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Introduction

• Sir Charles Bell (1834), in his thought-provoking volume, The 

Hand – Its Mechanism an Vital Endowments as Evincing 

Design, presented a concept of hand anatomy that places it in 

proper context with the position of humans in the animal 

kingdom. 

• Duchenne (1867) carried out detailed analysis of muscular 

function by isolated electrical stimulation, described in his 

classic volume, Physiologie des Mouvements.

• Frederick Wood-Jones (1920) probed more extensively into 

comparative anatomy and anthropology in his excellent work, 

The Principles of Anatomy as Seen in the Hand



• As a functional puppet, the hand responds to human desires; 

its motor performance is initiated by the contralateral cerebral 

cortex. 

• The conscious demands relayed to the hand and forearm from 

the central nervous controlling mechanism are sent as 

movement commands. 

• At subconscious levels,such a movement command is broken 

down, regrouped, coordinated, and sent on as a signal for 

fixation, graded contraction, or relaxation of a specific 

muscular unit.



Skin, subcutaneous tissue, and 
fascia



Dorsal skin 

• Thin and pliable, anchored to the deep investing fascia by 

loose, areolar tissue. 

• Major venous and lymphatic drainage in the hand courses 

dorsally, 

• Hand edema is first evident dorsally. The prominent,

• Standard site in which to evaluate venous filling and limb 

venous pressure

• Vulnerable to skin avulsion injuries.



Palmar skin

• Thick dermal layer and a heavily cornified epithelial surface. 

• Held tightly to the thick fibrous palmar fascia by diffusely 

distributed vertical fibers between the fascia and dermis. 

• Stability of palmar skin is critical to hand function. 

• High concentration of specialized sensory end organs and 

sweat glands. 



• Examination of hand skin during normal ranges of motion in 

various planes is important in planning incisions or 

geometrically rearranging lacerations that might result in 

disabling scar contractures. 

• On the palmar aspect, however, scar shortening and inelasticity 

of the skin may result in contracture. 

• The nature of palmar skin, its stabilizing fixation to the palmar

fascia, and its position on the concave side of the hand are the 

bases for such contractures.

• Each digit the geometry has been worked out by noting each 

joint axis and the kissing surfaces of the palmar skin in full 

flexion. 

• These diamond-shaped skin surfaces should not be shortened 

and rendered inelastic by longitudinal scars if limitation of 

extension is to be avoided





Kaplan’s cardinal line

• Kaplan’s cardinal line is drawn from 
the apex of the first web space to the 
distal edge of the pisiform bone.

• Two longitudinal lines are drawn 
from the ulnar aspect of the middle 
finger and the ulnar aspect of the ring 
finger. These will cross the cardinal 
line. The intersection of the cardinal 
line and the longitudinal line from the 
ulnar side of the middle finger 
corresponds to the motor branch of 
the median nerve. 

• The intersection of the cardinal line 
and the longitudinal line from the 
ulnar side of the ring finger 
corresponds to the hook of the 
hamate. The motor branch of the 
ulnar nerve is found on the cardinal 
line, equidistant between the hamate
and pisiform. 



• The palmar fascia consists of resistant 
fibrous tissue arranged in 
longitudinal, transverse, oblique, and 
vertical fibers . 

• The longitudinal fibers concentrate at 
the proximal origin of the palmar
fascia at the wrist, taking origin  from 
the palmaris longus . 

• The palmar fascia fibers fan out from 
this origin, concentrating in flat 
bundles to each of the digits. 

• Generally, the fibers spread at the 
base of each digit and send minor 
fibers to the skin and the bulk of 
fibers distal into the fingers, where 
they attach to tissues making up the 
fibrous flexor sheath of the digits. 

• There are attachments of the fascia to 
the volar plate and intermetacarpal
ligaments at each side of the flexor 
tendon sheath at the level of the 
metacarpal heads.



• Transverse fibers are 
concentrated in the 
midpalm and the 
web spaces. 

• The midpalmar
transverse fibers, 
although intimately 
associated with the 
longitudinal bundles, 
lie deep to them and 
are inseparable from 
the vertical fibers 
that concentrate into 
septa between the 
longitudinally 
oriented structures 
passing to the 
fingers. 

• This system of 
palmar transverse 
fibers called the 
transverse palmar
ligament. 



• The vertical fibers of the palmar fascia, which lie superficially to the tough 
triangular membrane made up by the longitudinal and transverse fibers, 
consist of abundant vertical fibers to the palm dermis . 

• Deep to the palmar fascia, the vertical fibers coalesce into septa, or the 
“perforating fibers of Legueu and Juvara”,forming compartments for flexor 
tendons to each digit and separate compartments for the neurovascular 
bundles together with the lumbrical muscles. 

• The marginal septa extend more proximally than the seven intermediate 
septa closing the central compartment laterally and medially. The major 
septum between the index flexor tendons and the neurovascular and 
lumbrical space to the third interspace attaches to the third metacarpal, 
dividing the thenar or adductor space from the midpalmar space. 



• In the fingers, two important 
bands of fascia are named 
Grayson’s ligaments and 
Cleland’s ligaments. 

• Grayson’s ligaments are volar
to the neurovascular bundles 
and are quite flimsy. 

• The much stouter Cleland’s 
ligaments are dorsal to the 
neurovascular bundles. 

• These two fascial sheets help 
contain and protect the ulnar
and radial digital arteries and 
nerves



BONES AND JOINTS



Hand elements

• The hand skeleton is divisible into 
four elements:

1. The fixed unit of the hand, consisting 
of the second and third metacarpals 
and the distal carpal row.

2. The thumb and its metacarpal with a 
wide range of motion at the 
carpometacarpal joint. Five intrinsic 
muscles and four extrinsic muscles 
are specifically influential on thumb 
positioning and activity.

3. The index digit with independence of 
action within the range of motion 
allowed by its joints and ligaments. 
Three intrinsic and four extrinsic 
muscles allow such digital 
independence.

4. The third, fourth, and fifth digits with 
the fourth and fifth metacarpals. 
This unit functions as a stabilizing 
vise to grasp objects for 
manipulation by the thumb and 
index finger, or in concert with the 
other hand units in powerful grasp.



• The distal row of carpal bones forms a solid architectural arch with the 
capitate bone as a keystone. 

• Projecting distally from the central third of this arch are the fixed 
central metacarpals, the second and third. Littler called this the “the 
fixed unit of the hand”. 

• It forms a fixed transverse arch of carpal bones and a fixed 
longitudinal arch created by the anatomic convexity of the 
metacarpals. As a stable foundation, this unit creates a supporting base 
for the three other mobile units. 

• This central beam moves as a unit at the wrist under the influence of 
the prime wrist extensors (the extensor carpi radialis longus and 
brevis) and the prime wrist flexor, the flexor carpi radialis. These 
major wrist movers insert on the second and third metacarpals. 



• The distal row of carpal bones constitutes a 
fixed transverse arch. 

• The loose capsular ligaments and the shallow 
saddle articulation between the first metacarpal 
and the trapezium allow circumduction of the 
mobile first metacarpal. Its range of motion is 
checked by these capsular ligaments, including 
the volar beak ligament, and by its attachment to 
the fixed hand axis through the adductor 
pollicis, the first dorsal interosseous, and the 
fascia and skin of the first web space. 

• The mobile fourth and fifth metacarpal heads 
move dorsally and palmarly in relation to the 
central hand axis by limited mobility at the 
carpometacarpal joints. These metacarpal heads 
are tethered to the central metacarpals by the 
intermetacarpal ligaments. 

• The latter unite adjacent metacarpophalangeal
volar plates, which are an intimate part of the 
joint capsules.



• first metacarpal is palmar-
abducted by thenar muscles 
innervated by the median nerve, 
and the fourth and fifth 
metacarpals are palmar-abducted 
by the hypothenar muscles 
innervated by the ulnar nerve, a 
volar, concave, transverse 
metacarpal arch is created, 
approximating a semicircle.

• A vertical line dropped from the 
apex of the cone to the center of 
its base will strike the third 
metacarpophalangeal joint. This 
point at the apex of the transverse 
metacarpal arch is the anatomic 
center of the hand



• The most important single motor operating the central 

hand beam at the wrist level is the extensor carpi

radialis brevis, which works against gravity, 

positioning the pronated hand into extension.



The wrist



• The wrist joint is the site for major postural change between the arm 

beam and the working hand end piece .



• The proximal row of 

carpal bones articulates 

with the distal radius and 

ulna, providing the ability 

to flex and extend the 

hand and perform radial 

and ulnar deviation.

• The distal carpal row, 

along with the second and 

third metacarpals, forms 

the “fixed unit” of the 

hand.



• The principal articulation of the carpus is with the distal surface of the radius. The articular
surface of the radius slopes in several planes. In the radial-to-ulnar plane, the radius 
exhibits an average slope of 22°. In the dorsal-to palmar plane, the articular surface of the 
radius slopes 12° with the dorsal surface more distal than the palmar surface.

• Fractures of the distal radius frequently result in a loss of the normal radiocarpal
configuration in one or both planes.





Ulnar variance –

• The relationship of the length of the radius 

to the length of the ulna is fairly constant 

in individuals, and is termed ulnar

variance. 

• The distal ulna will complete the curve of 

the articular surface of the radius. If the 

end of the ulna falls short of this 

curvature, the condition is termed ulnar

negative variance. 

• If the ulna extends distal to this imaginary 

extension, the condition is termed ulnar

positive variance.

• Ulnar negative variance is associated with 

a higher incidence of Kienböck’s disease, 

avascular necrosis of the lunate. 



• A line that follows the proximal 

articular contours of the 

proximal row of carpal bones 

circumscribes a smooth arc, 

termed the greater arc . 

• The joint line between the 

proximaland distal row of 

carpal bones circumscribes 

another smooth arc, termed the 

lesser arc.



• The articular surface of the 

radius is divided into scaphoid

and lunate fossae . The 

triquetrum articulates with the 

lunate in the proximal row, and 

with the hamate across the 

midcarpal joint. 

• The pisiform is essentially a 

floating bone, unimportant for 

carpal stability.

blood supply to the scaphoid
The superficial palmar branch of the radial artery contributes 
a volar blood supply that feeds the distal scaphoid. 
The dorsal carpal branch of the radial artery contributes a 
dorsal blood supply that also primarily feeds the distal 
scaphoid. 
Therefore, the proximal scaphoid is poorly vascularized and is 
susceptible to
nonunion after proximal pole fracture.



• The nature of the articulations of the distal carpals with one 

another, and of the carpal ligament (flexor retinaculum), is such 

that they make up a strong and fixed transverse carpal arch



• The complex motions of the wrist 
are a product of the sums of the 
movements of the carpal bones 
in various planes and degrees of 
rotation relative to one another. 

• The motion of  carpal bone is a 
consequence of several factors. 

-contour of the bone and the 
arrangements of its articular
surfaces.

-Degree of freedom afforded by 
intrinsic ligaments, and by 
extrinsic ligaments.



Checking for malrotation

• The tubercle of the scaphoid is 
found at the distal flexion crease 
of the wrist joint, lateral to the 
tendon of the flexor carpi radialis. 
It is an important skeletal 
landmark in evaluating digital 
malrotations.

• Normally, each finger points to 
the scaphoid tubercle when 
individually flexed. A finger that 
points away from the tubercle 
may do so because of destructive 
flattening of the carpal arch. 

• More commonly, it may result 
from malrotation following a 
metacarpal or phalangeal fracture



Ligaments

• Extrinsic radiocarpal ligament 
complex is thinner and is 
primarily a condensation of 
capsular tissues,except for two 
stout structures, the dorsal 
intercarpal ligament joining 
the distal pole of the scaphoid
and the triquetrum, and the 
dorsal radiocarpal ligament.

• These two dorsal ligaments 
form a unique lateral “V” 
configuration that allows 
variation in length by changing 
the angle of the “V” while 
maintaining a stabilizing force 
on the scaphoid during wrist 
range of motion



• The intrinsic ligaments 
are broad, stout structures 
that link one carpal bone 
to another, either within 
the proximal or distal 
row, or linking one carpal 
row to the other. 

• The two most significant 
intrinsic ligaments are the 
scapholunate ligament 
and the lunotriquetral
ligament. 





Joint motion



• Normal metacarpophalangeal
joint motion in the fingers ranges 
from 0 to 90°. 

• Lateral activity in the 
metacarpophalangeal joints is 
limited by the rein-like collateral 
ligaments. 

• These ligaments are loose and 
redundant when the MCP joints 
are in extension, allowing maximal 
medial and lateral deviation.

• In flexion , result in tightening and 
strict limitation of lateral mobility  

• The fingers that have been fixed in 
extension during a period of 
healing developes collateral 
ligament shrinkage and locking of 
the MCP joints in hyperextension.



• The proximal IP joint can be pushed to 110° of flexion, but 

extension usually cannot be carried beyond 5° of 

hyperextension because of the ligamentous volar plate,

• The medial and lateral collateral ligaments are a part of the 

capsule. They are radially fixed in a manner that allows no 

medial or lateral deviation of the joint in any position. 



• The DIP joints of the fingers can be pushed into about 90° of 

flexion before they are limited by the dorsal joint capsule and 

extensor mechanism. 

• The DIP joints extend to 30° of hyperextension. 

• There is no lateral mobility in these joints with the collateral 

ligaments intact. 



Biomechanical concept: joint motion
• An axis of rotation of a joint refers to a line fixed to the 

proximal bone about which the motion of the distal bone 
appears to be a pure rotation. 

• For the simple (hinge type) interphalangeal joints of the 
fingers, the motion occurs only in flexion and extension; the 
axis of rotation is perpendicular to the sagittal plane and is 
located in the distal head of the phalanx proximal to the 
joint. 

• The degrees of freedom of a joint are the minimum 
number of axes of rotation that can be used to describe 
completely the motion of the bone distal to the joint. 

• The wrist has two degrees of freedom (flexion–extension 
and radial–ulnar deviation), represented by two nearly 
perpendicular axes of rotation.

• Thumb carpometacarpal joint or the intercarpal joints have 
at least two degrees of freedom with nonintersecting, 
nonperpendicular axes of rotation.



• Middle phalanx - there is no difference between the radii of 

curvature of the ulnar and radial condyles of the middle 

phalanx head. 

• Distal phalanx - the radius of curvature of the distal phalanx 

ulnar groove is significantly greater than that of the radial 

groove. 

• This asymmetry between the distal phalanx grooves and the 

middle phalanx results in a translational component during the 

flexion of the distal interphalangeal joint that may contribute 

to degenerative changes and development of arthritis



The metacarpophalangeal joints,
• Allow motion through several axes. 
• The capsule, including the collateral ligaments and volar plate, is 

quite lax, allowing medial and lateral deviation, flexion, extension, 
and circumduction and a small degree of distraction. 

• In the absence of other sources of stabilization, upon cutting of the 
collateral ligaments the metacarpophalangeal joint becomes a flail, 
unstable mechanism.

• But another source of lateral stability – the interosseous muscles. If 
the collateral ligaments are sacrificed, the interossei remain the 
sole source of lateral stability.

• In intrinsic (ulnar) paralysis, if the collateral ligaments are sacrificed, 
all lateral stability is lost and disastrous ulnar deviation occurs. 

• At the interphalangeal joints lateral stability is again dependent on 
the collateral ligaments, but at this level there is no second line of 
defense.



• Palmar or volar plates are found in the metacarpophalangeal and 
interphalangeal joints where they reinforce the joint capsules, 
enhance joint stability, and limit hyperextension.

• The volar plates of the metacarpophalangeal joints are the sites of 
insertion of the intermetacarpal ligaments, which limit separation 
or fanning of the metacarpal heads. 

• The volar plate is fixed to that portion of the capsule that originates 
from the proximal phalanx, and therefore the plate moves with the 
proximal phalanx in flexion and extension.



• Sagittal bands that connect the 

volar plates to the tendon of the 

extensor digitorum and to the 

extensor expansion.

• The volar plates to the proximal 

and distal interphalangeal joints 

are also stout structures that 

may become scarred in cases of 

fracture/dislocation and may 

ultimately lead to joint flexion 

contractures



The thumb
• Thumb architectural base comprises 

the two phalanges, the metacarpal, and 

the trapezium. 

• From a functional point of view, 

however, the thumb metacarpal can be 

compared to a proximal phalanx and 

the trapezium to a grossly 

foreshortened metacarpal. 

• Metacarpotrapezial joint has the 

greatest degree of freedom of any in 

the digital rays. 

• The metacarpotrapezial joint is a 

synovial joint. 

• The trapezium itself articulates with 

the trapezoid and scaphoid with 

ligamentous restraints that sharply 

limit trapezial motion in relationship 

to the carpus .



• The first carpometacarpal joint is best 
described as a double saddle where one 
saddle sits atop another, allowing three 
degrees of motion: (1) flexion–extension; (2) 
abduction– adduction; and (3) medial 
rotation–lateral rotation.

• The axis line is curved in such a way that 
when the metacarpal is adducted, it locks 
into medial rotation, and when it is abducted, 
it locks into lateral rotation. 

• This mandatory rotation into medial rotation 
on adduction helps to position the thumb for 
pulp-to pulp opposition of the thumb to the 
fingers.

• In neutral position the axis of the trapezium, 
represented by its central ridge, sits at about 
60° from a line through the heads of the 
central stable second and third metacarpals. 



• 1st metacarpal concavity is slightly exaggerated on the ulnar volar
side by a protrusion or “beak” for insertion of the important anterior 
oblique carpometacarpal ligament, commonly referred to as the 
“volar beak” ligament.

• It retains the fragment of bone fractured free from the base of the 
metacarpal as the metacarpal displaces radially in Bennett’s fracture. 

• In advanced metacarpotrapezial joint arthritis it weakens and 
attenuates, as also does the intermetacarpal ligament, allowing 
radial subluxation of the metacarpotrapezial joint



• The ligament at the radial border of the joint is like a radial collateral 

ligament and is referred to as the dorsoradial or anteroexternal ligament. 

which inserts  beneath the insertion of the abductor pollicis longus on the 

radial base of the first metacarpal. 



• There is a stout intermetacarpal ligament between the base of 
the first metacarpal and the adjacent base of the second 
metacarpal. 

• Prevent radial subluxation of the metacarpotrapezial joint, as 
seen in arthroses of the joint



• The first metacarpophalangeal joint differs from other  
metacarpophalangeal joints in several respects in both anatomic 
make-up and function. 

• Generally, the first metacarpophalangeal joint range of motion in 
flexion and extension, as well as abduction and adduction.

• The metacarpal and proximal phalanx are more stout in order to 
accommodate to greater forces normally borne by the thumb in 
pinching and grasping.

• The head of the first metacarpal is different because the radial 
articular prominence is larger than the ulnar. 

• The metacarpophalangeal portion is taut in flexion and looser in 
extension. In extension, the portion of the fanlike collateral 
ligaments to the palmar plate is taut; thus, adduction and abduction 
are limited in both extension and flexion.

• Some pronation but no supination is allowed at the 
metacarpophalangeal joint when it is inextension. In supination, the 
joint locks into a stable position for secure grasping



Muscles and tendons



Extrinsic 
extensors







Biomechanical concept: muscle structure

• Muscle tissue is composed of parallel arrangements of muscle 
fibers that can actively shorten and passively resist stretching, but 
cannot actively lengthen. 

• The muscles of the hand anchor to bone at either end, typically by a 
short tendon at their origin (proximal end) and a long tendon at 
their insertion (distal end).

• Muscle fibers run along the length of the muscle attaching to 
tendon at either end. 

• The aponeurosis is the transitional region where the contractile 
fibers of the muscle interdigitate with the collagen fibers that form 
the tendon. 

• Tendons are stout parallel bundles of collagen fibers that often 
cross multiple joints of the hand before inserting into bone. 

• The lumbrical muscle is atypical as it both originates from and 
inserts on to tendon (the flexor profundus tendon and the extensor 
mechanism, respectively) and has no direct bony attachment.



• Sarcomeres, the fundamental contractile unit of muscle tissue. 
• At the biochemical level, sarcomeres are interdigitated filaments of f-actin

and myosin proteins. 
• The maximal force a muscle can produce is proportional to the number of 

parallel muscle fibers that compose it (physiological cross-sectional area), 
and the angle the fibers make with the line of action of the tendons 
(pennation angle). 



• Mammalian muscle tissue is considered to 
produce a maximal stress of around 35 
N/cm2,



Six extensor compartments exis: 
(1) abductor pollicis longus and extensor pollicis brevis; 
(2) extensor carpi radialis longus and extensor carpi radialis brevis; 
(3) extensor pollicis longus; 
(4) extensor digitorum communis and extensor indicis proprius;
(5) extensor digiti minimi; and 
(6) extensor carpi ulnaris.



• The extensor digitorum is a series of tendons with a common 
muscle belly that enters into the central extensor of each of the 
fingers.

• There are intertendinous bridges between these separate tendons 
over the dorsum of the hand.

• Independent long extensor power is supplied to the index finger 
through the extensor indicis and to the little finger through the 
extensor digiti minimi. 

• In each case the independent extensor lies on the ulnar side of the 
long extensor tendon to these two fingers from the extensor 
digitorum.



Biomechanical concept: the extensor mechanism
of the fingers

The extensor tendons are attached by dorsal expansions or dorsal hoods. These expansions are divided 
into three structures. 

(1) Lateral bands ,lumbrical and dorsal and palmar interossei muscles contribute to the lateral bands. 
(2) A single central slip passes down the middle of the finger, ending at the base of the middle phalanx. 
(3) The retinacular ligament runs obliquely along the middle phalanx, and connects the fibrous digital 

sheath on the volar side of the phalanges to the extensor expansion.





• The effect of each muscle at each joint, 
however, may depend on finger posture and 
the distribution of tendon tension. 

• The change in length of the different 
components of the extensor hood is relatively 
small,but their spatial orientation varies 
considerably from one finger configuration to 
another.



• Each of the three extrinsic muscles to the thumb on its extensor 
surface inserts on one of the thumb bones. 

• The abductor pollicis longus inserts on the metacarpal where it 
primarily radially abducts the metacarpal, but since it bridges the 
wrist it secondarily radially deviates the wrist. 

• The extensor pollicis brevis inserts on the proximal phalanx, so that 
it primarily acts as an extensor of the metacarpophalangeal joint 
but acts at the other joints with the abductor pollicis longus.



Pronators and supinators

• The pronator teres originates 
from the common flexor origin 
and inserts at the midportion of 
the radius . It is a primary 
forearm pronator and a weak 
forearm flexor. 

• The pronator quadratus is a short 
wide muscle that spans 
transversely across the distal 
radius and ulna. 

• The supinator originates from the 
lateral epicondyle of the humerus
and inserts on the proximal third 
of the radius.It is a primary 
supinator, assisted by the biceps 
brachii.



Extrinsic flexors

• Flexion of the phalanges into the palm is a 
complicated motion representing the sum of 
actions of the long flexors (profundus and 
superficialis) and long extensors (extensor 
digitorum, extensor digiti minimi, and extensor 
indicis), modified and enhanced by the intrinsic 
muscles (interossei and lumbricals)

• The long flexors to the fingers are responsible for 
flexion of the interphalangeal joints and are 
supplements to active flexion of the 
metacarpophalangeal joints and the wrist joint













Biomechanical concept: muscle force production

• Muscles can produce force in different ways.
• Concentric contractions occur when muscle fibers can shorten to 

induce tendon stretch, tendon excursion, and/or joint motion.
• Eccentric contractions occur when tendon forces overpower the 

passive and active force the muscle can produce and the muscle 
fibers lengthen during muscle activation. 

• Isometric contractions occur when the muscle is not allowed to 
shorten (calling this state of the muscle a “contraction”, when in 
reality it remains the same length, is a historical artifact). 

• The force–length relationship of muscle (sometimes called the Blix
curve) indicates that there is an optimal length of the fiber at 
which maximal force can be produced, and it drops at longer or 
shorter fiber lengths . Thus, the length at which the muscle is 
placed in reconstructive surgeries or tendon transfers can greatly 
influence the force the muscle can produce postoperatively. 



• The force–velocity relationship of muscle indicates that 
muscle force drops greatly from its isometric level 
when muscle fibers shorten rapidly during concentric 
contractions, and rises to a plateau almost double its 
isometric level when muscle fibers lengthen rapidly 
during eccentric contractions .

The force–velocity curve. The percentage of 
maximal isometric force is
plotted on the vertical axis, and the relative 
shortening velocity is plotted on the
horizontal axis. Therefore, muscle force drops 
from its isometric level when muscle
fibers shorten rapidly during concentric 
contractions and rises to a plateau almost
double its isometric level when muscle fibers 
lengthen rapidly during eccentric
contractions.



• The flexors are located on the volar side of the forearm 
and wrist and are innervated by the median nerve, 
except the flexor carpi ulnaris, and the flexor digitorum
profundus to the ring and small fingers, which are 
innervated by the ulnar nerve . 

• The flexor carpi radialis, flexor carpi ulnaris, and 
palmaris longus provide wrist flexion. 

• The digital flexors (flexor digitorum superficialis, flexor 
digitorum profundus, and flexor pollicis longus) pass 
through the carpal tunnel to provide dual flexion to the 
fingers and single flexion to the thumb



independent and common flexor 
muscles

• The flexor profundi to the third, fourth, and fifth 
fingers work from a common muscle belly. Acting 
in unison, they fit the architectural concept of 
this unit as a stable vise for grasping objects. 

• The independent function of the index profundus
frees the index finger for use with the thumb to 
manipulate an object grasped by the viselike 
ulnar unit. 

• Independence of action is well developed in the 
superficialis muscles and the intrinsic muscles.



Biomechanical concept: the shape of hand
muscles

• Many muscles of the hand depart from the simple fusiform (fish-
like) shape , Many are flat, while others have multiple bellies. 

• The interosseous muscles, for example, are bipennate. That is, a 
central common tendon is pulled on by fibers originating in 
different bones. 

• The opposite arrangement is also found in muscles like the flexor 
superficialis of the fingers, which originate in a short belly that leads 
to a tendon that inserts in a second larger belly that then subdivides 
into four branches. 

• Most extrinsic flexor and extensor muscles have tendons that are 
connected by thin strands of collagen at the level of the 
metacarpals that prevent independent motions of the fingers (try to 
extend the ring finger with all other fingers flexed). 

• Other muscles such as the adductor pollicis have a fan-shaped 
origin where the resultant force at the insertion tendon depends on 
the distribution of force among muscle fibers. 



Biomechanical concept: moment arms
• The moment arm of a tendon about an axis of rotation of a joint is 

defined as the shortest distance between the axis of rotation and 
the tendon as it crosses the joint . 

• This distance can vary with joint angle because of the suspension 
system of pulleys guiding flexor tendons, 

• The greater the moment arm, the greater the excursion of a tendon 
(and change in length of a muscle) that accompanies a given angle 
of rotation of the joint. 

• The moment of force (rotational action) of a tendon force about an 
axis of rotation increases with the magnitude of the moment arm of 
the tendon. 



The retinacular system









• On the basis of the anatomy of the flexor tendons 
and the associated synovial and fibrous sheaths, the 
area traversed by the tendons is divided into 
clinically important zones

■ Zone 1 is the area traversed by the flexor digitorum
profundus distal to the insertion of the flexor 
digitorum superficialis on the middle phalanx.

■ Zone 2 extends from the proximal end of zone 1 to the 
proximal end of the digital fibrous sheath.

■ Zone 3 is the area traversed by the flexor tendons in 
the palm and is free of fibrous pulleys. It extends, 
therefore, from the proximal end of the finger 
pulley system (Al) to the distal end of the wrist 
retinaculum, the transverse carpal ligament.

■ Zone 4 is the carpal tunnel. It extends from the distal 
to the proximal borders of the transverse carpal 
ligament.

■ Zone 5 extends from the proximal border of the 
transverse carpal ligament to the musculotendinous
junctions of the flexor tendon .



Intrinsic muscles 

• Intrinsic muscles arise and insert within the hand 
They can be divided into four groups. 

• The thenar muscles are a group of four muscles 
consisting of the abductor pollicis brevis, flexor 
pollicis brevis, opponens pollicis brevis, and the 
adductor pollicis brevis. 

• The abductor pollicis brevis, opponens pollicis
brevis, and superficial head of flexor pollicis
brevis are median-innervated whereas the 
adductor pollicis brevis and the deep head of the 
flexor pollicis brevis are ulnar-innervated.



• The hypothenar muscles are all innervated by the 
ulnar nerve. These four muscles include the 
palmaris brevis, abductor digiti minimi, flexor 
digiti minimi brevis, and opponens digiti minimi.

• Lumbricals originate from flexor digitorum 
profundus tendons and insert on the radial 
aspect of the extensor mechanisms, distal to the 
metacarpophalangeal joint. They contribute to 
the flexion of metacarpophalangeal joints and the 
extension of the interphalangeal joints







Thank you


