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OSTEOLOGY
 1. Bone is classified into two types:

 a. cortical (compact)
 b. cancellous (spongy)

 2. There are two major modes of bone formation:
 a. Endochondral bone formation: Cartilage intermediate 

is formed and then replaced by bone. Examples include 
embryonic long bone formation, longitudinal growth 
through a physis, and secondary bone healing (i.e., frac-
tures treated with casting).

 b. Intramembranous ossification: Direct conversion of 
mesenchymal tissue into bone. Examples include flat bone 
formation (i.e., clavicle), distraction osteogenesis, and pri-
mary bone healing (i.e., compression plating). It involves 
the activation of core-binding factor subunit alpha-1 
(CBFA1). Cleidocranial dysplasia is a condition caused 
by a mutation in the CBFA1 gene.

 3. Whereas endochondral and intramembranous bone forma-
tion are types of longitudinal bone growth, appositional bone 
growth occurs when bones grow in width. This process does 
not require a cartilaginous model.

ARTHROLOGY
 1. Joints are specialized structures that mechanically coordinate 

motion between bones.
 2. Diarthrodial joints are composed of bones, ligaments, a joint 

capsule, synovium, and articular cartilage. The joint capsule 

is a closed space that contains synovial fluid and separates 
the joint from surrounding structures. The synovium is a 
layer of the capsule that is involved in joint nutrition and 
lubrication.
 a. Synovial fluid is produced by type B synoviocytes.
 b. Synovial fluid is composed of hyaluronic acid, proteinases, 

collagenases, prostaglandins, and lubricin. Lubricin is a 
glycoprotein involved in lubrication.

 3. Articular cartilage is a highly specialized connective tissue 
found in diarthrodial joints. It is 2 to 4 mm thick and is devoid 
of blood vessels, lymphatics, and nerves. It receives nutrition 
via diffusion from surrounding synovial fluid. Articular carti-
lage has limited capability for intrinsic healing and repair.
 a. Articular cartilage is composed of extracellular matrix and 

chondrocytes.
 b. The extracellular matrix is composed of water, collagen, 

proteoglycans, noncollagenous proteins, and glycoproteins
 c. Articular cartilage functions to decrease friction and trans-

fer load.
 d. The pH of cartilage is 7.4.
 e. Water component of articular cartilage is 65% to 80%. 

Its shifting in and out of cartilage allows deformation in 
response to stress.

 f. Collagen component of articular cartilage is 10% to 
20%. Ninety-five percent of collagen content of artic-
ular cartilage is type 2. This provides the cartilaginous 
framework and tensile strength.

 g. Proteoglycans make up 10% to 15% of articular car-
tilage. They comprise structural properties, specifically 
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compressive and elastic strength. They are also responsible 
for cartilage’s porous structure.

 h. Chondrocytes make up 5% of articular cartilage.
 4. The articular cartilage is divided into the following separate 

zones: (Fig. 1.1)
 a. Superficial/tangential zone
 • Highest concentration of type 2 collagen fibers
 • Flattened chondrocytes
 • Collagen fibers parallel to the joint surface
 • Lowest concentration of proteoglycans
 • Greatest tensile stiffness
 b. Middle/intermediate zone
 • Type 2 collagen fibers more oblique/random
 c. Deep zone
 • Have increased chondrocyte volume
 • Collagen fibers perpendicular to joint surface
 • Highest concentration of proteoglycans
 d. Tidemark
 • Divides the superficial uncalcified cartilage from the 

deeper calcified cartilage
 e. Calcified zone
 • Transition region of intermediate stiffness between 

articular cartilage and subchondral bone
 5. Joints are classified by their freedom of motion.

 a. Synarthroses have no motion at maturity (i.e., skull suture 
lines).

 b. Amphiarthrodial joints have limited motion and possess an 
articular disc (i.e., symphysis pubis, sternoclavicular joint).

 c. Diarthrodial joints are specialized structures that serve 
to efficiently coordinate motion. These joints are clas-
sified according to mobility and anatomy (Table 1.1).

NERVES
 1. Most peripheral nerves originate from the ventral rami of  

spinal nerves.
 2. There are two types of fibers:

 a. Efferent fibers carry motor signals from the central ner-
vous system (CNS) to muscles.

 b. Afferent fibers carry sensory fibers from muscles back to 
the CNS.

 3. Peripheral nerves consist of (Fig. 1.2):
 a. axons
 b. endoneurium, which surrounds numerous axons
 c. fascicles, which is an organization of axons
 d. perineurium, which is a layer of connective tissue that 

binds the fascicles
 e. epineurium, which is a loose connective tissue layer that 

surrounds the fascicles

 4. Nerve fibers are characterized by size, myelination, speed, and 
function (Table 1.2).

 5. Peripheral nerves have several sensory end organs in skin:
 a. Meissner corpuscles
 • Disk shape
 • Approximately 3 µm thick and 30 µm in diameter
 • Activated by touch (moving two-point type)
 b. Pacinian corpuscles
 • 100 to 500 µm by 2 mm
 • Respond to pressure and vibration
 c. Ruffini corpuscles
 • Activated by cold and heat
 d. Merkel disks
 • Activated by continuous touch (static two-point type)
 e. Naked A∆ fibers
 • Respond to sharp pain
 f. Naked C fibers
 • Respond to burning pain

TENDON
 1. Tendon primarily functions to transmit tensile loads from 

muscle to bone.
 2. Tendon is predominantly composed of water. Its solid 

component consists of type I collagen (70% to 80% of 
the dry weight) in a matrix of proteoglycans, along with a 
sparse density of fibroblasts.

 3. Each collagen molecule is a triple left-handed helix of three 
polypeptide chains. Collagen molecules are arranged longitu-
dinally and quarter staggered in microfibrils.

 4. Tendon fibrils are incorporated into tendon fascicles, which 
are bound by the endotenon.

 5. The epitenon is a highly cellular, fibrous outer layer that is 
continuous with the endotenon and contains most of the cap-
illaries and blood supply (Fig. 1.3A and B).

LIGAMENT
 1. Ligaments are dense connective tissue structures with similar 

structures to tendons. They serve to connect bones or support 
viscera.

 2. Ligaments are composed of type I collagen (70% of dry 
weight), which is less organized than the collagen seen in 
tendons.

 3. Most of the blood supply to ligaments originates from the 
ligament origin and insertion sites.
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Fig. 1.1 Articular cartilage layers. (From Brody LT. Knee osteoar-
thritis: clinical connections to articular cartilage structure and function. 
Phys Ther Sport. 2015;16(4):50-58.)

TABLE 1.1 Classification of Joints by Their Freedom of Motion,  
With Examples

Types of Joints

Planes of 
Freedom

Anatomic 
Description Example

Uniaxial Ginglymus (hinge) Interphalangeal
Trochoid (pivot) Distal radioulnar

Biaxial Condyloid Metacarpophalangeal
Ellipsoid Radiocarpal
Saddle Thumb carpometacarpal

Polyaxial Spheroid (ball-and-
socket)

Thumb carpometacarpal
Glenohumeral

Plane Gliding Scapholunate

From Bozentka DJ, Beredjiklian PK. Review of Hand Surgery. New York, 
NY: Elsevier; 2004:1.
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HAND

Osteology

 2. The primary ossification center in the shaft appears at 8 
weeks of age.

 3. Secondary ossification centers (physis) appear at 3 years of 
age.

 4. Because the thumb metacarpal is genetically similar to 
a proximal phalanx, its secondary ossification center is 
located at the base.

 5. The collateral recesses appear along the radial and ulnar 
aspects of the metacarpal head and serve as the origin of the 
proper collateral ligaments.

 6. The metacarpal shaft is concave longitudinally on the volar 
surface. This concavity makes the dorsal surface the ten-
sion side of the bone.

 7. The index, long, ring, and small metacarpals are tightly 
bound side by side, but the thumb metacarpal is rotated 90 
degrees with respect to the others to facilitate prehension.

Arthrology
 A. Interphalangeal joints

 1. Both the proximal interphalangeal (PIP) and distal inter-
phalangeal (DIP) joints are uniaxial hinge joints.

 2. The DIP joints experience the greatest amount of  
longitudinal stress of any joint in the hand.

 3. The major soft tissue constraints are the capsule and exten-
sor tendons dorsally, the collateral ligaments laterally, and 
the volar plate (Fig. 1.5).

 4. The primary stability of the joint is conferred by articular 
congruity, the collateral ligaments, and the volar plate.

 5. The collateral ligaments arise from fossa on the lateral 
aspect of the phalangeal heads and insert into the volar 
third of the phalangeal base (proper collateral ligament) 
and the volar plate (accessory collateral ligament).

 6. The collateral ligaments are the primary restraints to the 
radial and ulnar deviation of the joint, whereas the volar 
plate is the primary restraint to hyperextension.

 7. Checkrein ligaments are fibrous connections at the PIP 
joint level that extend between the proximal aspect of the 
volar plate and the volar bone ridges of the proximal phalanx.

 8. Checkrein ligaments are implicated in flexion contractures 
of the PIP joint.

Fig. 1.2 Internal peripheral nerve anatomy. (From Preston DC, Shapiro BE. Electromyography and Neuromuscular Disorders. 4th ed. New York, 
NY: Elsevier; 2021, Fig. 2.8.)

TABLE 1.2 Types of Nerve Fibers

Type Size Myelination Speed Examples

A 10–20 Heavy Fast Touch

B <3 Intermediate Medium Autonomic

C <1.3 None Slow Pain

From Bozentka DJ, Beredjiklian PK. Review of Hand Surgery. New York, 
NY: Elsevier; 2004:3.

 A. Phalanges
 1. There are 14 phalanges (five proximal, four middle, five 

distal).
 2. Primary ossification occurs in the shaft in the eighth to 

ninth week of development for the distal phalanges, the 
10th week for the middle phalanges, and the 11th week or 
later for the proximal phalanges.

 3. Secondary ossification centers of the phalanges (physis) 
appear at their bases at ages 3 years (proximal), 4 years 
(middle), and 5 years (distal).

 4. All phalangeal growth plates fuse by 15 to 16 years of 
age in girls and 17 to 18 years of age in boys.

 5. The bases of the proximal phalanges are oval and concave 
and articulate with the metacarpal head.

 6. The middle phalanges have two concave facets at their 
bases.

 7. The heads of the proximal and middle phalanges are ana-
tomically pulley-shaped to form the hinge joints of the 
interphalangeal joints.

 8. The volar surface of the distal phalanx has a roughened 
surface that attaches to the pulp of the fingertip with mul-
tiple vertical septa of dense connective tissue.

 B. Metacarpals
 1. There are five metacarpal bones of the hand. Each has a 

base, shaft, neck, and head (Fig 1.4).
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Fig. 1.3  Schematic drawings of the structural anatomy/organization of 
tendons. From Miller M, Thompson S. DeLee, Drez and Miller’s Orthopaedic 
Sports Medicine. 5th ed. New York, NY: Elsevier; 2020, Fig. 107.6.)
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is smallest at the most dorsal aspect and greatest at the 
most volar aspect of the metacarpal head (Fig. 1.6).

 a.  This creates a “cam” effect as the MP joint is taken from 
extension into flexion.

 b.  This causes the proper collateral ligament to be lax in 
extension and taut in flexion.

 c.  However, the accessory collateral ligament is taut in 
extension and lax in flexion.

 d.  The overall effect is for the MP joint to be tight in flex-
ion and lax in extension with radial and ulnar deviation. 
This is because of the larger and wider metacarpal head 
volarly combined with the tightness of the proper col-
lateral ligaments in flexion.

 e.  For this reason, when a hand injury occurs and immo-
bilization is necessary, the MP joints should be immobi-
lized in flexion (intrinsic plus position). If the MP joints 
are immobilized in extension, the collateral ligaments 
may contract leading to an extension contracture.

6.  The volar plate of the MP joint has the ability to expand 
with joint extension and is collapsible with flexion. The 
volar plate of the PIP joint, however, is not collapsible and 
only slides proximally and distally with joint flexion and 
extension.

 C. Thumb MP joint
 1. The thumb MP joint combines the features of a ginglymus 

and condyloid joint.
 2. The range of motion is variable between individuals because 

of differences in metacarpal head radius of curvature.
 3. Bone congruity is much less a determinant of stability 

of the thumb MP joint than are the volar plate and 
collateral ligaments.

 4. The accessory collateral ligaments insert into the sesa-
moids and the volar plate.

 5. The adductor aponeurosis lies directly over the 
ulnar collateral ligament. Interposition of the apo-
neurosis between the torn ulnar collateral ligament 
and the proximal phalanx base can occur. This injury 
often requires surgical intervention and is commonly 
referred to as a Stener lesion (Fig. 1.7).

Nerve
 A. Median nerve

 1. The median nerve enters the hand through the carpal 
tunnel along with nine flexor tendons. These are the four 
flexor digitorum superficialis tendons, the four flexor dig-
itorum profundus tendons, and the flexor pollicis longus 
tendon (Fig. 1.8).

 2. The median nerve supplies sensation to the volar aspect 
of the thumb, index, long, and radial one-half of the ring  
finger.

 3. The median nerve innervates the index and long finger 
lumbricals along with most of the thenar muscles. These 
include the abductor pollicis brevis, the opponens pollicis, 
and the superficial head of the flexor pollicis brevis.

 4. As it enters the palm of the hand, the median nerve branches 
into the recurrent motor branch to the thenar muscles, the 
digital nerves to the thumb, the index radial digital nerve, 
and two common digital nerves.

 5. The most radial common digital nerve divides into proper 
digital nerves to the index and long interspace and also sup-
plies innervation to the lumbrical of the long finger. The 
radial digital nerve to the index supplies the lumbrical to 
the index finger. The other common digital nerve divides 
into the proper digital nerves to the long and ring inter-
space and does not supply the lumbricals.

 6. There is significant variability of the point of origin of 
the recurrent motor branch of the median nerve with 

 9. The palmodigital crease corresponds to the level of the 
midshaft proximal phalanx, whereas the distal palmar 
crease corresponds to the level of the metacarpophalangeal 
(MP) joint.

 B. MP joints
 1. The MP joints of the fingers are condyloid joints that allow 

flexion-extension, abduction-adduction, and some degree 
of rotation.

 2. They are less susceptible to injury because of their pro-
tected position and the additional soft tissue stability con-
ferred by the surrounding extensor, flexor, and intrinsic 
tendons and the transverse intermetacarpal ligament.

 3. The volar plate is thicker distally than proximally and is con-
tinuous with the deep transverse intermetacarpal ligament.

 4. The metacarpal head is wider on its volar surface than 
on its dorsal surface, which allows more bone contact 
and stability with increasing flexion.

 5. The distance from the center of rotation of the meta-
carpal head to the articular surface in the sagittal plane 
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respect to the transverse carpal ligament. Forty-six 
percent are extraligamentous, 31% are subligamen-
tous, and 23% are transligamentous.

 7. The recurrent motor branch may also exit the median 
nerve on its ulnar side or lie on top of the transverse carpal 
ligament (Fig. 1.10).

 8. The palmar cutaneous branch of the median nerve supplies 
sensation to the thenar skin and originates from the radial 
aspect of the median nerve variably 0 to 5 cm proximal to 
the wrist flexion crease.

 9. High median nerve division and bifid median nerve can 
occur and are usually associated with aberrant muscles or a 
persistent median artery.

 B. Ulnar nerve
 1. The ulnar nerve enters the hand through Guyon canal.
 2. Guyon canal is formed by the volar carpal ligament vol-

arly, the transverse carpal ligament dorsally, the hook of 
the hamate laterally, and the pisiform medially (Fig. 1.11).

 3. The ulnar nerve supplies sensation to the small finger and 
ulnar one-half of the ring finger.
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Fig. 1.4 Bony anatomy of the wrist and hand. (From Miller M. Orthopaedic Surgical Approaches. 2nd ed. New York, NY: Elsevier; 2014, Fig. 4.1.)
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 4. It innervates the intrinsic muscles of the hand, the ulnar 
two lumbricals, and the deep head of the flexor pollicis bre-
vis. It does not innervate the radial two lumbricals and the 
remaining thenar muscles as these are innervated by the 
median nerve.

 5. The nerve branches into a superficial branch and a deep 
branch. The superficial branch provides sensory branches 

to the small and ring fingers and innervates the palmaris 
brevis. The deep branch pierces between the abductor dig-
iti minimi and the flexor digiti minimi to supply the deep 
intrinsics and ulnar two lumbricals (Figs. 1.8 and 1.9). 

 6. The dorsal sensory branch of the ulnar nerve originates 
approximately 7 cm proximal to the wrist crease and pro-
vides sensation to the dorsal aspect of the ulnar palm, 
small finger, and ulnar one-half of the ring finger. This 
nerve can be injured at the ulnar wrist level by either 
arthroscopic portal placement or surgical incision.

 C. Radial nerve
 1. The dorsal sensory radial nerve supplies the dorsal 

aspect of the radial hand, the dorsum of the thumb, and 
dorsal aspect of the radial fingers proximal to the PIP 
joints.

 2. The lateral antebrachial cutaneous nerve (the terminal 
branch of the musculocutaneous nerve) supplies sensory 
branches to the radial aspect of the wrist, which overlaps 
the region supplied by the dorsal radial sensory nerve.

 3. The radial nerve does not innervate any of the intrinsic 
muscles of the hand.

 4. The terminal branch of the posterior interosseous nerve 
(PIN) is contained within the floor of the fourth dorsal 
compartment. It supplies deep sensation to the dorsal wrist 
and is often excised when surgical procedures are done in 
this region for pain relief.

 D. Common and proper digital nerves (see Figs. 1.8 and 1.9)
 1. Common digital nerves are branches from the median and 

ulnar nerves. Proper digital nerves arise from the common 
digital nerves.

 a.  The proper ulnar digital nerve to the small finger arises 
from the ulnar nerve.

 b.  The fourth common digital nerve originates from the 
ulnar nerve. This nerve then divides distally into the 
radial digital nerve to the small finger and the ulnar dig-
ital nerve to the ring finger.

 c.  The remainder of the common digital nerves originate 
from the median nerve.
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interphalangeal
joint

Distal
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Proximal
phalanx
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Fig. 1.5 Dorsal view of the proximal and distal interphalangeal 
joints of a finger. (From Skirven T, Osterman A, Fedorczyk J, Amadio 
P, Felder S, Shin E. Rehabilitation of the Hand and Upper Extremity. 7th 
ed. New York, NY: Elsevier; 2020, Fig. 1.10.)

Metacarpal head is wider on
volar aspect and stretches
collateral ligament in flexion

The longer radius of the metacarpal in
flexion stretches the collateral ligaments

Fig. 1.6 Cam-like action of the collateral ligaments at the metacarpophalangeal joint. (From Chang J, volume ed. Plastic Surgery: Volume 6: 
Hand and Upper Extremity. 4th ed. New York, NY: Elsevier; 2018, Fig. 21.7.)
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 d.  Eighty percent of cadavers showed a communicat-

ing sensory branch between the ring finger radial 
digital nerve (median nerve origin) and the superfi-
cial ulnar nerve.

 e.  There is anatomic variation of the nerve branching 
pattern for the thumb digital nerves and the index 
radial digital nerve (Fig. 1.12).

 2. The digital nerves lie dorsal to the digital arteries in the 
palm. At the level of the digital webspace, the position 
changes, and the digital nerves lie volar to the digital arteries.

 3. The dorsal branches of the digital nerves supply the skin 
distal to the PIP joint in the index, middle, and ring fingers 
and the entire dorsum of the small finger.

A B C D

Adductor
aponeurosis Adductor

aponeurosis

Ulnar
collateral
ligament

Fig. 1.7 Stener lesion of the metacarpophalangeal joint of the thumb.  Image A shows the normal anatomy of the adductor aponeurosis. 
Images B and C show progressive radial deviation of the thumb proximal phalanx in relation to the metacarpal during injury. This results in displace-
ment of the ulnar collateral ligament dorsal to the adductor aponeurosis. This specific injury pattern is called a Stener lesion (Image D). (From Chang 
J, vol. ed. Plastic Surgery: Volume 6: Hand and Upper Extremity. 4th ed. New York, NY: Elsevier; 2019, Fig. 7.19.)
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Fig. 1.8 Palmar view of the superficial neurovascular structures of the palm. (From Skirven T, Osterman A, Fedorczyk J, Amadio P, Felder S, 
Shin E. Rehabilitation of the Hand and Upper Extremity. 7th ed. New York, NY: Elsevier; 2020, Fig. 1.19.)
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Fig. 1.9 Palmar view of the deep neurovascular structures of the palm. (From Skirven T, Osterman A, Fedorczyk J, Amadio P, Felder S, Shin E. 
Rehabilitation of the Hand and Upper Extremity. 7th ed. New York, NY: Elsevier; 2020, Fig. 1.20.)

 A B C

D E

Fig. 1.10 Variations of the recurrent motor branch of the median nerve with respect to the transverse carpal ligament. (A) Extraligamentous 
46%, (B) subligamentous 31%, (C) transligamentous 23%, (D) exiting along the ulnar aspect of the median nerve, (E) lying on top of or superficial to 
the transverse carpal ligament.

 4. Cleland and Grayson ligaments are fascial bands that 
maintain the position of the digital skin on the flexion and 
extension of the finger.

 a.  They originate from the flexor sheath and travel  
dorsal (Cleland [C for ceiling]) and volar (Grayson  

[G for ground]) to the digital neurovascular  
bundles.

 b.  They insert on the digital fascia.
 c.  Grayson ligaments are involved in Dupuytren con-

tracture, but Cleland ligaments are not.
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 5. In the region of the DIP joint, the digital nerves trifurcate 
into branches supplying the finger pulp, fingertip, and dor-
sal nail fold.

Arteries
 1. The hand is most commonly vascularized by a dual supply 

from the radial and ulnar arteries (Figs. 1.8 and 1.9).
 2. The predominant blood supply to the superficial pal-

mar arch is the ulnar artery with minor supply from 
the superficial branch of the radial artery.

 3. The superficial arch is complete, meaning that it sup-
plies branches to all digits, in 80% of individuals.

 4. The predominant blood supply to the deep palmar 
arch is the deep branch of the radial artery with a 
minor supply from the deep branch of the ulnar 
artery.

 5. The deep palmar arch is complete, meaning that it 
supplies branches to all digits, in 97% of individuals.

 6. The superficial palmar arch is more distally located than 
the deep palmar arch.

 7. The common digital arteries arise from the superficial pal-
mar arch.

 a.  The common digital arteries then divide into proper 
digital arteries at the webspaces.

 b.  The proper digital arteries then give off dorsal branches 
distal to the PIP joints.

 c.  Dominant proper digital arteries are found on the 
side of the digit closer to the midline. For the small 
and ring fingers the radial digital artery is domi-
nant. For the index and long fingers the ulnar digital 
artery is dominant.

 8. The palmar metacarpal arteries, three or four in number, 
arise from the deep palmar arch. These then anastomose 
with the common digital arteries branches of the superfi-
cial palmar arch.

 9. The blood supply to the dorsum of the hand is from the 
posterior interosseous artery and the dorsal perforating 
branch of the anterior interosseous artery.

 a.  These arteries form a dorsal carpal arch that gives rise 
to the dorsal metacarpal arteries.

 b.  The dorsal metacarpal arteries supply the skin over the 
dorsum of the proximal phalanges. They are more con-
sistent in the index and long digits than the ring and 
small digits.

 c.  The index and long dorsal metacarpal arteries are 
the vascular pedicles of the first and second dorsal 
metacarpal artery flaps.
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Fig. 1.11 The carpal tunnel is formed by the transverse carpal 
ligament on the volar side and the carpal bones on the floor and 
sides. (From DeLee JC, Drez D Jr. Orthopaedic Sports Medicine: 
Principles and Practice. Vol. 1. Philadelphia: Saunders; 1994:932.) 

B

Fig. 1.12 The three anatomic variations of the index radial digital 
nerve and thumb digital nerves. Sixty-nine percent (A) have a com-
mon digital nerve to the thumb and index finger with a proper digital 
nerve to the radial side of the thumb. Six percent (B) have a common 
digital nerve to the thumb and a radial digital nerve to the index finger. 
Finally, 25% (C) have a trifurcation pattern with proper digital nerves to 
the radial thumb, ulnar thumb, and radial index finger.

C

A
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 10.  The blood supply to the thumb is variable. The most 
common pattern is from the princeps pollicis artery (first 
palmar metacarpal artery), which divides into the proper 
digital arteries.

 11.  The dorsal branch of the radial artery enters the hand between 
the two heads of the first dorsal interosseous muscle.

 12.  Veins of the hands usually follow the deep arterial system 
volarly. Dorsally the superficial veins of the hand contrib-
ute to the basilic and cephalic vein system.

Extensor Tendons
 1. Digital extension occurs through a coordinated effort of the 

extrinsic extensor tendons supplied by the radial nerve and 
the intrinsic system supplied by both the median and ulnar 
nerves.

 2. The extensor indicis proprius (EIP) and the extensor digiti 
minimi (EDM) are independent extrinsic tendons supplying 
the index and small fingers, respectively. These tendons lie 
ulnar to the extensor digitorum communis (EDC) tendons on 
the dorsum of the hand before inserting into the digital exten-
sor dorsal expansion.

 3. Juncturae tendinum interconnect the common digital exten-
sors on the dorsum of the hand.
 a. When present, they prevent independent finger extension.
 b. However, they can allow MP joint extension in the setting 

of a complete single EDC laceration.
 c. They are most constant between the middle and rings 

fingers.
 4. The EDC to the small finger is absent in up to 50% of cadaver 

specimens. When it is absent, it is usually replaced by a junctu-
rae tendinum from the ring finger.

 5. Distal to the MP joint, the EDC divides into three parts.
 a. The central part, called the central slip, continues distally and 

inserts on the dorsal base of the middle phalanx. The central 
slip is joined by contributions from the interosseous mus-
cles before inserting onto the middle phalanx. The primary 
role of the central slip is extension of the PIP joint.

 b. The connections between the central slip and lateral 
bands tether the lateral bands from extending the 
DIP joint when the PIP is flexed, which is the basis 
of the Elson test. If the central slip is injured, there 
is no tether of the lateral bands and the DIP joint can 
be extended despite PIP flexion, leading to a positive 
Elson test (Fig. 1.13).

 c. The two lateral slips of the EDC tendon join the deep head 
of the interosseous and lumbrical muscles to become the 
lateral bands.

 d. The two lateral bands become conjoined over the middle 
phalanx and go on to insert on the base of the dorsum of 
the distal phalanx as the terminal extensor tendon. The 
primary role of this terminal tendon is extension of the 
DIP joint (Fig. 1.14).

Digital Extensor Aponeurosis (Figs. 1.13 and 1.14)
The extensor mechanism has several retinacular structures that 
help stabilize the tendons and aid in digital motion.

 A. Sagittal bands
 1. The extensor tendons at the level of the MP joint are held 

centrally by sagittal bands.
 2. The sagittal bands arise from the volar plate and intermetacar-

pal ligaments volarly and attach to the extensor tendon dorsally.
 3. The sagittal bands hold the extensor tendons centrally 

at the dorsal MP joints.
 4. Disruption of the sagittal bands can lead to extensor 

tendon subluxation into the space between the meta-
carpal heads.

 5. When extensor tendon subluxation occurs, there is incom-
plete extension of the MP joint, and the digit will assume a 
deviated position because of the eccentric line of pull.

 6. The most commonly injured sagittal band is the radial 
sagittal band of the long finger. This can occur as result 
of a traumatic injury to an extended finger or from a 
direct blow, commonly known as boxer’s knuckle.

 7. Attritional lengthening of the radial sagittal bands is 
commonly seen in rheumatoid arthritis. This leads to 
ulnar subluxation of the extensor tendons, with subse-
quent flexion and ulnar deviation posture of the digits.

 B. Transverse and oblique fibers (commonly known as the exten-
sor hood)
 1. These fibers are located distal to the sagittal bands.
 2. The oblique fibers originate from the interossei and lum-

brical muscles.
 3. The transverse fibers facilitate flexion of the MP joint. 

This is in contrast to the sagittal bands, which initiate 
extension of the MP joint.

 C. Transverse retinacular ligament
 1. The transverse retinacular ligament originates from the 

flexor tendon sheath and inserts onto the lateral border of 
the conjoined lateral bands.

 2. It functions to prevent dorsal subluxation of the lateral 
bands.

 3. In cases of chronic boutonnière deformity, the ligament 
contracts, potentiating the volar subluxation of the lateral 
bands and the resultant flexion deformity of the PIP joint.

 4. In cases of chronic swan-neck deformity, the ligament 
becomes attenuated, potentiating the dorsal subluxation of 
the lateral bands and the resultant extension deformity of 
the PIP joint.

Interosseous
tendon

Interosseous

Transverse
metacarpal

ligament

Transverse metacarpal
ligament

Lumbrical
tendon

Lumbrical

Lateral
bandProximal

phalanx

Lateral
band

Proximal
phalanx

Extensor hood

Extensor hood

Sagittal band

Sagittal band

EDC tendon

EDC tendon

Metacarpal

Metacarpal

B

A

Fig. 1.13 (A) Lateral view reflects the soft tissue structures that 
surround and support the metacarpophalangeal (MCP) joint dorsally, 
volarly, and laterally. (B) Dorsal view shows the intricate relationship of 
the extensor mechanism to the dorsal capsule and MCP joint. EDC, 
Extensor digitorum communis. (From Skirven T, Osterman A, Fedorczyk 
J, Amadio P, Felder S, Shin E. Rehabilitation of the Hand and Upper 
Extremity; 7th ed. New York, NY: Elsevier; 2020, Fig. 27.3.)
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Note: Black arrows indicate
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red arrows indicate pull
of interosseous and
lumbrical muscles; dots
indicate axis of
rotation of joints

Fig. 1.14 Extensor mechanism of the fingers. (Reprinted with permission from www.netterimages.com. © Elsevier Inc. All Rights Reserved.)

 D. Oblique retinacular ligament
 1. The oblique retinacular ligament originates from the 

flexor tendon sheath and inserts onto the terminal extensor 
tendon of the extensor mechanism.

 2. It functions to extend the DIP joint through its attachment 
to the terminal tendon when the PIP joint is extended via 
the tenodesis effect. Conversely, it relaxes with PIP joint 
flexion, which then allows DIP flexion to occur.

http://www.netterimages.com
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 3. It maintains DIP extension in patients treated with 
a terminal tendon tenotomy for chronic boutonnière 
deformity (Fowler distal tenotomy).

 4. It also can be used in corrective procedures for chronic 
swan-neck or mallet deformity.

 E. Triangular ligament
 1. The triangular ligament joins the two lateral bands before 

their joining to become the terminal tendon.
 2. It functions to prevent volar subluxation of the lateral bands.

Flexor Tendons
 1. The index, long, ring, and small digits have two flexor tendons 

that originate from forearm muscles.
 a. The only exception is that 25% of people have an absent 

flexor digitorum superficialis (FDS) to the small finger.
 2. Flexion of the PIP and DIP joints is accomplished by two 

independent flexor tendons, the FDS and the flexor digitorum 
profundus (FDP), respectively. This is in contrast to the linked 
extensor mechanism of the finger (Fig. 1.15).
 a. The FDS tendon attaches to the middle phalanx and flexes 

the PIP joint.
 b. The FDS tendon divides into two slips along the proximal 

phalanx to allow passage of the FDP tendon.
 c. The FDS tendon then rejoins dorsal to the FDP ten-

don at the Camper chiasm (named because of crossing 
tendon fibers) before inserting into the middle three-
fifths of the volar shaft of the middle phalanx.

 d. The FDP tendon attaches to the distal phalanx and flexes 
the DIP joint.

 e. The FDP tendons of the long, ring, and small fingers 
originate from a common muscle belly and therefore 
cannot flex each digit independently. The DIP joints 
of the long, ring, and small digits must flex together 
because of this common origin.

 f. Limiting the excursion of the FDP tendon in one of 
these digits by a functional shortening (e.g., advance-
ment during repair of >1 cm, development of adhe-
sions after repair, tendon retraction after laceration) 

will limit the excursion of the other digits as well. This 
is what is known as the quadriga effect.

 g. The FDP tendon of the index finger has an indepen-
dent muscle origin and can therefore flex the index fin-
ger independently.

 3. The thumb has only one extrinsic flexor, the flexor pollicis lon-
gus (FPL), which inserts onto the distal phalanx of the thumb.
 a. The FPL tendon is the most radial tendon in the carpal 

canal.
 4. Up to 9 cm of digital excursion may be needed for composite 

wrist and digital flexion, and 2.5 cm may be required for digi-
tal flexion with the wrist in neutral.

 5. Passive range of motion generates forces of 2 to 4 N in 
digital flexor tendons. Flexion with moderate resistance 
can generate 17 N of force. Thumb to index fingertip 
pinch can generate 120 N of force.

Flexor Tendon Sheath
 1. The flexor tendons travel in the digits through fibro-osseous 

sheaths. The tendon sheaths are composed of fibrous pulleys 
that provide structural stability to the sheath (Fig. 1.16).
 a. There are five annular pulleys and three cruciate pulleys 

for each of the four fingers.
 b. The odd-numbered annular pulleys (A1, A3, and A5) 

arise from the volar plates of the MP, PIP, and DIP joints.
 c. The even-numbered annular pulleys (A2 and A4) arise 

from the periosteum of the proximal and middle pha-
langes, respectively.

 d. The A2 and A4 pulleys are the most important biomechan-
ically because they prevent tendon bowstringing. They 
should be preserved and/or repaired in injury settings.

 e. The orientation of the cruciate pulleys allows them to 
collapse with digital flexion, which prevents “crimp-
ing” of the tendon sheath.

 2. Each finger has palmar aponeurosis pulley, which is a conden-
sation of palmar fascia proximal to the A1 pulley. This pulley 
becomes important mechanically if other pulleys are injured 
or nonfunctional.

Tendons
 of flexor

digitorum
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Flexor 
pollicis 
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Fig. 1.15  Cadaver photo (A) and schematic drawing (B) showing flexor tendon anatomy of the hand.
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 3. The thumb has two annular pulleys (A1 and A2) that over-

lie the volar MP and IP (interphalangeal) joints. It also has 
an oblique pulley that is centered on the proximal phalanx 
and is in continuity with the adductor pollicis insertion. The 
oblique pulley of the thumb is the most important pulley 
in preventing bowstringing.

 4. The sheaths of the index, long, and ring fingers start at the level 
of the metacarpal necks with the palmar aponeurosis pulleys  
and end at the point of insertion of the FDP into the distal 
phalanx.

 5. The sheath of the small finger extends proximal to the wrist 
joint and joins the rest of the digital flexors at the level of the 
carpal tunnel.

 6. The sheath of the FPL of the thumb extends proximal to 
the wrist joint to the level of the pronator quadratus (PQ) 
muscle.

 7. The primary function of the digital sheath is to maintain 
the tendons close to the phalanges. When the tendons are 
close to the axis of the rotation of the finger joints, active 
range of motion of these joints is maximized as a function 

of tendon excursion. If bowstringing occurs, joint range of 
motion is decreased, and digital contractures may develop.

 8. The sheaths are lined by visceral and parietal synovial layers 
that provide nutrition and a smooth gliding surface for the 
flexor tendons.
 a. Synovial cells within the sheath produce synovial fluid, 

which contains nutrients and provides lubrication for the 
flexor tendons.

 b. The nutrients can enter the tendon through diffusion or a 
process call imbibition, whereby the synovial fluid is driven 
mechanically into the tendon parenchyma with digital motion.

 c. The flexor tendons in the hand also have direct vascu-
lar supply through vincula.

 d. Vincula are folds of mesotenon on the dorsal surface 
of the flexor tendons carrying nutrient vessels from 
the digital arteries. There are short (breve) and long 
(longum) vincula for each tendon (Fig. 1.17).

 e. There are other minor contributions to the blood supply of 
the tendons at the musculotendinous junctions and at the 
site of bone insertion via periosteal branches.

A

C

D

B
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Fig. 1.16  Pulley anatomy of the fingers and thumb. “(A) Entire pulley anatomy of the fingers and thumb. (B) Shows specific pulleys of the thumb. 
(C) Shows specific pulleys of the fingers both lateral and volar views. (D) Shows how the finger flexor tendon pulley system functions to allow flexion 
and prevent bowstringing. (From Neligan P. Core Procedures in Plastic Surgery. 2nd ed. New York, NY: Elsevier; 2020, Fig. 22.24.)
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Fascial Spaces of the Hand
 A. Midpalmar space (Fig. 1.18)

 1. The borders of the midpalmar space are:
 a.  volar: the palmar aponeurosis and flexor tendons of the 

long, ring, and small fingers
 b.  dorsal: the fascia of the volar interossei and the metacar-

pals of the long and ring fingers
 c. radial: the midpalmar (oblique) septum
 d. ulnar: the hypothenar septum

 B. Thenar space  (Fig. 1.18)
 1. The borders of the thenar space are:
 a. volar: index flexor tendon
 b. dorsal: adductor pollicis muscle
 c. radial: adductor insertion and thenar muscle fascia
 d. ulnar: oblique septum

 C. Hypothenar space  (Fig. 1.18)
 1. The borders of the hypothenar space are:
 a. volar, ulnar, and dorsal: fascia of the hypothenar musculature
 b. radial: hypothenar septum

 D. Interdigital webspace
 1. The borders of the interdigital webspace are:
 a. volar: palmar fascia
 b. dorsal: dorsal fascia and skin
 c. radial and ulnar: extensor mechanism and MP joint capsule
 2. Infection in this space is termed a collar button abscess.

 E. Parona space
 1. The borders of Parona space are:
 a. volar: digital flexors
 b. dorsal: PQ muscle
 c. radial: radial bursa (FPL sheath)
 d. ulnar: flexor carpi ulnaris muscle
 2. This space can become infected by extension from the radial 

bursa (FPL tendon sheath) or ulnar bursa (usually from the 
flexor tendon sheath of the small finger). This anatomic align-
ment (which occurs in 85% of patients) can result in the devel-
opment of a horseshoe abscess. A horseshoe abscess is a direct 
communication of pus between the FPL sheath, the small fin-
ger flexor sheath, the palm ulnar bursa, and Parona space.

 F. Dorsal subaponeurotic space
 1. The borders of the dorsal subaponeurotic space are:
 a. volar: interosseous muscles and metacarpals
 b. dorsal: extensor tendons

Palmar Fascia
 1. The palmar fascia is a triangular structure in the palm of the hand.
 2. It is a continuation of the deep fascia of the forearm.
 3. The palmaris longus tendon blends into the palmar fascia 

at the level of the distal wrist crease.
 4. The palmar fascia inserts into the skin by strong fibrous 

attachments over its entirety.
 5. The function of the palmar fascia is purely mechanical, 

providing firm attachment to the skin of the palm to 
improve grip while protecting the underlying tendons.

 6. The fascia is also present in the digits and provides the same 
function as in the palm.

 7. Abnormal palmar and digital fascia are the cause of Dupuytren 
contracture. The only exception is that Cleland ligaments are 
not involved with Dupuytren (Fig. 1.19).

Muscles of the Hand and Wrist
See (Table 1.3) for a complete list of the muscles of the hand 
and wrist.

Intrinsic Muscles
 1. The intrinsic muscles of the hand act as flexors of the MP 

joints and extensors of the PIP and DIP joints.

FDP tendon

Vinculum longus
profundus

FDS tendon

Mesotenon

Vincula brevia

Vinculum brevia

Vinculum longus
superficialis

Fig. 1.17 Common configuration of the vincula. (From Neligan P. 
Core Procedures in Plastic Surgery. 2nd ed. New York, NY: Elsevier; 
2020, Fig. 22.26.)
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Fig. 1.18 Cross-sectional diagram of the hand showing the thenar 
space, midpalmar space, hypothenar space, and dorsal subapo-
neurotic space. (Redrawn from Jebson PJ. Deep subfascial space 
infec tions. Hand Clin. 1998;14:557.)

 2. The intrinsic muscles join the extrinsic finger extensors just 
proximal to the PIP joints.
 A. Interossei
 1. There are four dorsal and three palmar interossei.
 2.  Abduction and adduction of the digits are stated relative 

to the long finger axis.
 3. They are innervated by the deep branch of the ulnar nerve.
 4.  The dorsal interossei abduct the digits (dorsal abduct 

total of four muscles [DAB4]).
 5.  The palmar interossei adduct the digits (palmar adduct 

total of three muscles [PAD3]).
 B. Dorsal interossei (Fig. 1.20)
 1.  The first, second, and fourth dorsal interossei have two 

distinct muscle bellies.
 2.  The superficial belly of each originates from the adja-

cent metacarpal shaft and inserts onto the base of the 
respective proximal phalanx.

 3.  The superficial component provides primary abduction 
and weak flexion of the MP joint. However, because 
they have no insertions onto the dorsal aponeurosis, 
they have no effect on the middle or distal phalanx.
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1
 4.  The deep muscle component of the first, second, and 

fourth dorsal interossei originate from the radial side of 
the index and middle metacarpal and the ulnar side of 
the ring metacarpal. They insert onto the dorsal exten-
sor hood through the lateral band.

 5.  The third dorsal interosseous has a single muscle belly that 
inserts onto the dorsal hood of the middle finger. The deep 
head flexes and weakly abducts the MP joint while extend-
ing the PIP and DIP joints through the lateral bands.

 C. Volar (palmar) interossei (Fig. 1.21)
 1.  The three volar interossei arise from the metacarpal 

shafts and insert onto the dorsal hood on the ulnar side of 
the index and the radial sides of the ring and small fingers.

 2.  They adduct the digits through their insertions on 
to the dorsal aponeurosis.

 D. Lumbricals (Fig. 1.22)
 1.  The first and second lumbricals are unipennate and 

arise from the index and long profundus tendons. They 
are innervated by the median nerve.

 2.  The third and fourth are bipennate and arise from the 
ring and small profundus tendons. They are innervated 
by the ulnar nerve.

 3.  The lumbricals insert on the radial side of the 
extensor expansion.

 4.  The lumbricals contribute fibers to the extensor 
hood at the level of the proximal phalanx.

 5.  They act as flexors of the MP joints and extensors 
of the PIP and DIP joints.

 6.  Contraction of the lumbricals relaxes the profundus 
tendon, which facilitates DIP joint extension. The 
lumbricals therefore “relax their own antagonist” 
(Fig. 1.23).

 7.  Unopposed pull of the lumbrical after FDP laceration 
can result in lumbrical plus finger, which is paradoxi-
cal extension of the PIP and DIP joints with attempted 
flexion of the finger.

 E. Interossei and lumbrical tendons
 1.  The interossei and lumbrical tendons join the extensor 

mechanism at the level of the proximal phalanx.
 2.  The interossei lie dorsal to the deep transverse 

metacarpal ligament, and the lumbrical lies volar to 
it (see Fig. 1.13).

 3.  The interossei insert into the proximal phalanx base and 
extensor hood, whereas the lumbrical tendons insert 
into the extensor hood only.

Thenar Muscles
1. Abductor pollicis brevis

 a. Originates from the scaphoid and trapezoid.
 b. Inserts on the radial base of the thumb proximal phalanx 
 c. Innervated by the recurrent motor branch of the median nerve.
 d. Function is to abduct the thumb

2. Opponens pollicis
 a. Originates from the trapezium
 b. Inserts on the radial aspect of the thumb metacarpal
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Fig. 1.19 (A) The normal fascial anatomy of the distal palm and digit. (B) Fascial involvement with Dupuytren. Cleland ligament is not affected by 
Dupuytren. (From Skirven T, Osterman A, Fedorczyk J, Amadio P, Felder S, Shin E. Rehabilitation of the Hand and Upper Extremity. 7th ed. New 
York, NY: Elsevier; 2020, Fig. 18.4.)
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 c. Innervated by the recurrent motor branch of the median nerve
 d. Function is to abduct, flex, and rotate the thumb metacarpal 

3. Flexor pollicis brevis
 a. Originates from the trapezium and capitate. Has both 

superficial and deep heads 
 b. Inserts on the radial base of the thumb proximal phalanx
 c. Has dual innervation. The superficial head is inner-

vated by the recurrent motor branch of the median 
nerve, and the deep head is innervated by the deep 
branch of the ulnar nerve.

 d. Function is to flex the thumb MP joint
4. Adductor pollicis 

 a. Originates from the capitate, index, and long metacarpals
 b. Inserts on the ulnar base of the thumb proximal phalanx
 c. Has both transverse and oblique heads, both innervated by 

deep branch of the ulnar nerve
 d. Function is to adduct the thumb

Hypothenar Muscles
1. Palmaris Brevis

 a. Originates from the transverse carpal ligament and palmar 
aponeurosis

 b. Inserts into the skin on the ulnar border of the palm.
 c. Innervated by the superficial branch of the ulnar nerve
 d. Function is to retract the ulnar palm skin

2. Abductor digiti minimi
 a. Originates from the pisiform
 b. Inserts onto the ulnar side of the small finger proximal pha-

lanx base

 c. Innervated by the deep branch of the ulnar nerve
 d. Function is to abduct the small finger

3. Flexor digiti minimi brevis
 a. Originates from the hamate and transverse carpal  

ligament
 b. Inserts onto the ulnar side of the small finger proximal pha-

lanx base
 c. Innervated by the deep branch of the ulnar nerve
 d. Function is to flex the small finger MP joint

4. Opponens digiti minimi
 a. Originates from the hamate and transverse carpal 

liga ment
 b. Inserts onto the small finger metacarpal
 c. Innervated by the deep branch of the ulnar nerve
 d. Function is to abduct, flex, and rotate the small finger

Anomalous Extensor Muscles of the Hand
 1. Extensor digitorum brevis manus

 a. This is a muscle on the dorsum of the hand deep to the 
extensor retinaculum, which most commonly originates 
from the dorsal wrist capsule and typically inserts into the 
extensor hood of the index or middle finger.

 b. It has a 1% to 9% incidence and is bilateral in 30% of 
cadavers.

 c. It is clinically evident as a lump on the dorsum of the 
hand and is usually asymptomatic.

 d. If this becomes symptomatic and fails conservative treat-
ment, excision of the muscle or extensor retinaculum 
release is recommended.
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Fig. 1.20 Dorsal interossei of the hand (dorsal hand view). (Paulsen F, Waschke J. Sobotta Atlas of Human Anatomy. 16th ed. Munich: Elsevier/
Urban & Fischer; 2018. © Elsevier GmbH, Urban & Fischer, Munich.) 
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WRIST

Osteology

 A. Distal radius
 1. The radial shaft flares distally into the metaphysis and then 

articulates with the distal ulna and the proximal carpal row.

 2. Lister tubercle is a dorsal prominence of the distal radius. 
The EPL tendon courses just ulnar to it.

 3. Lister tubercle is a key landmark in dorsal surgical 
approaches to the wrist and in wrist arthroscopy. It is 
located 1 cm proximal to the scapholunate ligament 
and approximately 1 cm proximal to the three to four 
wrist arthroscopic portal.

 4. The distal articular surface is composed of two concave 
fossae. The smaller lunate fossa is ovoid, and the scaphoid 
fossa is more triangular.

 5. The distal articular surface has 22 degrees of radial 
inclination and 11 degrees of palmar tilt.

 6. The average radial height (longitudinal distance from 
the tip of the radial styloid to most ulnar aspect of the 
distal radius) is 11 mm (Fig. 1.24).

 7. The sigmoid notch articulates with the distal ulna at the 
distal radial ulnar (DRU) joint. This notch is usually con-
cave with an average of 60 degrees arc of curvature.

 8. Ulnar variance refers to the relative lengths of the 
radius and ulna (Fig. 1.25).

 a.  It is the distance between the most ulnar edge of 
the distal radial articular surface and the distal ulnar 
articular surface.

 b.  This distance can be neutral (both articular surfaces are 
at the same level), positive (ulna is more distal), or neg-
ative (ulna is more proximal).

 c.  The ulnar variance usually is more positive with 
forearm pronation and more negative with forearm 
supination.

 d.  The general accepted radiographic view to determine 
ulnar variance is a posteroanterior view with neutral 
forearm rotation.

 9. The distal radius physis appears at 2 years of age and fuses 
at 17 to 20 years.

10. The distal radius is supplied by the radial, ulnar, anterior 
interosseous, and posterior interosseous arteries. The 
intraosseous blood supply has numerous implications for 
local vascularized bone grafts about the carpus.

Fourth palmar interosseous

Second palmar interosseous
Third palmar interosseous

Fig. 1.21 The palmar interossei of the left hand: palmar aspect. 
(Paulsen F, Waschke J. Sobotta Atlas of Human Anatomy. 16th ed. 
Munich: Elsevier/Urban & Fischer; 2018. © Elsevier GmbH, Urban & 
Fischer, Munich.)

Tendons of
flexor digitorum

profundus

Fourth lumbrical

Third lumbrical

Tendons of flexor digitorum profundus

Second lumbrical

First lumbrical

Tendons of
flexor digitorum superficialis

Tendons of
flexor

digitorum
superficialis

Fig. 1.22 Lumbricals of the left hand: palmar aspect. (Paulsen F, Waschke J. Sobotta Atlas of Human Anatomy. 16th ed. Munich: Elsevier/Urban & 
Fischer; 2018. © Elsevier GmbH, Urban & Fischer, Munich.) 
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11. Branches of these arteries are identified by location relative 
to the extensor compartments.

12. The 1,2 intercompartment supraretinacular artery (branch  
of the radial artery) and the 4,5 extensor compartment 
artery (branch of the posterior interosseous artery) are 
the most commonly used pedicles for vascularized bone 
grafts.

 B. Distal ulna
 1. The distal ulna is composed of the ulnar head, the ulnar 

seat, the ulnar styloid, and the fovea.
 2. The ulnar head is inferior to the triangular fibrocartilage 

complex (TFCC).
 3. The ulnar seat is the portion of the distal ulna that articu-

lates with the radius at the sigmoid notch. It has an arc of 
curvature of approximately 105 degrees.

 4. The distal ulnar physis appears at 5 years of age and fuses 
at 20 years of age.

 C. Carpal bones
 1. There are eight carpal bones that are arranged in two rows 

between the metacarpal bases distally and the distal radius 
and ulna (with the intervening TFCC) proximally.

 2. The proximal row is composed of the scaphoid, lunate, tri-
quetrum, and pisiform.

 3. The distal row is composed of the trapezium, trapezoid, 
capitate, and hamate.

 4. The proximal and distal aspects of the carpal bones are 
articular.

 5. The dorsal and volar aspects of the carpal bones are pri-
marily points of ligament attachment and vascular supply.

 6. The scaphoid has five total articulations and has both 
intrinsic and extrinsic ligament attachments.

 7. The scaphoid extends with wrist extension and ulnar devi-
ation and flexes with wrist flexion and radial deviation.

 8. The pisiform is a sesamoid bone within the tendon of the 
flexor carpi ulnaris (FCU). It articulates with the volar sur-
face of the triquetrum.

 9. The hook of the hamate serves as an attachment point for the 
flexor retinaculum, the hypothenar muscles, and the volar 
carpal ligament (which serves as the roof of Guyon canal).

10. Ossification of the carpus usually begins with the capitate 
and ends with the pisiform (Table 1.3).

11. The lunate always articulates with the radius, capitate, tri-
quetrum, and distal radius/TFCC.

Relaxed

Lumbrical muscle

Contracted

FDP

Fig. 1.23 The lumbrical muscles flex the metacarpophalangeal 
joint and extend the proximal interphalangeal joint. FDP, Flexor 
digitorum profundus. (From Trumble TE, ed. Principles of hand Surgery 
and Therapy. Philadelphia: WB Saunders; 2000.)

23°
12 mm

1 mm

11°

A

B
Fig. 1.24 Schematic drawings of the average radial inclination and 
volar tilt of the distal radius. (From Trumble TE, Cornwall R, Budoff 
J, eds. Core Knowledge in Orthopaedics: Hand, Elbow, and Shoulder. 
Philadelphia: Mosby; 2006:89.)

Positive variance Negative variance

Fig. 1.25 Ulnar variance of the distal radius. (From Trumble TE, 
Cornwall R, Budoff J, eds. Core Knowledge in Orthopaedics: Hand, 
Elbow, and Shoulder. Philadelphia: Mosby; 2006:89.)
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1

A B

Fig. 1.26 Midcarpal articulation of two wrists. (A) Shows a type 1 lunate which does not articulate with the hamate. This occurs in approximately 
30% of patients. (B) Shows a type 2 lunate which articulates with the hamate. This occurs in approximately 70% of patients. 

TABLE 1.3 Muscles of the Hand and Wrist

Muscle Origin Insertion Action Innervation

Thenar Muscles

Abductor Pollicis brevis Scaphoid, trapezoid Base of proximal phalanx, 
radial side

Abducting thumb Median nerve

Opponens pollicis Trapezium Thumb metacarpal Abducting, flexing, rotating 
(medially)

Median nerve

Flexor pollicis brevis Trapezium, capitate Base of proximal phalanx, 
radial side

Flexing MCP joint Median, ulnar 
nerves

Adductor pollicis Capitate, second and third 
metacarpals

Base of proximal phalanx, 
ulnar side

Adducting thumb Ulnar nerve

Hypothenar Muscles

Palmaris brevis TCL, palmar aponeurosis Ulnar palm Retracting skin Ulnar nerve

Abductor digiti minimi Pisiform Base of proximal phalanx, 
ulnar side

Abducting small finger Ulnar nerve

Flexor digiti minimi brevis Hamate, TCL Base of proximal phalanx, 
ulnar side

Flexing MCP joint Ulnar nerve

Opponens digiti minimi Hamate, TCL Small-finger metacarpal Abducting, flexing, rotating 
(laterally)

Ulnar nerve

Intrinsic Muscles

Lumbrical Flexor digitorum profundus Lateral bands (radial) Extending proximal 
interphalangeal joint

Median, ulnar 
nerves

Dorsal interosseous Adjacent metacarpals Proximal phalanx base/ 
extensor apparatus

Abducting, flexing MCP joint Ulnar nerve

Volar interosseous Adjacent metacarpals Proximal phalanx base/ 
extensor apparatus

Abducting, flexing MCP joint Ulnar nerve

MCP, Metacarpophalangeal; TCL, transverse carpal ligament.
From Miller MD, Thompson SR, Hart JA. Review of Orthopaedics. 6th ed. New York, NY: Elsevier; 2012, p. 170.

12. Lunate articulation with the hamate is variable. Because 
of this, the lunate has been classified morphologically into 
two types (Fig. 1.26):

 a.  Type 1: The lunate does not articulate with the hamate 
and occurs in approximately 30% of patients.

 b.  Type 2:. The lunate has a medial facet that articulates 
with the hamate and occurs in approximately 70% 
of patients. It has a much higher incidence of lunate/
hamate arthrosis than type 1.

13. Anatomic variants of the carpus can occur.
 a.  Os styloideum is an accessory ossicle at the tip of the radial 

styloid and has an incidence of approximately 1.2%.

 b.  Lunotriquetral coalition is the most common carpal 
coalition and has an incidence of approximately 0.1%.

 c. Anatomic variants are most commonly asymptomatic.

Carpal Blood Supply
 A. Scaphoid (Fig. 1.27)

 1. The main blood supply to the scaphoid is dorsal (70% to 
80%) through the radial artery entering at its dorsal ridge 
at the scaphoid waist.

 2. The volar blood supply (20% to 30%) also arises from the 
radial artery and enters the bone at the scaphoid tubercle.
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 2. It consists of the articular disc, meniscus homologue, 
ulnocarpal ligaments, dorsal and volar radioulnar liga-
ments, and the ECU sheath (Fig. 1.30).

 3. It originates from firm attachments on the medial border of 
the distal radius and inserts onto the base of the ulnar styloid.

 4. The central portion is avascular and will not heal if 
torn, but the peripheral 10% to 40% is well vascular-
ized and therefore has the ability to heal.

 5. The TFCC is approximately 5-mm thick at its ulnar side 
and 2-mm thick at its radial side.

 6. During axial loading the radius carries the majority 
(82%) and the TFCC the minority (18%) of the load 
across the wrist.

 7. Increasing the ulnar variance to +2.5 mm increases the 
load transmission across the TFCC to 42%.

 8. When the TFCC is excised the distal radius load 
increases to 94%.

 E. Thumb carpometacarpal (CMC) joint
 1. The thumb CMC joint is a saddle-shaped or double ging-

lymus joint between the thumb metacarpal base and the 
distal aspect of the trapezium.

 2. The design of this joint allows maximum mobility to place 
the thumb ray at any point in space while also allowing firm 
grip and pinch with the medial four digits.

 3. The radiovolar ligament (which is also known as Kaplan 
beak, volar oblique, deep anterior oblique, or deep ulnar 
ligament) is the primary stabilizer of this joint. Laxity of 
this ligament is felt to be of importance in the development 
of thumb CMC joint arthritis (Fig. 1.31).

 4. The deep anterior oblique ligament is an intracapsular lig-
ament emanating from the volar tubercle of the trapezium 
and inserting on the ulnar volar aspect of the first metacar-
pal. This ligament tightens with pronation, abduction, and 
extension while preventing ulnar and dorsal translation of 
the thumb metacarpal.

 5. Other stabilizers of this joint include the intermetacarpal, 
posterior oblique, ulnar collateral, and dorsoradial ligaments.

 F. Index, long, ring, and small CMC joints
 1. The index and long CMC joints form the central axis of 

the hand and have minimal mobility.
 2. The ring and small CMC joints are mobile, with approxi-

mately 30 degrees of flexion and extension. This mobility 
is very important in grip.

Extensor Tendons
 1. Six distinct synovial sheaths firmly fix the thumb, finger, and 

wrist extensor tendons to the dorsal distal radius (Fig. 1.32).

Fig. 1.28 Schematic representation of I, X, and Y intraosseous 
vascular patterns.

Sigmoid notch is also shallow

Fig. 1.29 Cross-section through distal radial ulnar joint in a 
cadaver. (From Wolfe S, Pederson W, Hotchkiss R, Kozin S, Cohen M. 
Green’s Operative Hand Surgery. 7th ed. New York, NY: Elsevier; 2017,  
Fig. 14-2.)

Dorsal
scaphoid
branch

Radial artery

Radius

Scaphoid

Trapezium

Metacarpal I

Superficial branch
of radial artery

Volar
scaphoid
branch

Fig. 1.27 Doral and volar blood supply to the scaphoid from 
branches of the radial artery. (From Trumble TE, Cornwall R, Budoff 
J, eds. Core Knowledge in Orthopaedics: Hand, Elbow, and Shoulder. 
Philadelphia: Mosby; 2006:117.)

 3. As a result, the blood supply to the proximal pole of the 
scaphoid is retrograde and can lead to avascular necrosis 
with injury/fracture.

 B. Lunate
 1. The lunate receives its blood supply from both dorsal and 

volar (80% of the time) or volar alone (20% of the time).
 2. There are three patterns of intraosseous blood supply 

for the lunate (Fig. 1.28).
 3. Kienböck disease is the compromise of vascular supply 

to the lunate resulting in avascular necrosis.

Arthrology
 A. Radiocarpal joint

 1. The radiocarpal joint is an ellipsoid biaxial joint.
 2. It allows flexion, extension, radial deviation, and ulnar deviation.
 3. This occurs through a complex combination of muscle 

contraction, intrinsic and extrinsic ligament constraints, 
and intraarticular motion.

 B. Intercarpal joint
 1. The distal carpal row articulates with the proximal carpal row.
 2. These articulations are reinforced by the palmar and dorsal 

intercarpal ligaments and carpal collateral ligaments.
 C. DRU joint

 1. The DRU joint is a trochoid or pivot joint.
 2. The bony components include the sigmoid notch of the 

distal radius and the ulnar head and seat.
 3. There is a mismatch in the radius of curvature of the 

articular surfaces of the distal radius and ulna (Fig. 1.29).
 4. This mismatch leads to a combination of rolling, slid-

ing, and gliding of the DRU joint with pronation and 
supination.

 D. TFCC
 1. The TFCC provides the primary stability of the DRU joint 

and also contributes to ulnocarpal stability.
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Fig. 1.30 Anatomy of the triangular fibrocartilage complex. (Miller MD, Thompson SR, Hart JA. Review of Orthopaedics. 6th ed. New York, NY: 
Elsevier; 2012, Fig. 7.32.)
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Fig. 1.31 (A) Posterior and (B) anterior view of ligamentous anatomy of the thumb metacarpal joint. AOL, anterior oblique ligament; APL, abductor 
pollicis longus; DRL, dorsal radial ligamen; ECRL, extensor carpi radialis longus; FCR, flexor carpi radialis; IML, intermetacarpal ligament; MI, first 
metacarpal; MII, second metacarpal; MIII, third metacarpal; POL, posterior oblique ligament; TCL, transverse carpal ligament; UCL, ulnar collateral 
ligament. (From Wolfe SW, Hotchkiss RN, Pederson EC, eds. Green’s Operative Surgery. 7th ed. Elsevier; 2017, Fig 11-16AB, used with permission 
of Mayo Foundation for Medical Education and Research. All rights reserved.)
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Posterior (dorsal) view
Extensor carpi ulnaris – Compartment 6

Extensor digiti minimi – Compartment 5

Extensor digitorum
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Extensor pollicis longus – Compartment 3
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Radial artery in anatomical snuffbox
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Fig. 1.32 Extensor retinaculum and extensor compartments. (Reprinted with permission from www.netterimages.com. © Elsevier Inc. All Rights 
Reserved.)

http://www.netterimages.com
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 2. The anatomic snuffbox is a space located on the radial 

aspect of the wrist. This space is bordered by the extensor 
pollicis longus tendon (EPL) dorsally, the abductor polli-
cis longus tendon (APL) and the extensor pollicis brevis 
tendon (EPB) volarly, and the radial styloid proximally.

 3. The scaphoid bone is at the floor of the anatomic snuff-
box. Significant tenderness in this spot can be indicative 
of a scaphoid fracture.

Compartments (Fig. 1.32)
 1. The first dorsal compartment contains the APL and EPB 

tendons.
 a. The first dorsal compartment tendons can have variabil-

ity in the number of slips of tendons. The most common 
 anatomy, however, is two slips of the APL and one slip of 
the EPB.

 b. In 24% to 34% of wrists, the EPB tendon has a separate 
compartment.

 c. de Quervain tenosynovitis is a condition in which the 
sheath of the first dorsal compartment becomes thick-
ened and inflamed. This can cause significant pain and 
dysfunction.

 2. The second dorsal compartment contains the two radial wrist 
extensors. The extensor carpi radialis brevis tendon (ECRB) 
inserts on the dorsal base of the long metacarpal, and the 
extensor carpi radialis longus tendon (ECRL) inserts on the 
dorsal base of the index metacarpal. Pain and dysfunction from 
inflammation of this compartment at its intersection with the 
dorsally crossing third extensor compartment is known as 
intersection syndrome.

 3. The third dorsal compartment contains the EPL. This com-
partment is usually opened and the EPL tendon retracted 
radially in the dorsal surgical approach to the wrist.

 4. The fourth dorsal compartment contains the four EDC ten-
dons and the EIP tendon. The PIN is located on the floor of 
the fourth dorsal compartment.

 5. The fifth dorsal compartment contains the EDM tendon.
 6. The sixth dorsal compartment contains the extensor 

carpi ulnaris (ECU) tendon. Disruption of the ECU ten-
don sheath can result in painful subluxation or dislocation 
of the ECU tendon.

Flexor Tendons
 1. There are three tendons that are not present within the carpal 

tunnel (Fig. 1.33).
 a. The flexor carpi ulnaris tendon inserts onto the pisiform, 

hamate, and base of fifth metacarpal. It serves to flex and 
adduct the wrist.

 b. The flexor carpi radialis tendon enters a fibro-osseous tun-
nel just proximal to the trapezium. It then inserts onto the 
trapezial tuberosity, volar surface of the second metacarpal, 
and it also has a small slip inserting onto the third metacar-
pal. It serves to flex and abduct the wrist.

 c. The palmaris longus is present in 80% to 85% of indi-
viduals and often is used as a tendon graft in hand 
procedures.

 2. The carpal tunnel contains nine tendons and the median nerve 
(Fig. 1.33).
 a. The FPL tendon, the four FDS tendons, and the four FDP 

tendons are present in the carpal tunnel.
 b. The FPL is the most radial structure in the carpal  

tunnel.
 c. The long and ring FDS tendons are volar to the index and 

small FDS tendons.

 d. The Linburg-Comstock anomaly is an interconnection 
between the FPL tendon and the index FDP tendon, which 
usually occurs in the forearm. Patients will flex both the 
thumb IP joint and index DIP joint simultaneously when 
attempting to flex just one of these joints actively. This 
anomaly is present unilaterally in 25% to 30% of patients 
and bilaterally in 5% to 15% of patients.

MUSCLES OF THE HAND AND WRIST

Ligament
 A. Extrinsic ligaments (Fig. 1.34)

 • These bridge the carpal bones to the radius or metacarpals 
and are present both volar and dorsal.

 • Volar ligaments are stronger than dorsal ligaments.
 1. Dorsal radiocarpal ligaments

 a.  Dorsal radiocarpal ligaments consist of the radios-
caphoid (RS) and the radiotriquetral (RT) ligaments 
and the dorsal intercalated ligament (DIL).

 b.  These ligaments are felt to stabilize the scaphoid 
dorsally and prevent its dorsal subluxation.

 2. Palmar radiocarpal ligaments
 a.  The RS ligament and the radioscaphocapitate (RSC) 

ligament are the most radial palmar ligaments. If 
these ligaments are compromised (such as with an 
aggressive radial styloidectomy or injured during a 
proximal row carpectomy), ulnar translocation of 
the carpus can occur. These are normally transected 
when performing a volar approach to the scaphoid 
and must be repaired.

 b.  The long radiolunate (LRL) ligament stabilizes the 
radius to the lunate.

 c.  The RSL (also known as the ligament of Testut and 
Kuentz) does not add mechanical strength. If func-
tions as a conduit for the neurovascular bundle.

 d.  The short radiolunate (SRL) ligament along with the 
LRL serve as the primary restraint to lunate disloca-
tion in perilunate dislocation.

 3. Ulnocarpal ligaments
 a.  The ulnocapitate ligament originates from the fovea 

of the ulnar head and reinforces the lunotriquetral 
interosseous ligament prior to its insertion before 
interdigitating with the RSC ligament at its insertion.

 b.  The ulnotriquetral and ulnolunate ligaments facil-
itate forearm rotation (stabilizing the DRU joint) 
while maintaining ulnocarpal instability.

 4. DRU ligaments (see Fig. 1.30)
 a.  The dorsal and volar radioulnar ligaments originate 

from the dorsal and palmar aspect of the sigmoid 
notch and insert in the base of the ulnar styloid.

 b.  The major constraint to dorsal translation of the dis-
tal ulna relative to the radius is the palmar radioulnar 
ligament.

 c.  The major constraint to palmar translation of the 
distal ulna relative to the radius is the dorsal radioul-
nar ligament.

 d.  Only 20% of the DRU joint constraint is provided 
by the articular contact of the radius and ulna.

 B. Intrinsic ligaments
 1. Scapholunate interosseous ligament
 a.  This ligament is C-shaped and covers the dorsal, proxi-

mal, and palmar aspects of the articulation.
 b.  The dorsal scapholunate interosseous ligament is the 

thickest, strongest, and most important direct stabilizer 
of the joint.
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TABLE 1.4 Timing of Carpal Bone Ossification

Carpal Bone Age of Ossification

Capitate, hamate Fourth to fifth months of life

Triquetrum Second year of life

Lunate Fourth year of life

Scaphoid Fourth to fifth years of life (ossification begins 
distally and progresses proximally)

Trapezium, 
trapezoid

Fifth year of life

Pisiform Ninth year of life or later

Flexor retinaculum

Transverse carpal ligament

Palmaris longus

Median nerve

Flexor carpi ulnaris

Flexor digitorum superficialis

Ulnar artery

Ulnar nerve

FDS
Ulnar artery

FCU

Pisiform

Triquetrum

Ulnar nerveFDP

FPL

Radial artery
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Palmaris longus
Median nerve

Hamate

Capitate

Trapezium

Trapezoid

Flexor digitorum profundus

Flexor pollicis longus

Radial artery

Flexor carpi radialis

Fig. 1.33 Medial nerve, digital flexor tendons, and the flexor pollicis longus pass through the carpal tunnel. FCR, Flexor carpi radialis; FCU, 
flexor carpi ulnaris; FDP, flexor digitorum profundus; FDS, flexor digitorum superficialis; FPL, flexor pollicis longus. (From Trumble TE, ed. Principles 
of Hand Surgery and Therapy, Philadelphia: WB Saunders; 2000.) 

 c.  The proximal membranous portion is composed of fibro-
cartilage without longitudinal collagen organization.

 2. Lunotriquetral interosseous ligament
 a.  This ligament has a C shape similar to the scapholunate 

interosseous ligament.
 b.  The palmar lunotriquetral interosseous ligament is the 

strongest component.
 3. Distal carpal interosseous ligaments
 a.  These ligaments consist of dorsal, palmar, and deep 

ligaments.

Kinematics
 1. The capitate is considered the center of rotation of the wrist joint.
 2. The musculotendinous units that move the wrist attach to the 

metacarpals primarily.
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 3. There are no direct tendinous attachments to the proximal 
carpal row.

 4. Wrist flexion and extension occur equally through the 
radiocarpal and midcarpal joints.

 5. The scaphoid, lunate, and capitate all move in the same 
plane synchronously with wrist palmar flexion and dorsi-
flexion (Fig. 1.35).

 6. Radial-ulnar deviation occurs 60% through the midcarpal 
and 40% through the radiocarpal joint.

 7. The scaphoid and lunate palmar flex with radial deviation 
and dorsiflex with ulnar deviation (Fig. 1.36).

FOREARM

Osteology
 A. Radius and ulna

 1. The forearm contains two long bones that articulate with 
each other at the proximal and distal radioulnar joints.
a. Distally, they articulate with the carpus via the radiocar-

pal and ulnocarpal joint.

b. Proximally, they articulate with the distal humerus via 
the radiocapitellar joint and the ulnohumeral joint.

 B. Radius
 1. The radius has two articular surfaces with an intervening 

shaft.
 2. Proximally, the biceps inserts on the radial, or bicipital, 

tuberosity.
 3. The bicipital tuberosity is located 180 degrees from 

the radial styloid.
 4. The proximal radius growth plate appears at age 5 and 

fuses between 15 and 18 years of age.
 C. Ulna

 1. The ulna is a long, largely triangular bone with a subcuta-
neous border.

 2. Proximally it flares into two processes, the olecranon and 
the coracoid.

 3. The ulnar styloid and coronoid process lie 180 degrees 
from each other.

 4. The olecranon apophysis appears at age 10 and fuses at 16 
years of age.

 5. Distally, the ulnar head articulates with the sigmoid notch 
of the radius at the DRU joint.
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Fig. 1.34 (A and B) Ligaments of the wrist. (From Magee D. Orthopedic Physical Assessment. 6th ed. New York, NY: Elsevier; 2014, Fig. 7.3.)
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Arthrology
 1. The longitudinal axis of the forearm extends from the center 

of the radial head proximally to the head of the ulna distally.
 2. With pronation and supination, the radius rotates and trans-

lates around a fixed ulna.
 3. The proximal radioulnar joint is composed of the radial head 

and the lesser (semilunar) notch of the ulna.
 a. The radial head is stabilized to the ulnar notch by the 

annular ligament.
 b. The cylindrical shape of the proximal radius allows for 

rotation to occur proximally, which translates to the distal 
radius moving anteromedially and crossing over the ulna to 
allow pronation.

 c. The ulna is a load-bearing bone, which allows for the radius 
to freely rotate. The radius has an anterior bow, which aids 
in its rotation around the ulna.

Nerves
 A. Cutaneous nerves (Fig. 1.37)

 1. The lateral antebrachial cutaneous nerve is the continua-
tion of the musculocutaneous nerve. In the proximal fore-
arm, it is lateral to the cephalic vein.

 2. The medial antebrachial cutaneous nerve is a branch 
of the medial cord of the brachial plexus. Its branches 
are variable, but they are at particular risk in medial 
approaches to the elbow and ulnar nerve decompression/
transposition. It provides sensation to the anteromedial 
forearm.

 3. The posterior antebrachial cutaneous nerve is a branch of 
the radial nerve and provides sensory innervation the pos-
terior aspect of the forearm.

 B. Radial nerve (Fig. 1.37 and 1.38)
 1. The radial nerve enters the arm anterior to the lateral epi-

condyle after piercing the lateral intermuscular septum 
approximately 10 cm above the epicondyle. It exits between 
the brachialis and the brachioradialis (BR).

 2. The radial nerve splits into the superficial radial nerve or 
radial sensory nerve (RSN) and the PIN 1 to 3 cm distal to 
the lateral epicondyle.

 3. Innervation to the ECRB is via the radial nerve proper 
(15%), PIN (50%), or the RSN (35%). This is significant 
in surgical cases of lateral epicondylitis.

 4. The PIN travels under the leading edge of the ECRB ten-
don, the arcade of Frohse (proximal edge of the supinator), 
and between the superficial and deep heads of the supinator.

 a.  The PIN is at risk during approaches to the proximal 
radius.

 b.  The order of PIN muscle innervation is the BR, ECRL, 
ECRB, supinator, EDC, ECU, extensor digitorum min-
imi (ECM), APL, EPB, EPL, and EIP.

 5. The RSN passes through the distal forearm between the 
BR and the ECRL. Its terminal branches end at the radial 
wrist and lie deep to the cephalic vein.

 C. Median nerve (Fig. 1.37)
 1. The median nerve is formed from branches of the medial 

and lateral cords of the brachial plexus. It receives contri-
butions form the entire plexus, including C5-T1.

 2. It lies medial to the brachial artery at the elbow before 
passing between the deep and superficial heads of the 
pronator teres (PT) muscle. It then runs in the fore-
arm between the FDP and FDS muscle bellies.

 3. Distally, it emerges lateral to the palmaris longus (PL) and 
medial to the flexor carpi radialis (FCR) tendons.

 4. The anterior interosseous nerve (AIN) branches from 
the lateral aspect of the median nerve at the level of 
the two heads of the PT.

 a. It runs between the FPL and the FDP.
 b.  It innervates the FPL, FDP to the index and long fin-

gers, and PQ muscles.
 5. The palmar cutaneous branch of the median nerve arises 

from the lateral aspect of the median nerve 0 to 5 cm prox-
imal to the flexor wrist crease. It supplies sensation to the 
thenar skin.
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C
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B

Fig. 1.35 Schematic of carpal bone motion during wrist (A) palmar 
flexion and (B) dorsiflexion. C, Capitate; S, Scaphoid; R, Radius. (From 
Skirven T, Osterman A, Fedorczyk J, Amadio P, Felder S, Shin E. 
Rehabilitation of the Hand and Upper Extremity. 7th ed. New York, NY: 
Elsevier; 2020, Fig. 2.9.)
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Fig. 1.36 Schematic of carpal bone motion during wrist (A) radial 
deviation and (B) ulnar deviation. C, Capitate; S, Scaphoid; R, Radius. 
(From Skirven T, Osterman A, Fedorczyk J, Amadio P, Felder S, Shin E. 
Rehabilitation of the Hand and Upper Extremity. 7th ed. New York, NY: 
Elsevier; 2020, Fig. 2.10.)
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Fig. 1.37 Anatomy of the volar forearm. (A) Shows the superficial layer. (B) Shows the deep layer. (C) Shows the interosseous membrane and 
arteries. (From Drake RL, Vogl AW, Mitchell AWXM. Upper limb. In: Drake R, Vogl AW, Mitchell AWM, Tibbitts R, Richardson PE. Gray’s Atlas of 
Anatomy. 3rd ed. New York, NY: Elsevier; 2021:385–476.)
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Fig. 1.38 Anatomy of the posterior forearm. (A) Shows the superficial layer. (B) Shows an anterior view of the elbow to highlight the course of 
the radial nerve. (C) Shows the interosseous deep layer. (D) Shows the interosseous membrane and arteries. (From Drake RL, Vogl AW, Mitchell 
AWM. Upper limb. In: Drake R, Vogl AW, Mitchell AWM, Tibbitts R, Richardson PE, eds. Gray’s Atlas of Anatomy. 3rd ed. New York, NY: Elsevier; 
2021:385–476.)
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 D. Ulnar nerve (Fig. 1.37)

 1.  The ulnar nerve is the continuation of the medial cord of 
the brachial plexus after it has given off its contributions to 
the median nerve. It receives contributions from C7, C8, 
and T1 cervical roots of the brachial plexus.

 2. The ulnar nerve at the level of the elbow lies in the 
cubital tunnel between Osborne ligament (which 
forms the roof of the cubital tunnel) and the medial 
collateral ligament (which forms the floor of the cubi-
tal tunnel).

 3. It then passes between the two heads of the FCU 
(known as the arcuate ligament) and then between the 
FDP and FCU muscles.

 4. The nerve then becomes more superficial about 12 cm 
distal to the medial epicondyle.
a. At this point, it travels with the ulnar artery.

 5. The dorsal sensory branch of the ulnar nerve then 
emerges from beneath the FCU approximately 5 cm 
proximal to the pisiform.

 6. An accessory muscle overlying the ulnar nerve at the 
level of the cubital tunnel is called the anconeus epi-
trochlearis and is present in 11% of patients.

 E. Anastomoses
 1. Martin-Gruber anastomoses
 a. Present in 10% to 25% of the population
 b.  Motor connection between the median and ulnar 

nerves, which occurs in the forearm
 c.  Most commonly a median nerve or AIN connection to 

the ulnar nerve
 d.  Can lead to an underestimation of an ulnar nerve injury 

because of the median nerve contribution to tradition-
ally ulnar-innervated muscles

 2. Riche-Cannieu anastomoses
 a.  Motor interconnections between the recurrent branch 

of the median nerve and the deep branch of the ulnar 
nerve

 b.  Can result in ulnar nerve motor innervation to normally 
median nerve innervated muscles and vice versa

Arteries
The brachial artery enters the anterior elbow at the cubital fossa 
between the pronator teres and the BR. It divides into the radial 
and ulnar arteries at the level of the radial neck.
 A. Ulnar artery (Fig. 1.37 and 1.38)

 1. The ulnar artery is the larger of the two branches.
 2. The ulnar artery lies between the FDS and FDP muscula-

ture in the proximal forearm. Distally, it lies on the volar 
surface of the FDP and then courses between the FDS and 
FCU tendons.

 3. The ulnar artery then gives off the common interosseous 
artery that divides into two branches, the anterior interos-
seous artery and the posterior interosseous artery.

 4. After giving off these branches, the ulnar artery then travels 
along the radial side of the FCU tendon with the ulnar nerve.

 5. The ulnar artery lies radial to the ulnar nerve at the level of 
the wrist.

 B. Radial artery (Fig. 1.37 and 1.38)
 1. The radial artery runs on the PT beneath the BR.
 2. It then continues to the wrist, where it courses lateral to the 

FCR.

Interosseous Membrane
 1. The antebrachial interosseous membrane (IOM) has been 

described as a quadrangular sheath that extends from the 
radius to the ulna. It divides the anterior and posterior 
compartments of the forearm.

 2. The IOM acts to stabilize the radius to the ulna.
 3. There are five ligaments that make up the IOM: (Fig. 1.39)

 a. proximal oblique cord, also known as the ligament of 
Weitbrecht

 b. dorsal oblique accessory cord
 c. accessory bands
 d. central band
 e. distal oblique bundle

 4. With the exception of the proximal portion of the IOM (com-
posed of the proximal oblique cord and dorsal oblique acces-
sory cord), most of the fibers of the IOM are directed from the 
proximal radius to the distal ulna.

 5. The middle portion of the IOM (composed of the acces-
sory bands and central band) is responsible for 71% of 
longitudinal stiffness after radial head excision.

 6. Other functions of the middle portion of the IOM include:
 a. load transfer from the radius to the ulna
 b. providing the origin for flexor and extensor musculature
 c. allowing maintenance of longitudinal forearm stability 

(when disrupted results in the Essex-Lopresti injury)
 d. allowing support during forearm rotation

MUSCLES OF THE FOREARM
 1. The musculotendinous units of the forearm are arranged in 

layers (Table 1.5).
 2. The dorsal and volar musculature are separated by the IOM.

Distal oblique
cord (DOB)

Accessory
band (AB)

Accessory
band (AB)

Central
band (CB)

Dorsal oblique
accessory cord

Proximal oblique
cord

Ulna Radius

Dorsal
membranous

portion

Middle
ligamentous

portion

Proximal
membranous

portion

Fig. 1.39 The interosseous membrane of the forearm. (Reproduced 
with permission of Elsevier from Noda K, Goro A, Murase T, et al. 
Interosseous membrane of the forearm: an anatomical study of liga-
ment. J Hand Surg [Am]. 2009;34:415–422.)
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 3. The dorsal surface contains the extensor musculature and the 
volar surface contains the flexor musculature.
 A. Anterior (Figs. 1.40, 1.41, and 1.42)
 1. Superficial
 2. Intermediate
 3. Deep
 B. Posterior (Figs. 1.43 and 1.44)
 1. Superficial
 2. Deep

BRACHIAL PLEXUS
 1. The peripheral nerves that innervate the upper extremity 

originate from the nerve roots C5 through T1. They then 
converge and communicate to form the brachial plexus.

 2. The brachial plexus lies beneath the clavicle, between the 
anterior and medial scalene muscles.

 3. There are five subdivisions of the brachial plexus (Fig. 1.45):
 a. roots
 b. trunks

TABLE 1.5 Muscles of the Forearm

Muscle Origin Insertion Action Innervation

Superficial Anterior

Pronator teres Medial epicondyle and coronoid Midlateral radius Pronating, flexing 
forearm

Median nerve

Flexor carpi radialis Medial epicondyle Second and third 
metacarpal bases

Flexing wrist Median nerve

Palmaris longus Medial epicondyle Palmar aponeurosis Flexing wrist Median nerve
Flexor carpi ulnaris Medial epicondyle and posterior 

ulna
Pisiform Flexing wrist Ulnar nerve

Intermediate Anterior 

Flexor digitorum 
superficialis

Medial epicondyle, proximal anterior 
ulna and anterior radius

Base of middle phalanges Flexing PIP joint Median nerve

Deep Anterior

Flexor digitorum 
profundus

Anterior and medial ulna Base of distal phalanges Flexing DIP joint Median: anterior 
interosseous/ulnar nerves

Flexor pollicis longus Anterior and lateral radius Base of distal phalanges Flexing IP joint, 
thumb

Median: anterior interosseous 
nerve

Pronator quadratus Distal ulna Volar radius Pronating hand Median: anterior interosseous 
nerve

Superficial Posterior

Brachioradialis Lateral supracondylar humerus Lateral distal radius Flexing forearm Radial nerve
Extensor carpi radialis 

longus
Lateral supracondylar humerus Second metacarpal base Extending wrist Radial nerve

Extensor carpi radialis 
brevis

Lateral epicondyle of humerus Third metacarpal base Extending wrist Radial nerve

Anconeus Lateral epicondyle of humerus Proximal dorsal ulna Extending forearm Radial nerve
Extensor digitorum Lateral epicondyle of humerus Extensor aponeurosis Extending digits Radial: posterior interosseous 

nerve
Extensor digiti minimi Common extensor tendon Small finger extensor carpi 

ulnaris
Extending small 

finger
Radial: posterior interosseous 

nerve
Extensor carpi ulnaris Lateral epicondyle of humerus Firth metacarpal base Extending/adducting 

hand
Radial: posterior interosseous 

nerve

Deep Posterior

Supinator Lateral epicondyle of humerus, ulna Dorsolateral radius Supinating forearm Radial: posterior interosseous 
nerve

Abductors pollicis 
longus

Dorsal ulna/radius First metacarpal base Abducting/extending 
thumb

Radial: posterior interosseous 
nerve

Extensor pollicis brevis Dorsal radius Thumb proximal phalanx 
base

Extending thumb 
MCP joint

Radial: posterior interosseous 
nerve

Extensor pollicis longus Dorsolateral ulna Thumb dorsal phalanx base Extending thumb IP 
joint

Radial: posterior interosseous 
nerve

Extensor indicis proprius Dorsolateral ulna Index finger extensor 
apparatus (ulnarly)

Extending index 
finger

Radial: posterior interosseous 
nerve

DIP, Distal interphalangeal joint; IP, interphalangeal joint; MCP, metacarpophalangeal joint; PIP, proximal interphalangeal joint.
From Miller MD, Thompson SR, Hart JA. Review of Orthopaedics. 6th ed. New York, NY: Elsevier; 2012:162.
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Fig. 1.40 (A) Superficial musculotendinous layer of the anterior forearm. (B) Shows both the humeral and ulnar insertion sites of the ulnar head of the 
flexor carpi ulnaris. (From Drake RL, Vogl AW, Mitchell WM. Upper limb. In: Gray’s Anatomy for Students. 4th ed. New York, NY: Elsevier; 2019, Fig. 7.85.)
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Fig. 1.41 Intermediate musculotendinous layer of the anterior 
forearm. (From Drake RL, Vogl AW, Mitchell WM. Upper limb. In: Gray’s 
Anatomy for Students. 4th ed. New York, NY: Elsevier; 2019, Fig. 7.86.)
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Fig. 1.42 Deep musculotendinous layer of the anterior forearm. 
(From Drake RL, Vogl AW, Mitchell WM. Upper limb. In: Gray’s Anatomy 
for Students. 4th ed. New York, NY: Elsevier; 2019, Fig. 7.87.)
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Fig. 1.43 (A) Shows a volar view of the brachioradialis, which is considered a superficial posterior muscle. Note its broad origin on the distal 
humerus and insertion onto the radial styloid. (B) Shows a dorsal view of the superficial (From Drake RL, Vogl AW, Mitchell WM. Upper limb. In: 
Gray’s Anatomy for Students. 4th ed. New York, NY: Elsevier; 2019, Fig. 7.90.)
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Fig. 1.44 (A) Shows a volar view of the superficial and deep layers of the supinator. (B) Shows the deep musculotendinous layer of the posterior 
forearm. (C) Shows the superficial musculotendinous layer of the posterior forearm to highlight the relationship of the superficial and deep layers. 
(From Drake RL, Vogl AW, Mitchell WM. Upper limb. In: Gray’s Anatomy for Students. 4th ed. New York, NY: Elsevier; 2019, Fig. 7.91.)
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 c. divisions
 d. cords
 e. terminal branches

 4. There are five roots (C5-T1, with minor contributions 
form C4 and T2), three trunks (upper, middle, lower), six 
 divisions (anterior and posterior divisions of each trunk), three 
cords (posterior, lateral, medial), and five terminal branches 
(musculocutaneous, axillary, radial, median, and, ulnar  
nerves).

 5. There are no nerve branches of the brachial plexus at the level 
of the divisions.

 6. A prefixed brachial plexus has a large C4 contribution but no 
contribution from T1.

 7. A postfixed brachial plexus lacks a C5 contribution but has a 
T2 contribution.

COMMON SURGICAL APPROACHES OF THE WRIST, 
HAND, AND FOREARM
See Tables 1.6 and 1.7 for list of common wrist and forearm 
approaches.
 A. Approaches to the fingers

 1. Volar
 a.  The skin is incised in a zigzag fashion at 90 degree 

angles to each other to minimize risk of scar contracture 
causing a flexion deformity of the digit.

 b.  The flexor tendon sheath can be incised longitudinally 
to access the tendon.

 c. Structures at risk:
 •  The neurovascular bundles on either side of the 

tendons are avoided by staying centrally on the 
flexor sheath.

 d.  Skin necrosis can be avoided by making 90 degree 
angle skin incisions at the flexor crease. Do not 
make angles less than 90 degrees as this increases 
the risk of skin necrosis.

 e.  Large skin flaps must be raised to minimize the risk 
of skin necrosis.

 2. Midlateral
 a.  Longitudinal incision just posterior to the flexion crease 

and dorsal to the volar neurovascular bundle.
 3. Dorsal
 a.  Usually either straight or can be curved around the  

dorsal PIP and DIP joints.
 B. Dorsal approach to the metacarpals

 1. The approach is centered directly dorsal to the fractured 
metacarpal.

 2. It can also be made between the metacarpals if two or more 
are fractured.

 C. Approach to the carpal tunnel (Fig. 1.46)
 1. The skin incision is made just ulnar to the thenar crease. 

The incision is usually aligned with the ulnar border of the 
ring finger.

 2. The deep dissection involves splitting of the superficial 
palmar fascia, followed by longitudinal incision of the 
transverse carpal ligament (TCL).
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Fig. 1.45 The brachial plexus.

TABLE 1.6 Surgical Approaches to the Wrist

Approach Interval Structures at Risk

Dorsal wrist Third (extensor 
pollicis longus) and 
fourth (extensor 
digitorum communis) 
compartments

Transection of the 
innervation of 
the posterior 
interosseous nerve to 
the wrist capsule can 
be performed

Volar wrist Flexor carpi radialis Palmar cutaneous 
branch of median 
nerve

Volar scaphoid Flexor carpi radialis and 
radial artery

Radial artery

Dorsolateral 
scaphoid

First and third 
compartments

Superficial radial nerve 
and radial artery

From Miller MD, Thompson SR, Hart JA. Review of Orthopaedics. 6th 
ed. New York, NY: Elsevier; 2012:174.
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 3. Structures at risk:
 a.  The median nerve is avoided with very careful dissec-

tion through the TCL.
 b.  The palmar cutaneous branch of the median nerve can 

be injured 5 cm proximal to the volar wrist crease if the 
incision is continued proximally.

 c.  The recurrent motor branch of the median nerve is at 
risk during incision of the TCL. This dissection should 
be carried out ulnar to the median nerve to minimize 
risk of injury. Be aware of anatomic variations of this 
nerve branch (see Fig. 1.10).

 d.  The superficial palmar arch can be injured at the distal 
extent of the volar incision.

 D. Dorsal approach to the wrist
 1. The skin incision is made beginning proximal to the wrist 

crease between the radial and ulnar styloids.
 2. The extensor retinaculum is then incised. The location of 

the retinaculum incision depends on which dorsal wrist 
compartment needs to be accessed.

 a.  If the goal is to access the wrist joint, either incise the 
third dorsal compartment (contains the EPL) or 

Recurrent motor
branch, median nerve

Hamate
hook

Pisiform Palmaris
longus

Kaplan’s
cardinal line

Palmar
fascia

B

A

Transverse
carpal ligament

Fig. 1.46 The stepwise approach to surgical release of the carpal tunnel. (A) Shows the normal landmarks and skin incision. (B) Shows the 
layer of palmar fascia just under the skin. (C) Shows the transverse carpal ligament partially released. (From Miller M, Chhabra A, Browne J, Park JS, 
Shen F, Weiss DB. Orthopaedic Surgical Approaches. Philadelphia: Saunders; 2008, Fig. HW-27 and HW-28.)

TABLE 1.7 Surgical Approaches to the Forearm

Approach Interval Structures at Risk

Anterior (Henry) Brachioradialis (radial 
nerve) and pronator 
teres (medial nerve)

Ligate leash of Henry 
(radial artery 
branches)

Distally: flexor carpi 
radialis (median nerve)

Superficial branch of 
radial nerve

Dorsal posterior 
(Thompson)

Extensor carpi radialis 
brevis (radial nerve) 
and extensor digitorum 
communis (PIN)

PIN: avoid excessive 
retraction of 
supinator

Distally: extensor pollicis 
longus

Ulnar Extensor carpi ulnaris 
(PIN) and flexor carpi 
ulnaris (ulnar nerve)

PIN, Posterior interosseous nerve.
From Miller MD, Thompson SR, Hart JA. Review of Orthopaedics. 6th 

ed. New York, NY: Elsevier; 2012:164.
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incise between the third (contains the EPL) and 
fourth compartments (Fig. 1.47). If the EPL com-
partment incision approach is used, the EPL tendon 
should be retracted radially during the procedure.

 b.  The wrist joint capsule is then incised, exposing the carpus.
 3. Structures at risk:
 a.  The superficial radial nerve is at risk if skin flaps are 

made too superficially in the fat.
 b.  Stay superficial to the interosseous scapholunate liga-

ment so it is not accidentally injured.
 E. Volar approach to the distal radius (Fig. 1.48)

 1. The incision is made directly over the FCR tendon sheath.
 2. The FCR sheath is then incised revealing the deep fascia.
 3. The deep fascia is then incised revealing the PQ.
 4. The PQ in then elevated off the distal radius from radial to 

ulnar, which then exposes the distal radius.
 5. Structures at risk:
 a.  The radial artery is at risk if the incision is carried too 

far radially.

 b.  The palmar cutaneous branch of the median nerve must 
be protected during the procedure.

 F. Volar approach to the radial shaft (Fig. 1.49)
 1. This approach was first described by Henry.
 2. The skin incision can be made along the entirety of the 

radius, although care must be taken proximally as the PIN 
lies in close proximity to the radius.

 a.  The incision is made along a line from the anterior 
elbow flexor crease (just lateral to the biceps tendon) to 
the radial styloid.

 3. The interval is between the BR and PT proximally and 
between the BR and FCR distally.

 4. Structures at risk:
 a.  Take care to not injure the superficial radial nerve run-

ning on the undersurface of the BR.
 b.  The PIN can be injured proximally, specifically 

when retractors are placed around the region of the 
bicipital tuberosity. This nerve actually contacts the 
radius directly in 25% of patients.

 c.  When dissecting proximally, supinate the forearm 
to displace the PIN away from the incision.

 d.  The recurrent radial artery branches must be ligated to 
mobilize the BR laterally.

 G. Dorsal approach to the radial shaft (Fig. 1.50A and B)
 1. This approach is also called the Thompson approach.
 2. The skin incision is made along a line from just anterior to 

the lateral epicondyle to Lister tubercle.
 3. The interval is between ECRB and EDC proximally 

and the ECRB and EPL distally.
 a.  Proximally, the ECRB and EDC share a common apo-

neurosis that must be split.

Dorsal capsule

PIN terminal
branch

Lister’s
tubercle

EDC tendons

EPL tendon
(transposed)

4th compartment

A

B

3rd compartment

4th compartment

Fig. 1.47 Dorsal surgical approach to the wrist. (A) The 3rd 
extensor compartment containing the EPL tendon is released. (B) 
The 4th extensor compartment tendons are retracted ulnarly and the 
EPL tendon is retracted radially. The dorsal capsule is then incised 
exposing the dorsal carpus.  EDC, Extensor digitorum communis; EPL, 
extensor pollicis longus; PIN, posterior interosseous nerve. (From Miller 
M, Chhabra A, Browne J, Park JS, Shen F, Weiss DB. Orthopaedic 
Surgical Approaches. Philadelphia: Saunders; 2008, Figs. HW-13 and 
HW-14.)

Radial artery

Radial artery

Incision

FCR

Scaphoid

Pronator
quadratus
released from
radius

A

B

FCR

Fig. 1.48 Volar approach to the distal radius. (A) The flexor carpi 
radialis (FCR) sheath is incised. (B) All flexor tendons are retracted 
ulnarly and the pronator quadratus is elevated off the volar distal 
radius. (From Trumble TE, Rayan GM, Budoff JE, Baratz ME, Slutsky 
DJ. Principles of Hand Surgery and Therapy. 3rd ed. New York, NY: 
Elsevier; 2017, Fig. 27.15.)



42 CHAPTER 1 Anatomy of the Forearm, Wrist, and Hand

BR

BR

BR

DRSN

CBA

DRSN

Supinator

PIN

DRSNFDS

FDS

FPL

PQ

Radial artery

Radial artery

Radial artery

Recurrent
branch,
radial artery
(cut)

FCR
FCR

FCR

PT

PT

Fig. 1.49 (A–C) Deep dissection for the anterior approach to the radial shaft. BR, Brachioradialis; DRSN, ; FCR, flexor carpi radialis; FDS, flexor 
digitorum superficialis; FPL, flexor pollicis longus; PIN, posterior interosseous nerve; PQ, pronator quadratus; PT, pronator teres; DRSN, dorsal radial 
sensory nerve. (From Wolfe S, Pederson W, Hotchkiss R, Kozin S, Cohen M. Green’s Operative Hand Surgery. 7th ed. New York, NY: Elsevier; 2017, 
Fig. 21.11.)

ECRB

APL EPB

PIN

EDC

EPL

PT

B

Fig. 1.50 (A) Superficial muscular intervals for the Thompson posterior approach to the radial shaft. (B) Distal interval. APL, Abductor pollicis longus; 
ECRB, extensor carpi radialis brevis; ECRL, extensor carpi radialis longus; EDC, extensor digitorum communis; EPB, extensor pollicis brevis; EPL, 
extensor pollicis longus; PIN, posterior interosseous nerve; PT, pronator teres. (From Wolfe S, Pederson W, Hotchkiss R, Kozin S, Cohen M. Green’s 
Operative Hand Surgery. 7th ed. New York, NY: Elsevier; 2017, Figs. 21.13 and 21.14.)

ECRL

Supinator
ECRB

APL EPB

PIN

EDC

A
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 b.  The proximal deep dissection involves identifying 

the PIN first, followed by full supination of the 
forearm with detachment of the supinator from the 
radial shaft.

 c.  Deep dissection of the middle and distal radius requires 
retraction of the APL and EPB in order to access the 
radius.

 4. Structures at risk:
 a.  Identification and/or protection of the PIN is cru-

cial in this approach.
 H. Approach to the ulnar shaft

 1. The skin incision is made over the subcutaneous border of 
the ulna and can be made slightly more volar or dorsal to 
keep the incision from being directly over the bony prom-
inence of the ulna.

 2. The interval is between the extensor carpi ulnaris and 
flexor carpi ulnaris muscles.

 3. Structures at risk:
a. The ulnar nerve lies underneath the FCU. It is safe as 

long as the dissection remains subperiosteal.
b. The ulnar artery also lies underneath the FCU running 

with the ulnar nerve.
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