollicis
brevis muscle, adp adductor pollicis muscle, do dorsal interosseous muscle, mc metacarpal bone,
op opponens pollicis muscle, tra trapezium, asterisk flexor pollicis tendon, Pr proximal, Di distal,
Ra radial, Ul ulnar
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Carpometacarpal Joint

The carpometacarpal (CMC) joints of the wrist link the distal row of carpal bones
and the proximal bases of the metacarpal bones. Of these joints, the CMC joint of
the thumb, known also as first CMC joint or trapeziometacarpal (TMC) joint, differs
significantly from the other four CMC joints and is the joint, which is routinely
scanned by rheumatologist experts in ultrasound, mainly due to its common involve-
ment in trapeziometacarpal osteoarthritis (Fig. 6.21). This joint can be scanned on
the dorsal, lateral and volar sides, while the ulnar aspect is impossible to be visual-
ized by ultrasound.

Fig. 6.21 Longitudinal scans of the first carpometacarpal (trapeziometacarpal) joint. (a)
Transducer position for the coronal aspect; (b) ultrasound image of the coronal aspect; (¢) trans-
ducer position for the volar aspect; (d) ultrasound image of the volar aspect. ab abductor pollicis,
mc metacarpal bone, op opponens muscle, #r trapezium, Di distal, Pr proximal
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Metacarpophalangeal Joint

The metacarpophalangeal (MCP) joint is a frequently involved joint in patients with
different rheumatic diseases. While the anatomical features of the metacarpal bones
and of the MCP joints differ slightly depending on the digit, they all share the same
basic structure and function [20] (Fig. 6.22). The head of the metacarpal bone is
oblong and slightly elongated in the dorso-palmar axis; although it may be irregular,
the head has a smooth convex intraarticular part, while the extra-articular areas of
the head are rough and contain a medial and lateral tubercle for the attachment of
the collateral ligaments, as well as an elevated ridge surrounding the intraarticular
smooth area. At the margin of the articular surface, multiple small vascular foram-
ina house vessels known as nutritional or feeding vessels (see also Fig. 7.8 in Chap.
7). The dorsal aspect of the MCP joint also contains a triangular soft-tissue structure
known as the triangular or dorsal fat pad which is continuous with the joint capsule.
On longitudinal images the dorsal fat pad appears as a slightly echoic homogeneous
triangular structure located between the metacarpal head and the base of the proxi-
mal phalanx under the extensor tendon. Above the dorsal fat pad, the respective
extensor tendon may be visualized based on its characteristic fibrillar pattern; finger
movement often facilitates detection. This structure has a rich vascular network and
may act among many things, as a spacer, similar in function to the fat pad in the
dorsal aspect of the joint (Fig. 6.23). On the palmar aspect, the MCP joint contains
the volar plate. One difference between the two structures, however, is that unlike
the dorsal fat pad, the volar plate is attached also to the base of the phalanx. This,

Fig. 6.22 Longitudinal and transverse dorsal scans of the metacarpophalangeal joint. (a)
Transducer position for the transverse scan; (b) ultrasound image of the longitudinal scan; (c)
transducer position for the longitudinal scan; (d) ultrasound image of the transverse scan. et exten-
sor tendon, mc metacarpal bone, pp proximal phalanx, st subcutaneous tissue, asterisk dorsal fat
pad, hashtag digital veins, Pr proximal, Di distal, Ra radial, Ul ulnar
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Fig. 6.23 Longitudinal and transverse volar scans of the metacarpophalangeal joint. (a)
Transducer position for the longitudinal scan; (b) ultrasound image of the longitudinal scan; (c)
transducer position for the transverse scan; (d) ultrasound image of the transverse scan. ¢ cartilage,
ft flexor tendons, mc metacarpal bone, pp proximal phalanx, hashtags digital artery, asterisk volar
plate, arrowheads A1 pulley, Pr proximal, Di distal, Ra radial, Ul ulnar

coupled with the fact that it contains fibrocartilage which renders it more rigid than
the fat pad, also limits the expansion of the palmar recess of the MCP joint. Small
amounts of fluid have been observed in normal subjects with varying frequency
within MCP recesses [21, 22]. When these recesses contain no fluid or only small
amounts of fluid, they may not be properly visualized by ultrasound.

Each MCP joint also possesses both radial and ulnar collateral ligaments, which
can be visualized by ultrasound (Figs. 6.24, and 6.25). On the radial aspect of the
second MCP joint, the lateral collateral ligament, lying just on top of (and originat-
ing and inserting on to) the bones, must be distinguished from the tendon of the first
dorsal interosseous inserting into the proximal phalanx. By following these struc-
tures proximally, the tendons and the ligaments can be therefore distinguished from
one another (i.e. tendons become muscles, while the ligaments are attached to
bones).

The cartilage covering the metacarpal head is one of the few areas of the human
body where hyaline cartilage can be appropriately assessed and evaluated by ultra-
sound (Fig. 6.26). Anechoic articular cartilage follows the cortical contours of both
the metacarpal head and the phalangeal base; however, the cartilage covering the
phalangeal head cannot be appropriately assessed, due to the lack of an acoustic
window. The fully flexed position of the MCP joint, the so-called “flick” view,
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Fig. 6.24 Coronal scans of metacarpophalangeal joints. (a) Transducer position for the coronal
scan of the second metacarpophalangeal joint (radial aspect); (b) ultrasound image of the coronal
scan of the second metacarpophalangeal joint (radial aspect); (¢) transducer position for the coro-
nal scan of the fifth metacarpophalangeal joint (ulnar aspect); (d) ultrasound image of the fifth
metacarpophalangeal joint (ulnar aspect). ¢/ collateral ligament, mc metacarpal bone, pp phalanx,
Pr proximal, Di distal

Fig. 6.25 Ulnar collateral ligament of the thumb. (a) Transducer position for the longitudinal
scan; (b) ultrasound image of the longitudinal scan. ¢/ collateral ligament, mc metacarpal bone, pp
proximal phalanx, Pr proximal, Di distal

facilitates the assessment of the cartilage of the metacarpal head [23]. Care should
be taken when evaluating the cartilage interface sign, a hyperechoic line seen on the
outer margin of the cartilage, which should be clearly distinguished from the double
contour sign seen in gout (see also Chap. 7).
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Fig. 6.26 Longitudinal and transverse scans of the cartilage covering of the metacarpal head. (a)
Transducer position for the longitudinal scan; (b) ultrasound image of the longitudinal scan; (c)
transducer position for the transverse scan; (d) ultrasound image of the transverse scan. arrowhead
chondro-synovial interface, Di distal, Pr proximal, U/ ulnar, Ra radial

Palmar Aspect of the Finger

The FDS and FDP tendons should be identified independently as they pass over the
MCP joints into the flexor tendon sheath of the fingers. The FDS tendons split at the
level of the proximal third of the proximal phalanx (Fig. 6.27). The two halves of
the FDS tendon then encircle and reunite under the FDP tendon, attaching to the
proximal half of the middle phalanx. The FDP tendon passes through the divided
FPS tendon, inserting at the base of the distal phalanx. Annular pulleys are a series
of retinacular thickenings along five distinct regions of the flexor synovial sheath
(pulleys A1-A5). The A1l annular pulley can be visualized by ultrasound as a very
thin, hyperechoic band of connective tissue surrounded by a hypo-/anechoic rim
overlying the flexor tendons and the volar plate at the level of the joint (Fig. 6.28).
In transverse view finger movement allows the separation of the two flexor tendons.
The tendons pass in close proximity to the proximal phalanges where they are held
in position by the A2 pulley during finger flexion. The A2 pulley appears similar to
the A1 and is situated above the superficial flexor tendon at the level of the proximal
third of the proximal phalanx [24]. Cruciate pulleys (pulleys C1-C3), a series of
additional fibres which interlink the annular pulleys, generally can not be visualized
by ultrasound [25].
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Fig.6.27 Transverse scan of the flexor superficialis tendon at the level of the proximal third of the
proximal phalanx. (a) Transducer position for the transverse scan; (b) ultrasound image of the
transverse scan. pft profound flexor tendon, pp proximal phalanx, sft superficial flexor tendon,
asterisk volar plate, arrowheads tendon sheath, Ra radial, Ul ulnar

Fig. 6.28 Longitudinal and transverse image of the Al annular pulley. (a) Ultrasound image of
the longitudinal scan; (b) ultrasound image for the transverse scan. ¢ hyaline cartilage, ft flexor
tendons, mc metacarpal bone, pp proximal phalanx, arrowheads A1 pulley, asterisk volar plate, Pr
proximal, Di distal, Ra radial, Ul ulnar

Interphalangeal Joints

Generally speaking, the anatomy of both proximal interphalangeal (PIP) and distal
interphalangeal (DIP) joints mimics closely that of the MCP joints (Figs. 6.29, 6.30,
6.31, 6.32, and 6.33). The capsule, volar plate and dorsal fat pad may all be identi-
fied; they will however appear as much smaller and thinner structures as compared
to the corresponding structures in MCP joints. The extensor tendons in particular
are hard to visualize, when scanning PIP and DIP joints. The A4 pulley at the level
of the midpoint of the middle phalanx in the sagittal plane, as well as the A3 and A5
pulleys (in the region of the PIP and DIP joints, respectively), may also be occasion-
ally identified by sonography [6]. Sonography can also depict the extensor hood, a
triangular, fibrous expansion, which surrounds the ED (or EPL to the thumb) tendon
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Fig. 6.29 Longitudinal and transverse dorsal scans of the proximal interphalangeal joint. (a)
Transducer position for the longitudinal scan; (b) ultrasound image of the longitudinal scan; (c)
transducer position for the transverse scan; (d) ultrasound image of the transverse scan. et extensor
tendon, mc metacarpal bone, pp proximal phalanx, Pr proximal, Di distal, Ra radial, Ul ulnar

Fig. 6.30 Longitudinal and transverse palmar scan of the proximal interphalangeal joint. (a)
Transducer position for the longitudinal scan; (b) ultrasound image of the longitudinal scan; (c) trans-
ducer position for the transverse scan. ¢ hyaline cartilage, f¢ flexor tendon, mp middle phalanx, pp
proximal phalanx, asterisk volar plate, hashtag digital artery, Di distal, Pr proximal, Ra radial, Ul ulnar
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Fig. 6.31 Coronal scans of the proximal interphalangeal joints. (a) Transducer position for the
coronal scan of the second proximal interphalangeal joint (radial aspect); (b) ultrasound image of
the coronal scan of the second proximal interphalangeal joint (radial aspect); (¢) transducer posi-
tion for the coronal scan of the fifth proximal interphalangeal joint (ulnar aspect); (d) ultrasound
image of the fifth proximal interphalangeal joint (ulnar aspect). c/ collateral ligament, mp middle
phalanx, pp phalanx, Pr proximal, Di distal
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Fig. 6.32 Longitudinal and transverse dorsal scan of the distal interphalangeal joint showing the
two lateral slips of the extensor tendon. (a) Transducer position for the longitudinal scan; (b) ultra-
sound image of the longitudinal scan; (¢) transducer position for the transverse scan; (d) ultrasound
image of the transverse scan. dp distal phalanx, et extensor tendon, mp middle phalanx, nb nail
bed, nm nail matrix, Pr proximal, Di distal, Ra radial, Ul ulnar

Fig. 6.33 Longitudinal and transverse palmar scan of the distal interphalangeal joint. (a)
Transducer position for the longitudinal scan; (b) ultrasound image of the longitudinal scan; (c)
transducer position for the transverse scan. dp distal phalanx, f# flexor tendon, mp middle phalanx,
asterisk volar plate, Di distal, Pr proximal, Ra radial, Ul ulnar
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Fig.6.34 Transverse image of the extensor apparatus over the proximal phalanx. cs central slip of
the extensor tendon, /b lateral band of the extensor tendon, pp proximal phalanx, arrowheads
transverse retinacular ligament, hashtags digital veins, Ra radial, Ul ulnar

on the dorsal aspect of the proximal phalanx of each digit, and connects to the dorsal
and collateral aspects of the respective MCP joint (Fig. 6.34) [26].

Muscles, Vasculature and Innervation

The muscles, vasculature and innervation of the hand and digits are rarely the spe-
cific focus of rheumatological examinations but may be evaluated in certain cases.
The dorsal and palmar interossei of the hand originate from the metacarpal bones
and insert on the proximal phalanges and abduct/adduct the digits. They receive
innervation from the deep branch of the ulnar nerve. The four lumbrical, of the hand
are unique in that they originate from tendons (FDP tendons) rather than bones and
insert onto the extensor hood of their respective digits (first lumbrical, first digit;
second and third lumbrical, third digit; fourth lumbrical, fourth digit). These mus-
cles flex MCP joints and extend the interphalangeal joints. They receive innervation
from the deep branch of the ulnar nerve (3. and 4. lumbrical) and the median nerve
(1. and 2. lumbrical). The vasculature of the fingers is provided chiefly by two digi-
tal arteries for each digit and features a complex microvasculature of capillaries and
small veins (Figs. 6.30 and 6.34). The fingers are innervated by the median, ulnar
and radial nerve and their respective branches; a detailed description of the neural
architecture of the digits is beyond the scope of this chapter. Finally, the skin and
nail (plate, matrix and bed) may also be assessed by ultrasound, which may be
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Fig. 6.35 Longitudinal
image of the distal
interphalangeal joint and
the nail plate. (a) grayscale
image; (b) power Doppler
image. dp distal phalanx, et
extensor tendon, mp
middle phalanx, nb nail
bed, nm nail matrix,
asterisk ventral plate,
hashtag dorsal plate, Pr
proximal, Di distal

particularly relevant in patients with psoriatic arthritis (Fig. 6.35). The nail bed is a
region where we can expect to see Doppler signals in normal individuals; therefore
particular attention must be devoted to the assessment of Doppler in this area.
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Synovial Hyperplasia and Fluid

Synovitis represents the most readily identifiable and detectable pathology in the
wrist and the small joints of the hand. Intra-articular fluid appears as an anechoic or
hypoechoic area within the joint capsule and in its early stages may facilitate the
detection of the capsule, which is otherwise not clearly detectable by ultrasound
(US) in the small joints (Fig. 7.1a, b). Intra-articular synovial fluid is not compress-
ible but displaceable except in case of high intra-articular pressure. Synovial hyper-
plasia is poorly compressible and nondisplaceable. Rheumatoid synovial hyperplasia
may appear either hypoechoic or hyperechoic on US. Hypoechogenic and more
exudative forms of synovitis predominantly featuring synovial fluid probably indi-
cate more active grayscale synovitis compared with the more hyperechoic synovial
hyperplasia; however, biopsy studies are needed to confirm this observation.
Synovial hyperplasia may be difficult to distinguish from normal connective tissue
as they both appear quite similar with regard to echogenicity; increased amount of
synovial fluid however may facilitate differentation (Fig. 7.2). Synovial hyperplasia
generally appears somewhat more heterogeneous as compared to normal connective
tissue especially in cases of synovitis due to the deposition of crystals (Figs. 7.3 and
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Fig. 7.1 Dorsal
longitudinal (a) and
transverse (b) scans of a
metacarpophalangeal joint.
Exudative synovitis in
early rheumatoid arthritis.
Joint cavity enlargement
due to an abnormal amount
of synovial fluid (asterisk).
et finger extensor tendon,
mc metacarpal head, pp
proximal phalanx, Di
distal, Pr proximal, Ra
radial, Ul ulnar

Fig. 7.2 Dorsal longitudinal scan of a metacarpophalangeal joint. Synovitis. Joint cavity enlarge-
ment due to both synovial fluid (asterisk) and synovial hyperplasia (arrowhead). ef finger extensor
tendon, mc metacarpal head, pp proximal phalanx, Di distal, Pr proximal

Fig. 7.3 Dorsal longitudinal scan of a metacarpophalangeal joint. Synovitis in gout. Joint enlarge-
ment due to synovial fluid and synovial hyperplasia (asterisk) with hyperechoic structures (arrow-
head) corresponding to urate deposits. ef finger extensor tendon, mc metacarpal head, pp proximal
phalanx, Di distal, Pr proximal
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Fig. 7.4 Dorsal longitudinal scan of a metacarpophalangeal joint. Synovitis in calcium pyrophos-
phate deposition disease (CPPD). Joint enlargement due to synovial fluid and synovial hyperplasia
(asterisk) with hyperechoic structures (arrowhead) corresponding to calcium pyrophosphate
deposits. et finger extensor tendon, mc metacarpal head, pp proximal phalanx, Di distal, Pr
proximal

Fig. 7.5 Dorsal longitudinal scan of a metacarpophalangeal joint. Septic arthritis. Grayscale (a)
and power Doppler (b) images. The arrowheads indicate a purulent collection, surrounded by
power Doppler signal. ef finger extensor tendon, mc metacarpal head, pp proximal phalanx, Di
distal, Pr proximal

7.4) or in case of septic arthritis (Fig. 7.5). Differentiating synovial hyperplasia
from normal anatomical structures is particularly challenging in small joints; how-
ever, a clear understanding of anatomy facilitates assessment (Fig. 7.6a, b). Tendons
and ligaments in particular exhibit a high degree of anisotropy, the artifact of direc-
tional dependence which can be helpful when attempting to differentiate these
structures from their surroundings. Several semi-quantitative scoring systems have
been developed, which rate the individual components as well as the combination
thereof [1]. Scores based on a reduced number of joints have generally demon-
strated similar or even better metric properties than corresponding joint evaluations
featuring a large number of joints [2]. The quantitative measurement of synovitis in
grayscale based on the volume or thickness of synovial tissue is not widely prac-
ticed due to low feasibility. Several studies have advocated scanning only certain
aspects of the small joints of the hand. This has led to proposals limiting the exami-
nation to only certain aspects of such joints (e.g., only the dorsal or the palmar
aspect joints) by claiming that these are either superior for detecting synovitis in
both grayscale and Doppler signal or are more frequently involved [3—6]. Few
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Fig.7.6 Dorsal
longitudinal scan of second
(a) and third (b)
metacarpophalangeal joint
of the dominant hand in a
patient with established
rheumatoid arthritis.
Different patterns of joint
damage. (a) Complete
reabsorption of the hyaline
cartilage and active pannus
attached to the subchondral
bone (arrow). (b) Active
pannus is damaging the
base of the proximal
phalanx and the bare area
of the metacarpal head
(arrowheads). Hyaline
cartilage of the metacarpal
head is still detectable. et
finger extensor tendon, mc
metacarpal head, pp
proximal phalanx, Di
distal, Pr proximal

studies examined the lateral distribution of synovitis within a single joint and have
shown a predilection for radial-sided synovitis in certain metacarpophalangeal
(MCP) and proximal interphalangeal (PIP) joints [4, 5]. Whenever feasible, all
aspects should be evaluated in order to avoid underestimating synovial fluid and/or
hyperplasia.

Intra-articular color or power Doppler (CD/PD) signal is considered to indicate
either the vasodilation of normally existing vessels, angiogenesis, hyperemia, anas-
tomosis, shunt, and increased density of intra-articular vascular network without
angiogenesis or a combination thereof [7, 8]. Doppler signal, either CD or PD, is
commonly utilized to differentiate “active” inflamed synovium from inactive pannus,
fibrous tissue, and joint debris (Fig. 7.7); however, one study demonstrated vessels in
7% of MCP joints of healthy subjects [9]. Questionable objectivity, due to varied
machine settings, artifacts, and the absence of information related to the topographic
distribution of the CD/PD signal, continues to pose important limitations to the eval-
uation of Doppler signal in the small joints of the hand. The increased sensitivity of
the latest-generation high-resolution US equipment allows the visualization of intra-
articular Doppler signal corresponding to the presence of physiological vessels, a
finding not obtainable, with older, less sensitive equipment (Fig. 7.8). Such develop-
ments question the earlier paradigm of intra-articular Doppler signal being by
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Fig. 7.7 Dorsal
longitudinal (a) and
transverse (b) scans of a
metacarpophalangeal joint.
Exudative synovitis in
early rheumatoid arthritis.
Joint cavity enlargement
due to an abnormal amount
of synovial fluid (asterisk)
with surrounding power
Doppler signal. The
arrowheads indicate a
hyperemic feeding vessel.
et finger extensor tendon,
mc metacarpal head, pp
proximal phalanx, Di
distal, Pr proximal, Ra
radial, Ul ulnar

Fig.7.8 Dorsal longitudinal (a) and transverse (b) scans of a metacarpophalangeal joint. Healthy
subject. The arrowheads indicate the power Doppler signal generated by a feeding vessel. ef fin-
ger extensor tendon, pp proximal phalanx, mc metacarpal head, Di distal, Pr proximal, Ra radial,
Ul ulnar

definition pathological. Binary grading and semi-quantitative scoring were also
adapted for evaluating Doppler signal in small joints. Various quantitative approaches
have also been introduced, including pixel counting, calculation of pulsatility and
resistance indices, and microbubble contrast material [10, 11]. While semi-quantita-
tive and quantitative scoring correlate well, the former is naturally limited especially
in cases when the Doppler pixel count is close to the cutoffs between the semi-
quantitative grades [12]. Synovial fluid does not commonly exhibit Doppler signal,
although such signals may indeed be detected occasionally. Erroneous Doppler sig-
nal may be due to the movement of fluid caused by transducer pressure or movement
of the joint, correctly classified as artifactual signals. It can also be due to the fact that
a structure (most often synovial hyperplasia), which exhibits Doppler signal and
which is not visualized in grayscale US in that particular plane shows through, due
to slice thickness or incorrect positioning of the focal zone or gain setting.
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Tenosynovitis and Tendon Damage

Ultrasound is an ideal tool for evaluating or detecting tendon involvement in various
rheumatic conditions, particularly since it allows dynamic examination, which is
key to the accurate diagnosis. The US image of tenosynovitis generally corresponds
to the OMERACT definition, i.e., hypoechoic or anechoic thickened tissue with or
without fluid within the tendon sheath, which is seen in two perpendicular planes
and which may exhibit Doppler signal [13, 14] (Fig. 7.9). Having a clear under-
standing of the anatomical structure of tendons is crucial for the evaluation of teno-
synovitis and for interpreting Doppler signal within the tendon sheath as well as for
the evaluation of tendon involvement. Collagen fibrils are arranged into collagen
fibers, which subsequently form bundles. A fascicle is a larger group of fibers sepa-
rated by loose connective tissue, the endotenon. Fascicles grouped together form the
tendon, surrounded by the epitenon. Tendons lacking a tendon sheath may possess
a paratenon or false tendon sheath, which can be affected by a similar pathological
entity known as paratenonitis [15] (Figs. 7.10 and 7.11).

Due to the neurovascular supply of tendons, Doppler signal accompanying teno-
synovitis will appear in the tendon sheath rather than the actual tendon itself, which
normally has only a very limited blood supply via the mesotendon, the musculoten-
dinous junction, and the osteotendinous junction and vessels from various surround-
ing connective tissue such as the paratenon and vincula. In case of tendinitis or
mechanical intratendon damage, the tendon is characterized by loss of fibrillar pat-
tern, with or without enlargement, loss of continuity involving part of the tendon or
the entire tendon with intervening hypoechoic or anechoic region, as well as Doppler
signals within the tendon, due to neovascularization (Fig. 7.12). In severe cases of
tendon rupture, retraction of ruptured tendon ends may require dynamic maneuver
for demonstrating the lesion. Partial or full tearing of the extensor tendons com-
monly occurs in chronic tendon damage and may be evaluated also by US.

Fig.7.9 Volar longitudinal (a) and transverse (b) scans of the finger flexor tendons at the proximal
interphalangeal joint. Exudative tenosynovitis of the finger flexor tendon in psoriatic arthritis. The
images show a mainly anechoic tendon sheath widening. The arrowhead indicates a small area of
synovial proliferation. ft finger flexor tendons, mp middle phalanx, pp proximal phalanx, Di distal,
Pr proximal, Ra radial, Ul ulnar
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Fig.7.10 Dorsal
longitudinal (a) and
transverse (b) scans of a
metacarpophalangeal joint.
Psoriatic arthritis. The
arrowheads indicate power
Doppler signal surrounding
the finger extensor tendon.
mc metacarpal head, pp
proximal phalanx, Di
distal, Pr proximal, Ul
ulnar, Ra radial

Fig. 7.11 Dorsal longitudinal (a, a") and transverse (b, b’) scans of a metacarpophalangeal joint.
Peritenon inflammation of the extensor tendon (arrowheads) in psoriatic arthritis. The arrows indi-
cate a feeding vessel. e finger extensor tendon, mc metacarpal head, pp proximal phalanx, Di
distal, Pr proximal, Ra radial, Ul ulnar

Global or nodular thickening and hypervascularization of the Al pulley are the
key ultrasonographic findings in the condition known as trigger finger (Fig. 7.13).
Notch formation on the surface of the pulley, tendinosis, or tenosynovitis of the
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Fig. 7.12 Dorsal longitudinal midline scan of the wrist. Tendinitis of the extensor digitorum ten-
don as indicated by decreased echogenicity of the tendon (asterisk) accompanied by intratendinous
power Doppler signal (arrowheads). edt extensor digitorum tendon, ca capitate, [u lunate, ra
radius, Di distal, Pr proximal

Fig. 7.13 Volar longitudinal (a) and transverse (b) scans of a metacarpophalangeal joint.
Tenosynovitis of the flexor tendons (asterisk) accompanied by nodular thickening and hypervascu-
larization of the A1 pulley in trigger finger (arrowhead). ft finger flexor tendons, mc metacarpal
head, pp proximal phalanx, Di distal, Pr proximal, Ra radial, Ul ulnar

finger flexor tendons, diverticular cystic appearance of the synovial sheath in the
absence of tenosynovitis, as well as MCP joint involvement are additional phenom-
ena accompanying this condition [16, 17].

Dactylitis

Dactylitis, referring to “sausage-like” digits, is a peculiar characteristic of seronega-
tive spondyloarthritides and in particular psoriatic arthritis. The definition of dacty-
litis as well as its corresponding US findings remains controversial. In the past, it
was thought that the sausage-like appearance was due to concomitant flexor tenosy-
novitis and arthritis of the MCP, metatarsophalangeal or interphalangeal joints.
Recent US and MRI studies have confirmed however that dactylitis is due to flexor
tenosynovitis and marked adjacent soft tissue swelling (subcutaneous edema) with
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Fig.7.14 Volar longitudinal scan of the finger acquired using the extended view showing tenosy-
novitis of the finger flexor tendons in dactylitis in psoriatic arthritis. dp distal phalanx, f finger
flexor tendons, mc metacarpal head, mp middle phalanx, pp proximal phalanx, Di distal, Pr
proximal

Fig. 7.15 Volar longitudinal (a) and transverse (b) scans of the finger show evident power
Doppler signal in the synovial tissue surrounding the finger flexor tendons in dactylitis in psori-
atic arthritis. f¢ finger flexor tendons, mp middle phalanx, pp proximal phalanx, Di distal, Pr
proximal, Ra radial, Ul ulnar

a variable degree of small joint synovitis, although several studies have indicated
the involvement of extensor tendons as well (Figs. 7.14 and 7.15) [18].

Enthesitis

Ultrasound is used extensively for the evaluation of enthesitis primarily in the con-
text of spondyloarthropathies. Although the hand includes a number of entheseal
regions, these are not generally assessed by US in routine practice. It has been sug-
gested that enthesitis might be the primary lesion in spondyloarthropathies and that
the synovitis evident in various adjacent structures (joint, tendon, or bursa) is only a
secondary phenomenon to the inflamed entheses [18-23]. In dactylitis, enthesitis
could occur at the numerous “functional entheses” that the flexor digitorum tendon
forms with retinacula or pulleys [19]. These “functional entheses” are frequently
associated with the presence of fibrocartilage that reduces compression and shear
strain. The distal interphalangeal (DIP) joint capsule and the distal insertion of the
finger extensor tendon were found to be intimately linked with the nail complex,
with the dorsal, volar, and lateral aspects of the nail bed being ensheathed in fibers
extending from the entheses, suggesting that the nail is an integral part of the
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Fig. 7.16 Dorsal longitudinal scan of a distal interphalangeal joint. Power Doppler signal along
the extensor tendon and at its insertion on the distal phalanx (arrowhead) as a sign of enthesitis in
psoriatic arthritis with nail involvement. mp middle phalanx, dp distal phalanx, er finger extensor
tendon, Di distal, Pr proximal

enthesis organ [22] (Fig. 7.16). Anchorage mechanisms including fibers tether the
nail plate to the underlying periosteum, which itself was found to be closely
anchored to the extensor tendon [23]. Psoriatic nail involvement appears as a mini-
mal loss of the hyperechoic definition of the ventral plate in the early stages, thick-
ening and fusion of both nail plates, loss of the intermediate anechoic layer,
increased flow along the extensor tendon, and other involved tissues except nail
plate and nail bed thickening in the later stages. Ultrasound may also be used to
assess not only enthesitis and nail involvement in psoriatic arthritis; the skin, includ-
ing psoriatic plaques, can also be evaluated.

Cartilage Destruction, Bone Erosion, and Osteophytes

Inflammation generally leads to structural damage, although the frequency and rate of
progression differ among the various inflammatory arthritides. Joint damage typically
follows a pattern beginning with cartilage loss, development of subchondral irregu-
larities which deepen to become erosions, and finally malalignment and subluxation
occurs (Fig. 7.17). Cartilage loss begins with the destruction of the cartilage matrix,
which facilitates the attachment of the inflamed synovial tissue to the cartilage. This
leads to subsequent breaks in the chondro-synovial margin (Fig. 7.18) followed by the
inflamed active pannus invading the hyaline cartilage (Fig. 7.19) [24, 25].

Grayscale signs of synovitis are commonly accompanied by early bone erosions
(Fig. 7.20), and in many cases, the intimate relationship between the invading pannus
and the resulting erosion (Figs. 7.21 and 7.22) can be appropriately demonstrated on
US [26]. Bone erosion appears as an interruption of the bony cortex detectable on at
least two perpendicular planes. In patients with rheumatoid arthritis (RA), at the level
of the hand and wrists, bone erosions are usually located on the lateral and dorsal
aspects of the second and fifth metacarpal heads together with the ulnar styloid pro-
cess [27]. It is suggested that bone erosions occur mainly on the radial side of the
second, third, and fourth metacarpal heads, but not the fifth metacarpal head, due to
the involvement of the radial collateral ligament, highlighting the need for lateral
scans to avoid missing erosions on the standard dorsal scan [28, 29]. Gouty erosions
are characteristically described on conventional radiography as well-defined,
punched-out lesions with overhanging edges [30]. Ultrasound has been found to be
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Fig.7.17 Dorsal longitudinal scan of a metacarpophalangeal joint. Different grades of joint dam-
age. (a) Complete cartilage reabsorption with initial subchondral irregularities (arrowheads); (b)
Subchondral erosion (arrows); (¢) Extensive subchondral erosions (arrows); (d) Dorsal dislocation
of the metacarpal head. et finger extensor tendon, mc metacarpal head, pp proximal phalanx, Di
distal, Pr proximal

Fig. 7.18 Dorsal longitudinal scan of a metacarpophalangeal joint. Proliferative synovitis in
established rheumatoid arthritis. Joint cavity enlargement mainly due to synovial hyperplasia
(arrowheads). The arrows indicate very small breaks of the cortical bone which represent early
signs of bone erosions. et finger extensor tendon, mc metacarpal bone, pp proximal phalanx, Di
distal, Pr proximal

more sensitive than conventional radiography for the detection of erosions in gout
[31] which are commonly found on the medial aspect of the first metatarsal head and
MCP joints. Erosions in gout are commonly multifocal and may occur extra-articu-
larly [30]. While erosions appear similar in psoriatic arthritis (PsA) and RA, larger
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Fig.7.19 Dorsal
longitudinal scan of a
metacarpophalangeal joint.
Rheumatoid arthritis.
Grayscale (a) and power
Doppler (b) images. The
arrowheads indicate breaks
of the chondro-synovial
margin. The arrow
indicates inflamed synovial
tissue attached to the
cartilage surface. et finger
extensor tendon, mc
metacarpal head, pp
proximal phalanx, Di
distal, Pr proximal, Ra
radial, Ul ulnar

Fig.7.20 Dorsal
longitudinal scan of a
metacarpophalangeal joint.
Rheumatoid arthritis.
Grayscale (a) and power
Doppler (b) images. The
arrowheads indicate breaks
of the chondro-synovial
margin. The arrow
indicates inflamed pannus
damaging the hyaline
cartilage of the metacarpal
head. et finger extensor
tendon, mc metacarpal
head, pp proximal phalanx,
Di distal, Pr proximal, Ra
radial, Ul ulnar
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Fig. 7.21 Lateral longitudinal (a) and transverse (b) scans of a metacarpophalangeal joint.
Rheumatoid arthritis. The arrows indicate a fibrous rheumatoid pannus within a bone erosion of the
lateral aspect of the metacarpal head. mc metacarpal head, pp proximal phalanx, Di distal, Pr
proximal, Do dorsal, Vo volar

Fig. 7.22 Lateral longitudinal (a) and transverse (b) scans of a metacarpophalangeal joint. The
power Doppler signal shows inflamed pannus invading the lateral aspect of the metacarpal head in
rheumatoid arthritis. mc metacarpal head, pp proximal phalanx, Di distal, Pr proximal, Do dorsal,
Vo volar

erosions in selected joints, especially the second and fifth MCP, fifth MTP joints, and
distal ulna, were highly specific for and predictive of RA in a comparative study [32].
PsA erosions are located mainly at the entheseal insertion. Appearance resembling
mouse ears and central erosions are typical. End-stage pencil-in-cup joint destruc-
tion involving the two edges of bones, and DIP mutilation may occur in later stages.
Bone irregularities due to periostitis and enthesitis are more frequent in PsA than
other arthritis [33]. Joint damage in RA eventually may lead to joint malalignment,
including subluxations and classical deformities, such as swan neck and boutonniere
deformity (Fig. 7.23).

The small joints of the hand, in particular the PIP and DIP joints and, to lesser
extent, the MCP joints, are frequently evaluated in hand osteoarthritis (HOA).
HOA features a number of characteristic pathological signs, including synovial,
cartilage, and bony changes. Synovial changes are similar to those seen in RA or
PsA (Fig. 7.24). Bony changes may include bone erosions (e.g., classical seagull
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Fig.7.23 Dorsal (a) and
volar (b) longitudinal scans
of a proximal
interphalangeal joint. Swan
neck deformity in
rheumatoid arthritis. Joint
cavity enlargement mainly
due to synovial fluid with
synovial hyperplasia
(asterisk). Tenosynovitis of
the finger flexor tendons
(arrowhead). et finger
extensor tendon, f¢ finger
flexor tendon, mp middle
phalanx, pp proximal
phalanx, Di distal, Pr
proximal

Fig.7.24 Volar
longitudinal scan of the
thenar eminence. Right (a)
left (b) comparison.
Carpometacarpal joint
osteoarthritis. The
arrowheads indicate the
osteophytes. (a) Image
taken at the dominant side
showing marked joint
cavity widening (the
arrows indicate the distal
and proximal cul-de-sacs);
(b) Contralateral
asymptomatic side. mc
metacarpal head, tr
trapezium, Di distal, Pr
proximal

E. Filippucci et al.
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Fig. 7.25 Dorsal longitudinal scan of the interphalangeal joint of the thumb. Osteoarthritis. The
arrowhead indicates an evident osteophyte on the head of the proximal phalanx. The arrow indi-
cates the nail plate. dp distal phalanx, ef finger extensor tendon, pp proximal phalanx, Di distal, Pr
proximal

Fig.7.26 Dorsal longitudinal scan of a proximal interphalangeal joint. Osteoarthritis. The arrow-
head indicates an evident osteophyte on the head of the proximal phalanx. ef finger extensor ten-
don, mp middle phalanx, pp proximal phalanx, Di distal, Pr proximal

or gull-wing central erosion) and in particular osteophytes, which are a hallmark
of HOA (Figs. 7.25 and 7.26) [33]. Increased sensitivity in detecting bone ero-
sions as compared to radiography would suggest that US could be helpful in dif-
ferentiating between erosive and nonerosive OA. Due to feasibility problems of
evaluating erosions in the presence of osteophytes as well as to conflicting results,
the preliminary OA US scoring system does not include erosions [34]. Cartilage
changes include the asymmetrical thinning of articular cartilage, loss of normal
anechoic echostructure, and blurring or loss of clarity of margins. The use of US
for the evaluation of cartilage in HOA is currently not recommended due to low
reliability [35].

Crystal Deposition and Tophi

Crystal-induced arthropathies, e.g., gout, calcium pyrophosphate deposition
disease (CPPD), and hydroxyapatite deposition disease, are also characterized
by synovial, cartilage, and bony and soft tissue changes [36]. Synovitis seen in
gout typically features small echogenic particles, representing monosodium urate
crystal deposits, both in areas of synovial hyperplasia and in synovial fluid itself



136 E. Filippucci et al.

Fig. 7.27 Dorsal longitudinal scan of a metacarpophalangeal joint. Gout. The arrows indicate
tophaceous deposits which impair the visualization of the finger extensor tendon and of the under-
lying metacarpal bone. The arrowheads indicate the hyperechoic enhancement of the chondro-
synovial interface also known as the double contour sign which is due to urate deposits on the
cartilage surface. et finger extensor tendon, mc metacarpal head, pp proximal phalanx, Di distal, Pr
proximal

Fig. 7.28 Dorsal longitudinal scan of a metacarpophalangeal joint. Gout. The arrowheads indi-
cate tophaceous deposits which impair the visualization of the finger extensor tendon. The asterisk
indicates a large erosion. et finger extensor tendon, mc metacarpal head, pp proximal phalanx, Di
distal, Pr proximal

(Fig. 7.3). In time tophi develop, which appear as a heterogeneous, hypo- to hyper-
echogenic periarticular material, often surrounded by a small anechoic rim with
surrounding edematous, hypervascularized surrounding soft tissue (Figs. 7.27 and
7.28). Tophi may be commonly seen extra-articularly, particularly within and in
the vicinity of tendons (Fig. 7.29). The double contour sign, a distinct hyperechoic
enhancement of the chondro-synovial margin of the hyaline cartilage, has been
suggested by several studies to be a highly specific sign of gout (Fig. 7.30). This
sign should be distinguished from the cartilage interface artifact, since it only
appears when the cartilage is insonated perpendicularly and therefore disappears
when the transducer is moved along the bony contour during dynamic examination
(Fig. 7.31) [37].
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Fig. 7.29 Dorsal longitudinal scan of a metacarpophalangeal joint. Secondary gout in macro-
phage activation syndrome. The arrowheads indicate large tophaceous deposits overlying the fin-
ger extensor tendon. ef finger extensor tendon, mc metacarpal head, pp proximal phalanx, Di distal,
Pr proximal

Fig.7.30 Dorsal
longitudinal (a) and
transverse (b) scans of a
metacarpophalangeal joint.
Gout. The arrowheads
indicate the hyperechoic
enhancement of the
chondro-synovial interface:
the double contour sign
which is due to
monosodium urate deposits
on the cartilage surface. mc
metacarpal head, pp
proximal phalanx, Di
distal, Pr proximal, Ra
radial, Ul ulnar

In CPPD, calcium pyrophosphate crystal deposits appear as either thin hyper-
echoic bands, parallel to the surface of the hyaline cartilage; as thin hyperechoic
spots, more common in fibrous cartilage and in tendons; or as homogeneous hyper-
echoic nodular or oval deposits localized in bursae and articular recesses on US [38]
(Figs. 7.4 and 7.32). In the wrist, crystal deposits can also be commonly detected in
the triangular fibrocartilage complex (TFCC). They can also be detected on conven-
tional radiography or in the vicinity of the extensor carpi ulnaris tendon (Figs. 7.33
and 7.34).
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Fig.7.31 Dorsal
longitudinal (a) and
transverse (b, ¢) scans of a
metacarpophalangeal joint
obtained using a 22 MHz
linear probe in a healthy
subject. The chondro-
synovial interface
(arrowhead) is visible only
if insonated
perpendicularly in a and b
but not in c. et finger
extensor tendon, mc
metacarpal head, pp
proximal phalanx, Di
distal, Pr proximal, Ra
radial, Ul ulnar

Carpal-Tunnel Syndrome

Carpal tunnel syndrome (CTS) is the most common form of peripheral nerve entrap-
ment and is also one of the most frequent extra-articular manifestations of RA [39].
The utility of US for both diagnosis and guided injection in CTS was assessed by a
large number of studies and has been found to be an ideal tool for both diagnosis and
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Fig. 7.32 Dorsal longitudinal (a) and transverse (b) scans of a metacarpophalangeal joint.
Calcium pyrophosphate deposition disease. The arrowheads indicate crystal deposits within the
hyaline cartilage of the metacarpal head. The arrows indicate the chondro-synovial margin where
the incident ultrasound beam was perpendicular to the cartilage surface. mc metacarpal head, pp
proximal phalanx, Di distal, Pr proximal, Ra radial, Ul ulnar

Fig. 7.33 Ulnar longitudinal (a) and transverse (b) scans of the triangular fibrocartilage of the
wrist. Calcium pyrophosphate deposition disease. The arrowheads indicate crystal deposits within
the fibrocartilage. ecut extensor carpi ulnaris tendon, #r triquetrum, «/ ulna, Di distal, Do dorsal, Pr
proximal, Vo volar

Fig.7.34 Transverse scan
of the ulnar wrist.
Hydroxyapatite deposition
disease. The arrowhead
indicates a crystal deposit
within the tendons sheath
which casts an acoustic
shadow on the underlying
ulna. ecut extensor carpi
ulnaris tendon, u/ ulna, Di
distal, Pr proximal
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Fig.7.35 Volar
longitudinal (a, a”) and
transverse (b, ¢) scans of
the carpal tunnel in
calcium pyrophosphate
deposition disease and
carpal tunnel syndrome.
Grayscale (a) and power
Doppler (a’, b, ¢) images.
The arrowheads indicate
pyrophosphate deposits
which compress the
median nerve that appears
swollen in the proximal
part of the carpal tunnel.
The power Doppler
technique allowed the
detection of signal within
the median nerve and
surrounding the finger
flexor tendons at the level
of the carpal tunnel. f¢
finger flexor tendons, /u
lunate bone, mn median
nerve, r radius, Di distal,
Pr proximal, Ra radial, Ul
ulnar

management [40]. The most relevant pathological finding relating to the median
nerve is the change of its cross-sectional area. Ultrasound criteria for median nerve
compression include the classic triad of prestenotic swelling, stenotic and postste-
notic flattening, and volar bowing or bulging of the flexor retinaculum. Other less
commonly used measures include the nerve perimeter and the ratio between the
transverse and the anteroposterior diameter [41-43]. An increment of the transverse
area of the nerve at the proximal entrance to the carpal tunnel is the most frequent
and nonspecific sign of increased pressure within the tunnel (Fig. 7.35). A conse-
quence of CTS, i.e., thenar atrophy, may also be evaluated by US, especially in uni-
lateral cases when comparisons can be made between the two sides (Fig. 7.36).
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Fig.7.36 Volar longitudinal (a, a") and transverse (b, b’) scans of the thenar eminence. Right (a,
b) left (a’, b’) comparison showing hypotrophy of the thenar eminence muscles in carpal tunnel
syndrome. fp! flexor pollicis longus tendon, thm thenar eminence muscles, Di distal, Pr proximal,
Ra radial, Ul ulnar

Ultrasound also allows the evaluation of distinct median nerve and carpal tunnel
pathologies, including a bifid median nerve, persistent median artery, tenosynovitis
of the flexor tendons, radiocarpal or intercarpal synovitis, urate, CPPD or amyloido-
sis deposits, arthrogenic cysts, aberrant muscles, or other space-occupying structures
(Figs. 7.35,7.37, and 7.38). A focal thinning of the median nerve (notch sign) is also
a morphological change indicative of a secondary cause of CTS.

Connective Tissue Diseases

Ultrasound of the hand and wrist may also be used for the evaluation of connective
tissue diseases. In remitting seronegative symmetrical synovitis with pitting edema,
US may reveal tenosynovitis of extensor and flexor tendons at the wrist and the
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Fig. 7.37 Volar longitudinal (a, b) and transverse (a’, b") scans of the carpal tunnel. Right (a, a’)
left (b, b’) comparison. The arrowheads indicate the abnormal muscle which compresses the
median nerve. ca capitate, ft finger flexor tendons, /u lunate, mn median nerve, r radius, Di distal,
Pr proximal, Ra radial, Ul ulnar

Fig.7.38 Volar transverse
scan (a, b) of the carpal
tunnel. The asterisk
indicates a bifid median
nerve (a, b) and persistent
median artery (b). fcr
flexor carpi radialis tendon,
Jp flexor pollicis tendon,

ft finger flexor tendons, [u
lunate, ra radial artery, Ra
radial, Ul ulnar
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Fig. 7.39 Dorsal longitudinal scan of a metacarpophalangeal joint. Periarticular edema, marked
thickening of the periarticular subcutaneous tissue (arrows) in remitting seronegative symmetrical
synovitis with pitting edema (RS3PE) syndrome. et finger extensor tendon, mc metacarpal head,
pp proximal phalanx, Di distal, Pr proximal

Fig. 7.40 Dorsal longitudinal scan of a metacarpophalangeal joint. Subluxation of the proximal
phalangeal base in relation to the metacarpal head in Jaccoud arthropathy. ef finger extensor ten-
don, mc metacarpal head, pp proximal phalanx, Di distal, Pr proximal

metacarpal heads as well as thickening of periarticular subcutaneous tissue
(Fig. 7.39). Ultrasound examination of the hand in patients with systemic lupus
erythematosus (SLE) also revealed a high prevalence of findings, although rates of
abnormality were highly variable [44]. Jaccoud arthropathy is a chronic joint disor-
der which frequently accompanies SLE and other connective tissue diseases and
commonly leads to subluxation of the MCP joints [45] (Fig. 7.40).

Miscellaneous Disorders

High-frequency US may also be useful for diagnosing osseous, injury- or overuse-
related disorders of the wrist and hand, such as occult scaphoid fractures and scaph-
olunate ligament tear and/or advanced collapse. Carpal boss, also known as
hunchback carpal bone, indicates a commonly overlooked bony prominence on the
dorsal aspect of the second and/or third carpometacarpal joint yet another condition
where US may help in confirming the clinical diagnosis (Fig. 7.41).

Ganglion cysts represent the most common benign soft tissue tumors of the
hand and wrist, appearing as oval or round, unilobulated or more commonly mul-
tilobulated, fluid-filled, anechoic or hypoechoic sacs on US, in conjunction with
either a joint (e.g., scapholunate) or a tendon sheath (e.g. extensor tendons)
(Fig. 7.42) [46]. Care should be taken to differentiate these benign tumors from
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Fig.7.41 Dorsal longitudinal scan of the second carpometacarpal joint. Carpal boss. Dorsal pro-
tuberance and disintegration of the joint (asterisk), featuring osteophytes at the bone endings and
complete loss of cartilage. ef finger extensor tendon, mc metacarpal, tr trapezoid, Di distal, Pr
proximal

Fig. 7.42 Dorsal longitudinal (a) and transverse (b) scan of the radiocarpal joint. Arrowheads
indicate a ganglion cyst of the extensor carpi radialis brevis tendon. ecrb extensor carpi radialis
brevis tendon, ecrl extensor carpi radialis longus tendon, ra radius, Di distal, Pr proximal, Ra
radial, Ul ulnar

rare neoplasms of the hand and wrist. Vascularization, as assessed by Doppler
flow, presence or absence of capsule, echogenicity, and echostructure of the lesion
as well as follow-up through time, may aid the differentiation of neoplasms; how-
ever, it is advised to perform further diagnostic tests. Ganglion cysts must also be
differentiated from intra-articular synovial fluid, although there may be commu-
nication between the ganglion cyst and the joint. Similarly, ganglion cysts should
also be differentiated from tenosynovitis in cases when such cysts originate from
the tendon sheath.

The ulnar collateral ligament of the thumb which runs at an oblique angle
from the ulnar side of the first metacarpal bone to the lateral tubercle of the
proximal phalanx of the thumb can be visualized by performing a longitudinal
scan of the ulnar aspect of the first MCP joint, followed by a transverse scan of
the ligament (Fig. 7.43). The acute tear of this convex hypoechoic ligament is
known as gamekeeper or skier thumb, while a chronic tear is known as Stener
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Fig. 7.43 Longitudinal lateral scan of the first metacarpophalangeal joint using a 22 MHz linear
probe. Rupture of the ulnar collateral ligament. Metacarpophalangeal joint of the thumb. The
arrowheads delimit the two stumps of the ulnar collateral ligament. The asterisk indicates the gap
between the two stumps. The arrow indicates the overlying aponeurosis of the adductor pollicis
longus which moves during flexion-extension movements of the interphalangeal joint of the thumb.
The proximal stump is under the aponeurosis. mc metacarpal bone, pp proximal phalanx, Di distal,
Pr proximal

Fig. 7.44 Dorsal longitudinal (a) and transverse (b) scans of a finger. The arrow indicates a for-
eign body, a palm thorn in the subcutaneous tissue appearing as a hyperechoic band and spot
respectively in longitudinal and transverse view. et finger extensor tendon, mp middle phalanx, Di
distal, Pr proximal, Ra radial, Ul ulnar

lesion, in which there is significant retraction of the proximal fragment, which
then dislocates superficial to the adductor aponeurosis, which normally runs
superior to the ligament [47].

The hand is prone to injury, including injury due to foreign bodies, which can be
detected by US (Fig. 7.44). In Dupuytren’s contracture, US depicts fibrous nodules
and adhesions as hypoechogenic masses on US (Fig. 7.45) [48].

Interventional procedures, including both diagnostic (e.g., arthrocentesis, syno-
vial, tenosynovial, soft tissue biopsies, etc.) and therapeutic procedures (e.g., intra-
articular and extra-articular injections/infiltrations, aspirations, carpal tunnel
release, etc.) of the hand and wrist, have an important role in the diagnosis and
treatment of a wide variety of disorders [49-53] (Fig. 7.46).
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Fig.7.45 Volar
longitudinal scan of a
metacarpophalangeal joint.
Arrowheads indicate a
thickened fibrotic and
edematous palmar
aponeurosis in Dupuytren’s
contracture. ft finger flexor
tendon, mc metacarpal
head, Di distal, Pr
proximal

Fig. 7.46 Dorsal transverse scan of the proximal cul-de-sac of an inflamed metacarpophalangeal
joint in established rheumatoid arthritis. (a) Definition of the probe positioning to guide the injection.
(a’) Correct placement of the tip of the needle (arrow). (a”) Injection of the steroid spreading within
the joint cavity (arrowheads). mc metacarpal, sp synovial proliferation, Ra radial, Ul ulnar
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mid-layer, muscles of, 21, 22
radial nerve, 24
skin and subcutis, 15-17
vascular arches, 22
regional and subregional anatomy
anatomical snuffbox, 34
carpal tunnel, 35
cavities and capsules, 40, 41
compartments, 30, 34
connexus intertendinei, 38
extensor hood, 38
extensor retinaculum, 38
extensor tendon channels, 36
finger flexor channels, 36, 37
flexor retinaculum, 39
Guyon’s tunnel, 36
pulley, 39
Hand osteoarthritis (HOA), 52, 133, 135
High-resolution peripheral quantitative
computed tomography (HRpqCT),
67
Hunchback carpal bone, 143
Hydroxyapatite deposition disease, 139
Hyperechoic synovial hyperplasia, 121
Hypermobility syndrome, 6
Hypermobility test, 7

1
Imaging anatomy
anatomic compartments and complexes,

kinetics chains of

bursae, 73

central part, 73

complex carpal instability, 69

critical zones, 69

instability in arthritis, 69

IP joints, 74

Mayo classification system, 69

MCP joints, 73

osteocartilaginous unit, 76, 77

radiocarpal and midcarpal
compartments, 71, 72

STCC, 73

subarticular and subtendinous bone,
77-79

synovial recesses and entheses, 74-76

ulnar subluxation, 69

ulnocarpal compartment, 70
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concepts, 68
CT, 67
HRpqCT, 67, 68
indication-driven workflow, 66, 67
MRI, 65, 68
PET, 68
X-rays, 67
Interphalangeal joints (IPs), 61, 74, 91,
113-117, 135
Intra-articular color or power Doppler (C/PD)
signal, 124
Intrinsic hand muscles, 26-27
Intrinsic ligaments, 20-21, 79

J
Jaccoud arthropathy, 143
Joint, 1, 4, 5, 8, 10, 12, 17-20, 37, 40, 41,
49, 52, 53, 67-71, 75, 89-93,
100, 121
CMC, 73, 108, 144
coronal sections of hand, 20
DIP, 15, 38, 39, 56, 57, 59, 66, 129, 133
hand and finger, 8
interphalangeal, 61, 74, 91, 113-117, 135
MCP, 21, 38, 40, 57, 60, 67, 69, 73, 91,
109-111, 130-132, 136, 137, 143,
145, 146
osteoarthritis of first carpometacarpal, 53
palpation of, 4
PIP, 15, 57, 59, 66, 113, 135
STT, 40, 73

K
Kinetic chain, 69-70

L

Leeds dactylometer, 5

Ligament, 12, 16, 17, 19, 38, 40, 41, 69-71,

75,717,779, 97-100, 111, 145

extrinsic, 20-21
intrinsic, 20-21
MCPs, PIPs, DIPs and IPs, 21
radial collateral, 67, 73, 110, 130
transverse carpal, 35, 36, 39, 104
ulnar collateral, 70, 110, 111, 144
“V”-ligaments, 72, 76

Lister’s tubercle, 94, 95

M
Macrophage activation syndrome, 137
Madelung’s deformity, 69

Magnetic resonance imaging (MRI), 65, 66,
68,71,72,74,76,77

Mayo classification system, 69

Median nerve, 23

Metacarpophalangeal (MCP) joint, 21, 38, 40,
57, 60, 67,69, 73,91, 109-111,
130-132, 136, 137, 143, 145, 146

Million-dollar nerve, 24

Monosodium urate (MSU), 67

Muddy pouch, 75

Musculoskeletal diseases, 3—4

(0]
Oblique ligaments, 21
Osteoarthritis (OA), 69, 73, 75, 77, 135

P

Peritenon inflammation, 127

Phalen’s sign, 10, 11

Pisiform, 19, 35, 36, 38, 50, 104, 106

Positron emission tomography (PET)
scan, 68

Power Doppler, 118, 123, 125, 127-130, 133,
140

Proximal interphalangeal (PIP) joints, 15, 57,
59, 66, 113, 135

PsA erosions, 133

Pseudoerosions, 77

Psoriatic arthritis, 52, 127

R

Radial nerve, 24, 96, 117

Radial pulse palpation, 5

RAMRIS score, 65

Raynaud’s phenomenon, 1

Remitting seronegative symmetrical synovitis
with pitting edema (RS3PE)
syndrome, 4, 143

Retinacular ligaments, 21

Rheumatoid arthritis (RA), 3-5, 66, 6870,
73-77, 100, 124, 131-134, 138, 146

S

“Sausage-like” digits, 128

Scapholunate advanced collapse (SLAC), 71
Scapholunate instability, 69

Scapholunate ligament, 90, 97
scapho-trapezio-channels complex (STCC), 73
Scaphotrapeziotrapezoid (STT) joint, 40, 73
Sesamoid bones, 19

Slingshot ligaments, 72
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carpal tunnel, 104-106 carpal boss, 143, 144

CMC, 108 cartilage loss, 130

extensor compartment, 95-100
finger, palmar aspects of, 112
Guyon’s canal, 106
interphalangeal joints, 113—117
MCP joint, 109-111
muscles, vasculature and innervation, 117
thenar eminence, 107
wrist
dorsal aspects of, 92-95
and hand, 91, 92
palmar aspects of, 104
Sonographic technique, 87
anatomical plane, 85, 86
directional terms, 85, 86
echogenicity, 85, 86
palmar, 86
terms of motion, 85, 86
transducer orientation/view, 85, 86
ulnar and radial, 86
Stener lesion, 144-145
Swan-neck deformity, 134
Swelling, tenderness, warmth and limitation of
movement (STWL) system, 12
Synovial hyperplasia, 121, 123-125
Synovial inflammation, 65
Synovitis, 123, 135
Systemic lupus erythematosus (SLE), 143

T

Takayasu’s arteritis, 5

Tendon, 2, 5-7, 15, 16, 21, 29-41, 70, 73,
75-79, 90-107, 109, 110, 112114,
123, 129, 130, 137, 141, 144

Tendon damage, 126128

Tenosynovitis, 126, 128

Testut’s ligament, 72

Thenar eminence, 107, 134

Tinel’s sign, 5, 6

Tophi, 135-137

Transducer, 85, 86, 90, 92-101, 103-116, 136

Transducer pressure, 89, 125

Trapeziometacarpal (TMC) joint, 108

Triangular fibrocartilage complex (TFCC), 66,

70, 93, 137

U

Ulnar collateral ligament, 70, 76, 110, 111,
144, 145

Ulnar subluxation (ulnar drift), 69
Ulnocarpal complex, see Triangular
fibrocartilage complex (TFCC)

connective tissue diseases, 141, 143

crystal peposition and tophi, 135-137

CTS, 138, 140, 141

dactylitis, 128-129

enthesitis, 129, 130

ganglion cysts, 143, 144

gouty erosions, 130

grayscale signs of synovitis, 130

HOA, 133, 135

injury due to foreign bodies, 145

metacarpophalangeal joint, 130-132

proximal cul-de-sac of an inflamed
metacarpophalangeal joint, 146

PsA erosions, 133

synovial hyperplasia and fluid, 121,
123-125

tenosynovitis and tendon damage, 126, 128

ulnar collateral ligament of thumb, 144

A\

Virtual noncalcium technique, 67

“V” ligament, 20, 71-73, 79

Volumetric bone mineral density (VBMD), 67

W
‘Watson’s test, 12
Whole-organ disease, 75
‘Wrist, 20
carpometacarpal joints, 40
clinical examination
movement, 6, 8—10
palpation, 1, 5
specific tests, 9-11
distal radioulnar joint, 40
extensor tendon, 40
extensor tendon channels, 36
interphalangeal joints, 41
layer-by-layer anatomy of
extrinsic ligaments, 20
intrinsic ligaments, 20
MCP joint, 40
metacarpophalangeal joints, 40
midcarpal joint, 40
radiocarpal joint, 40
radius and ulna, 28
two-view series, 50-52
various planes, 91

y/
Zither-player projection, 49
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