
Biomechanics of the 
Wrist and Hand Complex





wrist
 RADIOCARPAL JOINT

s
 RADIOCARPAL JOINT

 Synovial (condyloid) joint
 Two degrees of freedom:

Fl i / t i Flexion / extension
 Abduction (radial deviation) / adduction 

(ulnar deviation)
 (circumduction) (circumduction)

 MIDCARPAL JOINTS
 Plane joints
 Small gliding motions
 Increase the range of motion of the g

radiocarpal joint
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Minh Quan
Highlight

Minh Quan
Highlight

Minh Quan
Highlight

Minh Quan
Highlight



Minh Quan
Rectangle

Minh Quan
Rectangle

Minh Quan
Rectangle

Minh Quan
Rectangle

Minh Quan
Rectangle

Minh Quan
Rectangle

Minh Quan
Text Box
Range of motion
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Radius makes up most of the wrist joint, but ulna still participates
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Carpal bones are all connected together with ligaments



M ti f th i tMotion of the wrist
 Flexion Flexion
 Extension
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Midcarpal joint
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Wrist joint
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a big part of the motion is made by the midcarpal joint
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Motion of the wristMotion of  the wrist
 Ulnar and Radial deviation
 Movement of Scaphoid and triquetrum
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Text Box
Carpal bones rotate on top of each other during wrist motion to increase global ROM of the hand
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wearing a glove to tight may restrict these motions and therefore reduce global ROM of the hand



Motion of the wristMotion of  the wrist
 Ulnar and Radial deviation
 Role of ligaments
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Control rolling action of proximal and distal carpal bones
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not a pure spin, combination of rolling and translation,to allow that movement to occur like at the knee



CENTER OF ROTATIONCENTER OF ROTATION
Flexion / extension: Ulnar / radial deviation:
Head of capitate Proximal ¼ of capitate

Minh Quan
Highlight

Minh Quan
Highlight

Minh Quan
Highlight

Minh Quan
Highlight

Minh Quan
Highlight

Minh Quan
Sticky Note
no muscle (except flexor carpi ulnaris inserting in pisiform) inserts into the carpal bones. the motion of these bones is created by the strong proximally located muscles that skip over the carpal bones and insert into the metacarpals and phalanges creating indirect motion of the carpal bones. 

carpal bones act as ball bearings: they conform themselves to the load that is presented, stabilizing the hand and the limb. they also allow increased ROM
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infinite possible combination of muscles for each movement





THE ARCHES OF THE HANDTHE ARCHES OF THE HAND

 Fixed proximal transverse arch (middle point: capitate bone)

 Mobile distal transverse arch (around the head of the 3rd metacarpal

 Longitudinal arch: connects the two transverse arches
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When flexing fingers, they all converge to the middle f the arch



CARPAL TUNNEL

Minh Quan
Highlight

Minh Quan
Text Box
+ flexor/extensor retinacula
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They keep all the tendons flush to the bone
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carpal tunnel syndrome: swelling of one structure in the carpal tunnel will compress the median nerve: weakness of thenar muscles and 1st 2 lumbricals as well as numbness of the lateral 3.5 digits.
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this extensor tendon is bypassing the carpal bones and pulling on the most distal ones, forcing the carpals to extend as well



INTERACTION OF WRIST AND HAND MOTIONS

 Maximal wrist extension: fingers are fully flexed (A)

 Maximal wrist flexion: fingers are fully extended (B)

 Maximal grip power: the wrist is slightly extended and ulnar deviated Maximal grip power: the wrist is slightly extended and ulnar deviated

 WHY??
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A & B :active insufficiency of muscle group in question & passive insufficiency of opposite muscle group
Maximal grip power: we stretch flexor muscles to prevent active insufficiency of flexors





•Thumb

•Carpometacarpal joint of  digit 1 (thumb):
•Articulates with the 
trapezium

•Synovial: saddle
•Flexion / extension
•Adduction / abduction•Adduction / abduction
•Circumduction
•Opposition
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we can assume the the 1st metacarpal is really the proximal phalange of the thumb; the thumb would not have a metacarpal
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Study of  thumb motion by 
a Vicon motion system

i d / li/ h dl b/ h hwww.pitt.edu/~zmli/ handlab/research.htm Thumb strength in 
multiple directions
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directions in which the thumb is strongest





CARPOMETACARPAL JOINTSCARPOMETACARPAL JOINTS
 Carpometacarpal of digits 2-5

 Plane joints
 Gliding
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MOVEMENTS OF THE FINGERS

 Metacarpophalangeal Metacarpophalangeal 
(knuckle) joints:
 Between metacarpals and 

proximal phalangesproximal phalanges
 Condyloid
 2 degrees of freedom:

 Flexion / extension Flexion  / extension
 Adduction / abduction
 (circumduction)

P i l (PIP) d di t l Proximal (PIP) and distal 
interphalangeal (DIP) joints
 Uniaxial hinge joints

 Flexion / extension
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The middle phalange is 0.7 x the length of the proximal one, and the distal one is 0.7x the middle one
This allows to make a completely closed fist





Minh Quan
Sticky Note
flexibility of fingers increases from lateral to medial





FINGER TENDON MECHANISMS

 Intricate and precise system of tendons and sleeves to produce very Intricate and precise system of tendons and sleeves to produce very 
precise movements
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on the palmar side we can control fingers individually, whereas on the dorsal side we can't (we can but less) b/c the extensor digitorum tendons are attached together  (see next slide)





FINGER SYNERGIESFINGER SYNERGIES
 Active or passive flexion of PIP allows active or passive flexion of 

b i iDIP, but no active extension

 Active flexion of DIP creates unavoidable PIP flexion
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Digital flexor tendon 
sheath pulley system

 Fibrous sheath Fibrous sheath
 neutralize  subluxating forces
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Hand functions

Dexterity is a term referringDexterity is a term referring 
primarily to the ability of  a person 
to “gracefully” coordinate their 
movements. It specifically refers to 
adroitness in using the hands. In this 
context, dexterity is a motor skill. 

Power Grip (Gross motor tasks)Power Grip (Gross motor tasks)
Precision Grip (fine motor tasks)

Haptic, from the Greek αφή 
(Haphe), means pertaining to the 
sense of  touch
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PREHENSIONPREHENSION

1) POWER GRIP

 Between digits, thumb and palm

 Thumb adducted

 H d l d i t d Hand ulnar deviated
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2) PRECISION GRIP2) PRECISION GRIP

 Between digits and thumbg

 Thumb abducted

 H d l i d i i Hand neutral in deviation
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TYPES OF PRECISION GRIPSTYPES OF PRECISION GRIPS

A) dynamic tripodA) dynamic tripod

 Thumb + index + middle finger

 E.g. holding a pen
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examples of grips
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MyoelectricMyoelectric 
prostheses

biomed.brown.edu/.../ elecpower.jpg



MyoelectricMyoelectric 
prostheses
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Calculations
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