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Abstract— In the recent time there has been an increase in 

the cases of carpal tunnel syndrome. People have stereotype 

thinking that it is ageing process. But it is mainly due to 

malfunctioning of the carpal region to be more precise 

median nerve malfunctioning. This paper will provide whole 

information about the carpal region of wrist including bones, 

tendons, structure of carpal tunnel and how carpal tunnel 

syndrome develops with the use of a walking cane. This 

study corroborates the carpal tunnel syndrome and its 

causes, symptoms, and risk factors. This paper will help 

understanding the problem and design handles and other 

equipments to reduce the chances of carpal tunnel 

syndrome. 
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I. INTRODUCTION 

The bones which connect the hand to the forearm are the 

eight small bones known as carpal bones that make up 

the wrist or carpus. Carpal word derives its name from 

the Latin word carpus and the Greek word  καρπός (karpos), 

both these words mean "wrist."  In hand anatomy, the major 

function of the wrist is to make optimal positioning of the 

hand and powerful use of the extensors and flexors of the 

forearm in handling, and due to movement carpal bones 

individually increase the freedom of movements of the 

wrist. The group of carpal bones does not belong to 

individual fingers. The vertical rotation and movement of 

the wrist is due to the carpal bones. In cane handle also 

carpal bones play a  

 
Fig.1. Position of the carpal bones in the wrist. [13] 

major role. A person who uses walking stick has to 

use it throughout the day. The proper position of carpal 

bones is necessary to prevent carpal tunnel syndrome. In this 

paper we will study about optimal posture of carpal bones 

for long use to prevent carpal tunnel syndrome (CTS). 

Figure 1 shows the position of carpal bones in the human 

wrist, the fragmented bones are 8 carpal bones supported by 

ulna and radius on forearm side and by metacarpal bones on 

palm side. 

II. STRUCTURE 

In hand anatomy 8 carpal bones are there; these bones are 

divided in two ways, either in two transverse rows, or in 

three longitudinal columns. An arch is formed which is of 

convex shape on proximal side and of concave shape on 

distal end formed by the pair of rows. The carpal bones 

together work as a single unit to provide a bony structure of 

the hand. Flexor retinaculum covers the carpal tunnel on the 

Palmar side, where carpus is concave in shape. The 

proximal row of the carpal bones consists of scaphoid, 

lunate, and triquetrum bones. These three bones have their 

individual movements.  Because the proximal row is 

simultaneously related to the articular surfaces of the radius 

and the distal row, it adapts constantly to these mobile 

surfaces. The scaphoid bone leads to the stability of the 

midcarpus of the wrist because it articulates distally with the 

trapezium and the trapezoid bones. Due to transverse arch 

movement of the distal row with the metacarpals, it is more 

rigid. 

 
Fig. 2: Structure of carpal bones. [12] 

For better understanding of the carpal bones 

biomechanically they are assumed to be arranged in three 

longitudinal columns. The first column is a radial scaphoid 

column comprises of the scaphoid, trapezium, and trapezoid. 

Second column a lunate column comprises of the lunate and 

capitate. The third column is an ulnar triquetral column 

comprises of the triquetrum and helmet. Since pisiform is 

embedded in the flexor carpi ulnaris tendons, so it is 

regarded as sesamoid bone. 
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Except the pisiform bone all other carpal bones 

have six surfaces. Out of these the rough surfaces are the 

anterior or Palmar and the posterior or dorsal surfaces, for 

ligamentous attachment; the dorsal surfaces being the 

broader, except in the lunate. 

The superior or proximal, and inferior or distal 

surfaces are articulated, the superior generally convex, the 

inferior concave; the medial and lateral surfaces are also in 

contact with contiguous bones, otherwise they are rough and 

tuberculated. The structure in all is similar: cancellous tissue 

enclosed in a layer of compact bone. 

III. MOVEMENTS 

The neutral position of hand is when the third finger is 

collinear with the forearm and third finger also runs over the 

capitate bone at the same time. This should not be confused 

with the mid position of the hand, which corresponds to an 

ulnar deviation of 12o. While hand is in the neutral position, 

abduction and adduction are two possible movements of the 

hand. Abduction movement is also known as radial 

deviation. This movement is 15o towards the radius of a 

hand. Adduction movement is also known as ulnar 

deviation. This movement is about 40o towards the ulna of 

the hand and the arm is in strict supination and slightly 

greater in strict pronation.  Flexion is bending of the hand 

towards the palm. This position is also called Palmar 

flexion. Extension is bending wrist towards the back of the 

hand. This position is also known as dorsiflexion is possible 

with a total range of 17o. In cane handle major concern is 

about dorsiflexion, which leads to carpal tunnel syndrome. 

Optimal posture for power grip of cane handle is at 20° of 

wrist extension and 5° of ulnar deviation of the wrist. 

IV. DETAILS OF CARPAL BONES. 

As discussed 8 carpal bones are present in human hands. In 

this section detailed bone structure of the carpal region will 

be studied. These bones do play a role in developing the 

carpal tunnel syndrome. But in the designing stage it is 

necessary to design a handle based on the physical shape of 

the bones to uniformly distribute the load over all the eight 

bones. Stress concentration or pressure on the individual 

bone will aggravate the matter. These bones are mainly 

responsible for movement of the wrist. Sometimes due to 

wrong posture and many other factors discussed later 

contribute to the CTS. 

To understand the carpal tunnel syndrome we 

further need to have knowledge about the carpal tunnel 

present in the wrist.        

The lunate bone is also called as semilunar bone. It 

has crescent-shaped. This bone is found in the proximal row 

of carpal bones in the human wrist. Its crescent outline and 

concavity distinguished it from other bones. It is located in 

the middle of the proximal row of carpal bones, which lie 

between the ulna and radius. The lunate carpal bone is 

situated between the lateral scaphoid bone and medial 

triquetral bone. 

Proximally, the lunate bone touches the radius. 

Laterally, lunate bone makes a joint with the scaphoid, 

distally with the capitate and medially with the triquetral. 

The lunate also makes joint on its distal and medial surface 

with the hamate bone. Lateral ligament to the triquetrum and 

medial ligament to the scaphoid are mainly responsible to 

stabilize the lunate bone. Apart from these ligaments, 

ligaments between the carpal bone and radius also stabilize 

the lunate. 

The scaphoid bone, derived its name from the 

Greek word scaffolds which means “boat-shaped”. Scaphoid 

bone is located on the thumb side or radial side of the wrist. 

The radial border of the carpal tunnel is formed by this 

bone. Scaphoid bone is proximal row’s largest bone. Its 

shape and size related to a medium cashew and it has a long 

axis downward, lateral ward, and forward. 

The scaphoid bone is positioned between the distal 

and proximal rows of carpal bones on the radial side of the 

wrist. Scaphoid bone is surrounded by the capitate, lunate, 

trapezoid, radius and trapezium. Articular cartilage covers 

approximately above 80% of the bone. Along with the 

Lunate bone, the scaphoid is the major bone involved in the 

movement of the wrist because it articulates with the radius 

and ulna. The scaphoid acts as a common link between the 

distal and proximal rows. The scaphoid bone flexes from its 

position with the wrist movement. 

  The capitate bone is the heart of the carpal bone 

region because it is located in the center of the carpal bones. 

The capitate bone is located at the distal row. It makes a 

joint with the third metacarpal bone known as the third 

carpometacarpal joint. The capitate provides the major 

support to the middle finger. It is the largest of the 8 bones 

of carpal. On the proximal side capitate bone has a round 

shape portion that fixes into the concavity of the scaphoid 

and lunate bones. On the distal surface metacarpal of the 

ring finger lies directly adjacent to the capitate bone. On the 

radial surface, capitate bone has trapezoid and on the ulnar 

surface it has the hamate bone. On the proximal surface it 

connects to the lunate and scaphoid. 

The hamate bone is also called as "hook" because 

of its hook like projection on the palmer surface. The 

hamate bone has irregular and wedge shape that 

distinguishes it from other bones. The hamate bone is 

located in the distal row. It joins the metacarpals of the ring 

and little finger. On the ulnar side, the pisiform bone is 

adjacent to the hamate bone, on the radial side, capitate is 

adjacent to it and on proximal side is the lunate bone.  

On the proximal, ulnar side, the hook of hamate is 

present. Hook is also known as hamulus. The hook projects 

1–2 cm radially and distally. The hook forms the ulnar 

border of the tunnel and the radial border of Guyon's canal 

is formed by the hook. Various ligaments and tendons like 

ligaments of the transverse carpal and the tendon of Flexor 

carpi ulnaris. 

The triquetral bone is also known as pyramidal, 

triquetrum, three-cornered bone, and formerly it was also 

known as cuneiform bone. The triquetral bone in the 

proximal row is found on the median side between the 

pisiform and lunate bones. The triquetral bone is present on 

the ulnar side of the wrist, but it has no joint with the ulna. 

The pisiform bone is situated above it articulated by an oval 

isolated facet. To touch or examine the triquetral, it is 

necessary to move the hand radially because of its position 

on the ulnar and upper side of the carpus. Since the 

triquetrum bone lies beneath pisiform, it is difficult to find. 

The pisiform bone is a pea shaped small knobbly 

bone. It also contributes to the ulnar border of the tunnel. It 
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is a small in size and present in the proximal row of the 

carpus make a joint with the ulna bone on one side and on 

the other side with the triquetral bone. It is surrounded by 

the tendon of the flexor carpi ulnaris muscle. It has 

spheroidal shape. The pisiform bone has no role to play in 

wrist movement. 

The trapezoid bone is also called as lesser 

multangular bone. It is present in the distal row, wedge-

shaped and smallest in this row. Its wedge shape gets 

broadened to the dorsal side and narrow on the palm side. It 

has sharp edges that articulate the four facets.       

The trapezium bone is also called as greater 

multangular bone constituting the radial border of the tunnel 

and on its anterior surface has deep groove. It is located 

between metacarpal thumb bone and the scaphoid on the 

radial side. It is mainly responsible for movement of thumb. 

V. CARPAL TUNNEL 

Carpal tunnel as shown in figure-3 has very complex 

geometry. A brief description about the carpal tunnel is 

necessary to understand the carpal tunnel syndrome. 

Because the part whose malfunctioning leads to carpal 

tunnel syndrome, passes through the tunnel.  In the wrist, the 

carpal tunnel is present on the palmer side of the human 

wrist. It forms a connecting link between the hand and the 

forearm. Connective tissue, flexor retinaculum and wrist 

bone as discussed above surrounds the carpal tunnel. 

Different tendons of flexor like Flexor digitorium 

superficialis tendons, Flexor digitorium profundus tendons, 

the Flexor pollicis longus tendon and Flexor carpi radialis 

tendon passes through the carpal tunnel along with the 

median nerve.  

 
Fig. 3: Longitudinal view of carpal tunnel. [14] 

An arch is made of carpal bones on the dorsal side 

and the sulcus carpi, covered by tough connective tissue 

named as flexor retinaculum. The arch is convex on the 

bones side and concave on the tissue side. On the side of the 

radius, it is attached to the scaphoid bone is connected to the 

flexor retinaculum on the side of the radius bone. To be 

more precise tissue also attached to the ridge of trapezium 

and with tubercle of the scaphoid bone. The flexor 

retinaculum is connected to the hook of the hamate and the 

pisiform bone on the ulnar side. The carpal tunnel has 

different cross section, but has narrowest cross section of 

area of 1.6 cm2. This narrow section is situated beyond 

distal row’s mid line. 

There are a sum of nine flexor tendons passing 

through the carpal tunnel. There are four flexor digitorum 

profundus and flexor digitorum superficialis each. There is 

one flexor pollicis longus tendon. Flexor carpi radialis 

tendon is another tendon that is also part of the carpal 

tunnel, although it travels in the flexor retinaculum which 

covers the carpal tunnel, rather than running in the tunnel 

itself. 

Ulnar sheath is the common passage for the flexor 

digitorum superficialis tendons and Flexor digitorium 

profundus tendons, whereas the radial sheath provide 

passage for the flexor pollicis longus tendon. All these 

tendons share a common mesotendon. Mesotendon is 

connected to the palmar and radial walls of the tunnel. A 

single nerve that passes through the tunnel is the median 

nerve is a single nerve passing between profundus and the 

superficialis tendons in the carpal tunnel. Apart from these 

tendons and nerve, there is an ulnar tunnel present on the 

palmer side of the tunnel. The ulnar artery and ulnar nerve 

pass through the ulnar tunnel.  

An important role is played by the carpal tunnel in 

the wrist movement. During the movements of the wrist 

there is a continuous change of width and shape of the 

carpal tunnel. Since the bone walls of the carpal tunnel are 

not rigid in nature, they move relative to each other with 

movement of the wrist. Due to this movement width of 

tunnel decreases. Irrespective of flexion and extension of the 

wrist, there is an increase in compression in the carpal 

tunnel. During flexion, two factors come into play. First, the 

proximal row opening of passage reduces due to movement 

of the flexor retinaculum closer to the radius. Second, is due 

to the movement of the capitate bone. Its distal end moves 

inward in the opening. During the extreme extension 

position of the wrist, the passage is reduced because the 

lunate is moved towards the interior of the carpal tunnel. 

VI. CARPAL TUNNEL SYNDROME. 

During the compression of the median nerve as it runs deep 

to the transverse carpal ligament (TCL) causes atrophy of 

the thenar eminence, weakness of the flexor pollicis brevis, 

opponens pollicis, abductor pollicis brevis, as well as 

sensory loss in the digits supplied by the median nerve. The 

superficial sensory branch of the median nerve, which 

provides sensation to the base of the palm, branches 

proximal to the TCL and travels superficial to it. Thus, this 

branch spared in carpal tunnel syndrome, and there is no 

loss of palmar sensation. 

There is always a gradual start of the carpal tunnel 

syndrome symptoms.  There is a feeling of tingling, pain 

and numbness in all hand fingers except little finger. Feeling 

like an electric shock is experienced in hand with the 

passage of time. The electric shock sensation may move to 

your forearm. The intensity of this sensation will be enough 

to wake you up from sleep. The numbness in the fingers will 

become constant, weakness in gripping and dropping of 

objects will occur.  
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Fig. 4: Position of median nerve in tunnel. ]11] 

There are a number of risk factors have been 

associated with carpal tunnel syndrome anatomic factors 

like wrist fracture, inflammable etc. But we are concerned 

about the development of the syndrome by use of cane 

handle. The person using a handle that requires prolonged or 

repetitive extending or flexing of the wrist may create 

harmful pressure on the median nerve or worsen existing 

nerve damage. Carpal tunnel syndrome can be associated 

with any condition that causes pressure on the median nerve 

at the wrist. The Sex of the person is another important 

factor. Carpal tunnel syndrome is generally more common 

in women using a walking stick. This may be because the 

carpal tunnel area is relatively smaller in women than in 

men. Women who have carpal tunnel syndrome may also 

have smaller carpal tunnels than women who don't have the 

condition. 

When people use a walking stick and are unaware 

about the extension or flexion of the wrist. During the stick 

handling, bending of the hand occurs due to which the area 

of the carpal tunnel decreases. With the decrease in the area 

the median nerve gets pressed and that is the condition for 

carpal tunnel syndrome. When a person uses a stick for a 

long time with pressure on median nerve the situation 

becomes worse and ultimately leading to pain and tingling 

in the affected fingers. While an extension of the wrist, 

pressure on the carpal tunnel increases 10-fold the normal 

pressure in neutral position. Repetitive flexion and extension 

at the wrist significantly increase the fluid pressure in the 

tunnel through thickening of the synovial tissue that lines 

the tendons within the carpal tunnel. 

The position of the wrist while holding a cane is a 

major factor leading to carpal tunnel syndrome in the people 

using sticks as a walking aid. As discussed while using a 

cane for a prolonged time with extension or flexion reduces 

the carpal tunnel area due to which the symptoms are 

experienced by the user. Peak finger forces were produced 

at 20° of wrist extension and 5° of ulnar deviation of the 

wrist posture in the power grip [10]. With 20° extension the 

median nerve is well within the range of 9.6 mm that is 

permissible for median nerve work effectively. If the 

extension is greater than 20° it will reduce the grip strength 

and the chances of carpal tunnel syndrome. Many studies 

have been done concluding the optimal wrist posture for 

power handle to reduce carpal tunnel syndrome and 

dorsiflexion, but no one has shown the actual reason behind 

it that leads to this problem. Dorsiflexion is the major 

problem associated with the use of walking stick. 

Dorsiflexion is bending of the wrist towards the back side. 

As studied the human hands are more prone to the CTS 

during extension posture. As Pressure on tunnel increases 

10-fold during dorsiflexion and the area of the carpal tunnel 

decreases and any external load on the wrist will directly 

compress the median nerve and lead to CTS. It can be 

concluded that this is the actual reason leading to the 

problem. The detailed study of the carpal region with bones, 

tendons, carpal tunnel and median nerve during handling of 

walking stick will help in understanding the problem 

effectively. 

VII. CONCLUSIONS. 

The position of the wrist while holding a cane is a major 

factor leading to carpal tunnel syndrome in the people using 

sticks as a walking aid. As discussed while using a cane for 

a prolonged time with extension or flexion reduces the 

carpal tunnel area due to which the pain, numbness, and 

tingling is experienced in the thumb, index finger, middle 

finger, and the area along the middle finger of the ring 

finger. The median nerve can usually move up to 9.6 mm, 

allowing the wrist to flexion and extension. Peak finger 

forces were produced at 20° of wrist extension and 5° of 

ulnar deviation of the wrist posture in the power grip [10]. 

With 20° extension the median nerve is well within the 

range of 9.6 mm that is permissible for median nerve work 

effectively. If the extension is greater than 20° it will reduce 

the grip strength and the chances of carpal tunnel syndrome. 

Many studies have been done concluding the optimal wrist 

posture for power handle to reduce carpal tunnel syndrome 

and dorsiflexion, but no one has shown the actual reason 

behind it that leads to this problem. It can be concluded that 

this is the actual reason leading to the problem. The detailed 

study of the carpal region with bones, tendons, carpal tunnel 

and median nerve during handling of walking stick will help 

in understanding the problem effectively. 
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