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ABSTRACT 

As one of the common peripheral neuropathies, 

carpal tunnel syndrome (CTS) is accountable for 

the majority of typical hand pain and functional 

disturbance in median nerve innervation. The 

median nerve compression may cause some 

uncomfortable sensations including pain, 

numbness, tingling, and strength loss which also 

depends on the severity of the condition. Many 

factors could contribute to CTS occurrence. 

Several risk factors are thought to be in charge 

in CTS progressions, such as body mass index 

(BMI), gender, pregnancy, and biomechanical 

exposures combination is significantly 

explained as the major component in suffering 

CTS. Clinicians need to know the contributing 

risk factor to benefit the information within the 

implication for the treatment and reducing 

symptoms severity. 

Keywords: carpal tunnel syndrome, risk factor, 

multifactor 

INTRODUCTION 

Carpal tunnel syndrome (CTS) is 

one of many common peripheral 

neuropathies. This condition is estimated to 

occur in around 90% of peripheral 

neuropathies. CTS is a condition that is 

caused by median nerve compression. This 

median nerve entrapment approximately 

affects 3% of the adult population.
1 

CTS is

also demanding a high cost of healthcare 

system treatment with the addition of 

approximately 3,8% believed to present 

with CTS.
1,2 

These common canalicular

neuropathies are a typical reason for hand 

pain and functional impairment. The 

complaints can be varied, starting from pain, 

tingling, numbness, and swelling sensation 

on the hand and throughout median nerve 

distribution. The discomforts often awaken 

patients at night following the pain and 

numbness in their hands. These classic 

symptoms may also extend to the shoulder 

which could be reassured by shaking the 

wrist.
3
 Approximately 20% of people with

the main complaint of hand pain, numbness, 

and tingling sensations are having CTS 

according to physical and 

electrophysiological examinations.
4 

Feeling numbness or swelling at 

midnight and extremely wrist pain 

spreading to the shoulder are some of the 

classic symptoms of CTS. The dermatome 

with median nerve innervation produces an 

inconvenient perception across the thumb, 

index finger, middle finger, and radial side 

of the ring finger.
5
 Not only could these

symptoms cause discomfort but also 

accumulate and form a disturbance 

following the strength in gripping and hand 

function. Muscle wasting in the base of the 

thumb may also occur over a long period of 

untreated CTS.
6 

People age between 40 to

60 is more susceptible to acquiring CTS.
1,7

This condition also costs distinct towards 

the treatments, as it may consist of 

conservative and surgical. High cost of 

treatment has happened in the US as data 

showed the spending of around one billion 

US dollars each year regarding the 

intervention of CTS.
8 
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The 4% prevalence of CTS in the 

general population is a warning toward 

disease definition and the etiology of CTS 

which is multifactorial and involves 

systemic disorder.
9,10

 Some systemic 

disorders which contribute to CTS are 

diabetes mellitus, obesity, and 

hypothyroidism. Women with the post-

menopausal syndrome are also commonly 

affected.
10 

 

 
Figure 1: Open release carpal tunnel surgery to release the 

tension of the median nerve entrapment. 

 

The etiology of CTS may include 

systemic, anatomical, idiopathic, ergonomic 

aspects, some indicators such as age, 

gender, and body mass index (BMI) 

associated as the risk factors of CTS.
11

 

Higher BMI score is associated with a 

higher risk of developing CTS. The data 

also showed that obese individuals have a 

2.5 times higher risk of forming CTS 

compared to individuals with lower BMI. 

On the other hand, there is no clear 

explanation about CTS relationship with 

another anthropometric measurement, such 

as wrist and waist circumference.
11,12

 

As the number of obese individuals 

is rising, it is important to discuss the effect 

of obesity on CTS as it may contribute to 

the choice of treatment in the future. This 

paper is aimed to describe and review the 

existing literature about the current 

association between CTS and obesity as a 

major risk factor.   

Anatomy of Carpal Tunnel 

The Carpal tunnel is bordered with 

eight carpal bones and a part of a tough 

fibrous ligament called the transverse carpal 

ligament (TCL).
13

 Carpal tunnel provides 

passage for eight flexor tendons including 

two tendons four tendons of flexor 

digitorum superficialis and four tendons of 

flexor digitorum profunda. Two additional 

contents in the carpal tunnel are the flexor 

pollicis longus and median nerve.
13,14

 At the 

entrance of the carpal tunnel, the median 

nerve is located at the dorsal of palmaris 

longus or the middle of flexor carpi radialis 

(FCR) and palmaris longus. In the distal of 

the tunnel, the nerve is divided into six 

branches, including the thenar or motor 

branch, three palmar digital nerves, and the 

common palmar digital nerves that filling 

the second and third spaces. 

The median nerve innervates three 

radial fingers and the radial half of the ring 

finger at the palmar face. The median nerve 

also comprises the dorsal face of the first 

three fingers for the last two phalanges.
13

 

With the ten contents of the carpal tunnel, 

the tunnel is packed tightly. This will result 

in a susceptible space of compression 

problem if any volume inside the tunnel is 

increased.
14 

A Carpal tunnel connects the 

anterior part of the distal forearm with the 

space in the mid-palmar of the hand. Carpal 

tunnel forms a backward convex bony arch 

in the bottom as the result of carpal bone 

articulations. This is resulting in the dorsal 

side with concave in the palmar side, 

assembling a tunnel-like groove called 

sulcus carpi.
14

 Normal pressure in the carpal 

tunnel of healthy individuals is around 2 - 

10 mmHg with the wrist in the neutral 

position. Other activities of the hand 

including flexion and extension provide 

distinctive pressure in each position.
14,15 

 

Pathophysiology of CTS 

The neuropathy of median nerve 

entrapment is caused by the process of 

traction and compression. The median nerve 

compression causes some disturbances and 
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alterations in intraneural microcirculation. 

This compression may also cause some 

myelin sheaths and axons lesions with 

additional connective tissue alterations. This 

peripheral nerve entrapment may happen 

due to the over-tightness of its passage 

through an anatomical site. Functional 

properties may also be altered because of 

the damaged nerve in the site of 

compression.
16

 Several pathophysiologic 

mechanisms may occur throughout the 

process, including the increased pressure, 

nerve injury, inflammation, and connective 

tissue alterations.
17,18

 

As mentioned before, increased 

pressure in the tunnel due to changes in 

wrist position or external forces may lead to 

median nerve entrapment.
15

 In normal 

conditions, the high pressure can be 

withstood by the median nerve as a result of 

the median nerve and surrounding 

connective tissues’ hydrostatic pressure.
19

 

Compression due to mechanical forces may 

result in demyelination. This demyelination 

process may spread to all internodal 

segments causing a block in nerve 

transmission or neuropraxia.
15,20 

Small 

unmyelinated C fibers are also in charge of 

developing distinctive symptoms. Damaged 

C fibers induce abnormal expression of 

voltage-gated sodium channels (VGSC) 

causing an exaggeration in responses to 

stimuli.
21

 Ischemic injury is also an 

important aspect of CTS. The combination 

between ischemic injury and continuous 

mechanical pressure leads to changes in the 

nerve fibers and causing axonal injury. 

These alterations can be detected through 

standard nerve conduction studies. In 

response to the repetitive motion of the 

wrist, it may result in inflammation or 

hypertrophy of the synovial of the tendons. 

Median nerve compression can be caused 

this synovial inflammation as the tendons 

run through the carpal tunnel.
19 

 

Risk Factor of CTS 

Until now, CTS is still an idiopathic 

condition, however, there are several 

probable risk factors which may contribute 

informing CTS.
22

 Environmental risk factor 

contributes significantly in CTS. Posture 

and position may play a big role in 

developing CTS.
14

 Occupational duties 

related to hand exertion duty, hand 

repetition, and hand vibration may result in 

symptoms of tingling, numbness, burning, 

or pain in the first three fingers.
23

 There are 

some factors included in medical factors 

such as external, intrinsic, and neuropathic 

factors. Intrinsic factors can increase the 

volume within the carpal tunnel, tumour and 

tumor-like lesions are thought to be the 

intrinsic factors. Extrinsic factors can be 

divided into two factors, the one that 

changes the tunnels’ contour such as a direct 

fracture or post-traumatic arthritis. An 

external factor may also change the volume 

inside the tunnel and alter the fluid volume 

in the body, these include obesity, 

pregnancy, menopause, renal failure, 

hypothyroidism, the use of hormonal 

contraceptives, congestive heart failure.
 

Some conditions may also worsen the 

median nerve without significantly escalate 

the pressure inside the tunnel, such as 

vitamin deficiency, alcoholism, diabetes, 

and toxin exposure.
24 

 

Association between BMI and CTS 

BMI is often associated with an 

increased chance of acquiring CTS. It is 

thought to be a dose-response relationship 

between overweight or obesity and the 

occurrence of CTS. Across several studies 

with distinctive study designs showed a 

similar result toward the effect of excess 

body mass on CTS.
25

 It was found that the 

patients who were received the carpal tunnel 

release procedure are likely to be 

overweight or obese individuals (BMI 

above 25). The exact mechanism 

explanation of the association between 

obesity and CTS is still unknown. However, 

there are several hypotheses toward the 

mechanisms. The accumulation of excess fat 

or adipose tissue filling the carpal tunnel 

causing a tighter tunnel with increased 

intercarpal pressure. This condition may 

contribute to an impaired vascularisation, 
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which leads to ischemia of the median nerve 

and other axonal injuries. Fibrosis and 

thickening under synovial connective tissue 

may also occur due to the high carpal tunnel 

pressure.
25,26

 As one of the fundamental 

components of metabolic syndrome, obesity 

is often associated with this peripheral 

neuropathy. Fatty deposition in patients with 

obesity and metabolic syndrome is the 

major cause of nerve injury as it may 

deposit in extracellular protein glycation, 

nerves, oxidative stress, and mitochondrial 

dysfunction.
26

  

Obese individuals may also develop 

other comorbidities, this may lead to the 

formation of edema in the extremity and 

later on may worsen the median nerve 

compression.
27

 The peak incidence of CTS 

is around 55-66 years old individuals. 

Obesity could also develop edema that 

sufficient to compress the median nerve and 

increase the carpal tunnel pressure even in 

adolescent individuals.
28-30

 According to a 

meta-analysis which was conducted by Shiri 

et al., men with obesity tend to generate a 

1.5 times bigger risk of acquiring CTS than 

slender individuals. The study also states 

that every unit's increasement in BMI 

intensifies the risk of CTS by 7.4% as it is 

causing an unfavorable defense against 

biomechanical exposures.
26,31 

Short and 

wide hands are more vulnerable to acquire 

CTS. Square-shape of the hand may also 

generate more risk in developing adverse 

effects caused by obesity.
31

  
 

Association between Age and CTS 

Although the natural history of CTS 

with associated risk factors is poorly 

understood. This focal compressive 

neuropathy and demyelination could 

deteriorate over time. According to this 

concept, it is possible to find a positive 

correlation between complaint and severity 

with increasing age. Increased in distal or 

sensory latencies is known to be caused 

aging factor. It is stated that age and 

anthropometric measurements contribute to 

increasing the median and ulnar nerve 

latencies. However, this might also be 

affected by factors other than the aging 

process. Age-specific incidence in a woman 

is increasing analogous with age especially 

at the sixth decade and declining 

afterward.
30,32

  

The incidence rate of CTS itself 

showed that the elderly tend to form more 

CTS compared to younger patients.
30

 

Severity of the CTS is also higher in elderly 

patients based on clinical signs, 

electrophysiology, and ultrasound 

examination. Many studies have shown of 

age contributes significantly to forming 

CTS.
32

  
 

Association between gender and CTS 

There are different results in CTS 

incidence among men and women. Women 

are likely to develop CTS three times higher 

than men. Several factors are contributing to 

this condition, starting from hormonal 

status, pregnancy, anthropometric 

properties, biomechanical exposures.
33

 A 

study conducted among industrial workers 

with the exposure of biomechanical work, 

women had a 2 times higher chance to 

acquire CTS.
34

 Endocrine factors could play 

a major role in generating CTS. Besides 

hormonal factors in pregnancy, menopause 

has also been thought to be a risk factor.
33

 

Idiopathic CTS in women may also be 

caused by estrogen receptors upregulation 

within the tenosynovial tissue. This may 

contribute to fluid retention and hormonal 

fluctuation which are resulting in local 

edema and lead to alteration of spaces ratio 

within the carpal tunnel.
35

 According to a 

case-control in Turkey, the age of 

menopause can be used as a predictor of 

CTS formation.
36

  

Distinctive anthropometric 

properties may also be in charge in 

association with CTS. The different 

configurations of each gender’s wrist and 

carpal tunnel anatomy predispose the CTS 

condition. Smaller free space in the tunnel 

was also proven by magnetic resonance 

imaging in a study focused on the 

characteristic of women’s carpal tunnel. The 

condition could lead to a higher risk of CTS 
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and also a more severe CTS condition.
37

 In 

addition, full-time housewives were found 

to be having a higher incidence of CTS 

compared to non-manual workers, repetitive 

activities of biomechanical exposure were 

responsible for this.
38

  
 

Occupational risk factor  

The constraint spaces inside the 

tunnel with median nerve and nine flexor 

tendons pass through the tunnel cause the 

carpal tunnel to be vulnerable against 

several hand motions.
14

 Physical occupation 

activities, such as repeated and forceful 

posture changes of the wrist are quite 

commonly associated with CTS. Routine 

and prolonged flexion or extension of the 

wrist are highly related to the drastic 

changes in the tunnel’s pressure.
29

 Fish and 

meat processing industry workers with 

workers in the forestry industry were found 

to have the highest risk of developing CTS. 

It is thought that a minimum of 4 kg hand 

force with more than 50% repeated 

performing the same motion or cycle time 

under 10 seconds, and an 8 hours frequent 

movement with an acceleration of 3,9m/s
2
. 

Exposure to prolonged strong vibration may 

also increase the risk of CTS, for example, 

workers that need to use rock drill machines 

and chainsaws.
29,39

  
 

Multifactorial Contributions in CTS 

CTS is a multifactorial condition 

that occurs with a combination of several 

risk factors. In the past, CTS was thought to 

be caused by a single risk factor related to 

repetitive hand and wrist movements, 

especially individuals that spend most of 

their work with their computer.
15

 However, 

many predisposition conditions turned out 

to affect the occurrence of CTS. For 

example, a congenital predisposition is 

highly related to CTS cases. Any 

comorbidities may also contribute to the 

making of CTS it shows that CTS is a 

multifactorial condition that could not be 

explained as caused by only a single risk 

factor. There is barely any study research 

that stands with CTS as a single risk factor 

condition.
10,15,24

 This multifactorial aspect 

can be used to implicate the treatment for 

those with CTS. Eliminating the risk factor 

hopefully may decrease the severity of the 

condition parallel with musculoskeletal-

specific treatments. Before taking the 

patients into surgery, non-surgical therapy 

should be applied at first, such as 

medications, wrist splints, physical therapy, 

and reducing the risk factors. Alternative 

working tools at work can be protective 

equipment regarding the biomechanical 

exposure from vibration and forceful 

movements of the wrist.
15,40 

Not only can 

risk factors be implied in the therapeutic 

approach, but also in becoming a CTS 

predictor. Any protective equipment 

including avoidance of the risk factor can be 

considered. 

 

CONCLUSION  

CTS is one of the most common 

peripheral neuropathies. Until now, the 

exact progress is still unknown; several risk 

factors may contribute to forming CTS. 

Increased pressure inside the carpal tunnel 

could compress the median nerve causing 

several disturbances starting from mild to 

severe symptoms. CTS is a multifactorial 

condition that is caused by the association 

of several risk factors that may also 

contribute to the severity of the condition. It 

is important for clinicians to know and 

notice the risk factors as it may reduce the 

chance of acquiring CTS. By knowing the 

risk factors of CTS, clinicians will have the 

option to treat the patients regarding the 

implications of the risk factor in reducing 

the symptoms and severity of CTS. Further 

studies need to be conducted to study the 

effect of a single risk factor contribution in 

the making of CTS. 
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