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This study was designed to investigate the median nerve cross-sectional area of the upper extremity which is the main 
cause of CTS in the 20s and 30s. The median nerve cross-sectional area (MNC-area) of each part of the upper limb was 

measured in healthy 20s and 30s females and males without neurological diseases or other diseases. This MNC-area 
was compared with the hand, wrist, finger, and other body indexes. The research group was divided into 20s female and 
male groups, and the 30s were also divided into female and male groups. In the comparison between the ages, the hand, 
and wrist configurations in the 30s were significantly higher than those of the 20s. The mean median nerve cross-sectional 
area was significantly larger in the male group than in the female group in both 20s and 30s, and it was larger in both 
men and women than in the 20s. Hand and wrist configurations were also positively correlated with the median nerve 

cross-sectional area in both 20s and 30s. The median values of hand ratio and wrist ratio were 2.26 and 0.65, respectively. 
This median value of hand ratio was inversely correlated with the median nerve cross-sectional area. The median nerve 
cross-area of the 20s was 6.88~7.38 mm2 in the male group and 5.69~6.99 mm2 in the female group, respectively. The 
median nerve cross-area of the 30s was 6.32~8.89 mm2 in the male group and 6.15~7.17 mm2 in the female group, 
respectively. The mean median nerve cross-sectional area was positively correlated with body mass index in both groups. 
Most of the variables were higher in their 30s than in their 20s. 
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INTRODUCTION 

 

The carpal tunnel is a small passageway formed by the 

bones and ligaments of the wrist beneath the skin tissue in 

front of the wrist, where nine tendons and one median nerve 

pass through the hand. It causes numbness, pain, and hypo- 

motility on the palms and fingers (Katz et al., 1982). Patients 

who do not understand the pathologic severity of the disease 

are often forced to go to the hospital only after their muscular 

atrophy has progressed considerably. Although the precise 

mechanism of carpal tunnel syndrome has not been eluci- 

dated, it is theoretically possible to cause any case that can 

reduce the cross-section of the carpal tunnel, but in most 

cases, it is the most common cause of the pressure on the 

nerve by thickening the ligament covering the carpal tunnel. 

Housewives who spend their days working on domestic 

labor, those who work with knocking on a computer key- 
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board, or those who spend a lot of computer games or cell 

phone letters can get sick. The average annual growth rate 

was 10.7%. In terms of medical expenses, it increased by 

about 120 billion (59.4%) over five years from 200 billion 

in 2007 to 320.2 billion in 2011, and the average annual 

growth rate was 12.4%. Carpal tunnel syndrome (CTS) 

shows symptoms such as pain, numbness and burning sen- 

sation in the hand, sensory impairment of the median nerve 

distribution site, and atrophic muscle atrophy. Additionally, 

pain is accompanied by an abnormally delayed neurotrans- 

mission rate to confirm the extent of the precise site can not 

find the disadvantage. Recently, diagnostic tests using ultra- 

sonography have been gradually expanded. Therefore, it is 

possible to find the precise location of the disease and to 

distinguish it easily from other neuromuscular diseases. 

Kutlar et al. Recently reported that Doppler ultrasonography 

is a very useful diagnostic test for determining the severity 

of CTS (Kutlar et al., 2017). The guideline for the diagnosis 

of CTS through ultrasonography has been using the normal 

value of the median nerve cross-sectional area (CSA), which 

has been widely used worldwide. However, applying the 

CSA normal value of the median nerve to the Korean popu- 

lation may be inappropriate. Therefore, in this study, we will 

present a guideline for them by analyzing the normal value 

of median nerve CSA adaptable to Koreans. For the purpose 

of this study, we studied healthy adults in their 20s and 30s 

who are well-suited for CTS. 

 

MATERIALS AND METHODS 

Subjects 

A study was conducted on 200 healthy volunteers who 

did not have carpal tunnel syndrome (CTS) in their 20s and 

30s (HI-Ob scale) (Table 1). The subjects of this study were 

believers in the 'A' catholic church in Busan. In this study, 

the criteria to be excluded were carpal tunnel syndrome and 

musculoskeletal disease patients, those who had experienced 

one or two specific surgery, diabetes patients, hypertension 

patients, cancer patients, arthritis patients, rheumatic disease 

patients, autoimmune disease patients, neurological patients. 

This study was supported by the Institutional Review Board 

(IRB) Catholic University of Pusan. 

Body measurements 

The weight and height were measured, and we check 

whether the handle is right or left handed. Then the hand 

ratio [(palm length + third digit length) / palm width] and the 

wrist ratio (wrist depth / wrist width) were also measured. 

Measurement of cross sectional area size by neuro- 

ultrasound 

Ultrasonography was used to measure the cross sectional 

area size (CSA) of median nerve angular position (wrist, mid- 

forearm, and mid-arm. The equipment used in this experi- 

ment was PROSOUND ALPHA7 (Hitachi Aloka Medical, 

Ltd., Japan). 

 

RESULTS 

Wrist condition of subjects 

Participants who were finally selected in this study were 

both normal in Phalen's test and Tinel's pain. 

The evaluation of the nerve conduction study 

All participants in the nerve conduction study had no 

capal tunnel syndrome (CTS). 

The basic data of the participants 

Among the total number of patients, the twenties were 

240 (140 females vs. 100 males) and the thirties were 216 

(112 females vs. 104 males). 

All subjects had no any diseases and the remaining data 

are shown in Table 1. 

The hand and wrist configurations in the subjects 

Table 2 shows the hand and wrist configurations of the 

subjects. In the twenties (20s), the male group had larger 

variables than the female group (P<0.05). In the thirties 

(30s), the male group was also higher than the female group. 

In all age groups, all of the variables were larger than those 

in the 20s (P<0.05). In the comparison between age groups, 

most of the variables were larger in the 30s than in the 20s 

(P<0.05) (Table 2). 
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The hand ratio in the subjects 

In the 30s, the hand ratio-R and hand ratio-L of the male 

group were significantly lower than those of the female 

group (P<0.05) (Table 3). However, the wrist ratio-R and 

wright ratio-L levels of the 30s-male group were significantly 

Table 1. The basic data in twenties and thirties 

 
Variable 

Twenties (n=240) 
 

Thirties (n=216) 

F M F M 

Sample size (no.) 140 100  112 104 

Age (year) 23.09±2.57 23.21±3.02  33.12±2.24 34.03±3.16 

Height (cm) 161.03±5.62 173.55±5.11*  162.14±4.32 174.20±3.50* 

Weight (kg) 57.40±10.57 70.45±10.68*  58.72±10.26 72.75±9.67* 

BMI (m2) 22.09±3.56 23.21±3.01*  21.27±3.52 23.95±2.64* 

Nerve disease None None  None None 

Data are expressed mean ± standard deviation (SD) 
*, P<0.05 (statistical significance compared with the female group) 
Abbreviation: F, female; M, male; BMI, body mass index 

Table 3. Comparison of the hand ratio between twenties and thirties 

 
Ratio 

Twenties (n=240) 
 

Thirties (n=216) 

F M F M 

Hand ratio-R 2.23±0.12 2.21±0.12  2.30±0.11 2.13±0.09* 

Hand ratio-L 2.28±0.11 2.24±0.13  2.48±1.27 2.17±0.13* 

Wrist ratio-R 0.66±0.04 0.68±0.04  0.68±0.03 0.79±0.19*† 

Wrist ratio-L 0.68±0.04 0.69±0.05  0.68±0.04 0.75±0.25*† 

Data are expressed mean ± SD 
*, P<0.05 (statistical significance compared with the female group); †, P<0.05 (statistical significance compared with the twenties) 
Abbreviation: F, female; M, male; R, right; L, left 

Table 2. Comparison of the hand and wrist configurations between the twenties and thirties 

 
Part of hand 

Twenties (n=240) 
 

Thirties (n=216) 

F M F M 

Palm portrait-R (cm) 9.75±0.51 10.57±0.70*†  9.84±0.53† 10.47±0.48* 

Palm portrait-L (cm) 9.63±0.58 10.63±0.64*†  9.85±0.47† 10.47±0.31* 

Palm horizontal-R (cm) 7.58±0.38 8.33±0.59*  7.72±0.53† 8.61±0.37*† 

Palm horizontal-L (cm) 7.49±0.53 8.24±0.55*  8.76±0.37† 8.45±0.36† 

Third finger-R (cm) 7.34±0.53 7.81±0.46*  7.48±0.48† 7.79±0.36* 

Third finger-L (cm) 7.37±0.56 7.82±0.46*  7.84±0.29† 7.86±0.35 

Wrist horizontal-R (cm) 4.02±2.67 5.14±1.27*  4.92±0.52† 5.76±0.60*† 

Wrist horizontal-L (cm) 4.03±1.74 5.09±1.25*  4.78±0.43† 5.75±0.50*† 

Wrist depth-R (cm) 2.92±1.74 3.29±0.94*  3.58±0.23† 4.45±0.50*† 

Wrist depth-L (cm) 2.69±1.75 3.31±0.95*  3.59±0.23† 4.36±0.57*† 

Data are expressed mean ± SD 
*, P<0.05 (statistical significance compared with the female group); †, P<0.05 (statistical significance compared with the twenties) 
Abbreviation: F, female; M, male; R, right; L, left 
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higher than those of the female group as well as those of 

the 20s-male and female groups (P<0.05) (Table 3). 

The size of the median nerve-CSA in the subjects 

The size of the median nerve-CSA was significantly 

larger in the male group than in the female group in both 

20s and 30s (P<0.05). In the comparision between age, all 

the 30s-male and female-groups were significantly larger 

than the 20s-male and female groups (P<0.05) (Table 4). 

The size of the median nerve-CSA according to the 

median values of hand and wrist ratios in the subjects 

Table 5 shows the differences in the size of the median 

nerve-CSA according to the median values of the hand and 

wrist ratios. The median value of hand ratio was 2.26 and 

the median wrist ratio was 0.65 in the subjects, so the size 

of the median nerve cross-sectional area was compared based 

on the median values of these two parameters. The subjects 

Table 5. Comparison of the size of the median nerve-CSA according to the hand ratio and wrist ratio in the subjects 

 
Location of MN 

Hand ratio 
 

Wrist ratio 

<2.26 ≥2.26 <0.65 ≥0.65 

Wrist crease-R (mm2) 7.67±2.05 6.65±1.29*  7.03±1.24 7.35±2.02* 

Wrist crease-L (mm2) 7.46±1.66 7.01±1.40*  7.09±1.28 7.33±1.66* 

Mid-foream-R (mm2) 6.26±1.42 5.98±1.07*  5.78±1.13 6.29±1.14* 

Mid-foream-L (mm2) 6.36±1.44 5.94±0.07*  5.86±1.01 6.31±1.27* 

Mid-arm-R (mm2) 6.45±1.28 5.94±1.19*  6.40±1.15 6.19±1.31* 

Mid-arm-L (mm2) 6.36±1.28 6.12±1.09*  6.32±1.33 6.25±1.17* 

Axilla-R (mm2) 6.80±1.30 6.53±1.14*  6.66±1.06 6.70±1.31* 

Axilla-L (mm2) 6.94±1.29 6.53±0.95*  6.62±1.00 6.83±1.24* 

Swelling ratio-R (mm2) 1.24±0.27 1.13±0.21*  1.05±0.27 1.18±0.25* 

Swelling ratio-L (mm2) 1.20±0.20 1.16±0.25*  1.17±0.26 1.19±0.5* 

Data are expressed mean ± SD 
*, P<0.05 (statistical significance compared with hand ratio<2.26 or wrist ratio<0.65) 
Abbreviation: R, right; L, left 

Table 4. Comparison of the median nerve-CSA between twenties and thirties 

 
Location of MN 

Twenties (n=240) 
 

Thirties (n=216) 

F M F M 

Wrist crease-R (mm2) 6.99±1.83 7.29±1.50*  7.17±1.06† 8.89±1.23*† 

Wrist crease-L (mm2) 6.77±1.35 7.38±1.39*  7.12±1.10† 8.05±1.18*† 

Mid-foream-R (mm2) 5.69±1.11 6.79±1.56*  6.35±1.20† 6.89±1.26*† 

Mid-foream-L (mm2) 5.69±1.10 6.79±1.44*  6.33±1.21† 7.21±1.20* 

Mid-arm-R (mm2) 6.00±1.21 6.89±1.20*  6.15±1.12† 6.58±1.17* 

Mid-arm-L (mm2) 5.99±1.12 6.88±1.25*  6.31±1.23† 6.32±1.20 

Axilla-R (mm2) 6.40±1.06 7.26±1.47*  6.67±1.23† 7.58±1.07*† 

Axilla-L (mm2) 6.54±1.10 7.04±1.21*  6.71±1.18† 7.26±1.17*† 

Swelling ratio-R (mm2) 1.24±0.30 1.09±0.22*  1.15±0.24 1.30±0.20*† 

Swelling ratio-L (mm2) 1.21±0.27 1.10±0.24*  1.20±0.26 1.12±0.21* 

Data are expressed mean ± SD 
*, P<0.05 (statistical significance compared with the female group); †, P<0.05 (statistical significance compared with the twenties) 
Abbreviation: CSA, cross sectional areas; MN, median nerve; F, female; M, male; R, right; L, left 
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with the ≥2.26 and ≥0.65 had higher size of the median 

nerve-CSA (P<0.05). 

 

DISCUSSION 

 

Carpal tunnel syndrome (CTS) is the most common per- 

ipheral nerve entrapment syndrome. It is caused by the 

pressure in the carpal tunnel being elevated and the median 

nerve is compressed. The numbness or sensory abnormality 

occurs in the thumb, 2nd, and 3rd fingers, which are the 

sensory areas dominated by the median nerve, and the 

weakness of the thumb muscle in the atrophy of the thymus 

(the thumb) is the main symptom of the disease (Rempel et 

al., 1998; Bongers et al., 2007; Palmer et al., 2007). 

In the present study, the hand and wrist configurations 

and the median nerve cross-sectional area of the 20s and 

30s male groups were significantly larger than those of the 

20s and 30s female and male groups, respectively. In the 

comparison between the age groups, the values of these 

parameters were higher in the 30s than in the 20s. 

Only the cross-sectional area of the carpal tunnel and even 

wrist dimensions have been reported to be important factors 

in the development of idiopathic CTS (Stallings et al., 1997). 

However, the results of the relatively high levels of these 

variables in the 20th and 30th male groups of this study are 

more likely to be due to normal anatomical differences 

between men and women. 

On the other hand, (Burg et al., 2014) found interesting 

results in a study comparing median nerve cross-sectional 

areas between Indians and Dutch. The mean median nerve 

cross-sectional area in this study was 6.34 mm2 and 7.13 mm2, 

respectively for the female and male groups in the 20s, and 

6.66 mm2 and 7.61 mm2 in the female and male groups in 

the 30s, respectively. In this study, the mean median nerve 

cross-sectional areas of men were similar to those of the 

Indian group, which is considered in the diagnosis of age- 

related CTS, because the median nerve cross-sectional area 

of Asian ethnicity is smaller than that of European ethnicity. 

Recently, studied the median nerve cross-sectional area 

of 80 Korean (40 males vs. 40 females) with an average age 

of 39.5 11.0 years (21~60 years) (Seok et al., 2015). The 

study group reported that median nerve cross-sectional areas 

of the left and right wrists were 9.58±1.55 mm2 and 9.19±

1.54 mm2, respectively. However, the results of these studies 

were too different from those of the present study and were 

even close to the normal upper limit of 9.79 mm2. Although 

these subjects were healthy without any neurological disease, 

the palm length was smaller in the 20s and 30s than in the 

male groups of the same age, This may be the reason why 

women are more sensitive to CTS. 

In Table 2 of this study, it is interesting to note that the 

palm width (palm width) is narrower for the women in their 

20s and 30s than for men although these subjects are healthy 

without any neurological disease, 

In both men and women in their 20s and 30s, the median 

nerve cross-sectional area and hand and wrist configurations 

were significantly higher in various parts of the arm as BMI 

was higher. These results are consistent with other studies. 

In this study, the higher the BMI, the higher the body weight 

and median nerve cross-sectional area, but the greater the 

palm horizontal size. Taser et al. (2017) recently described 

that shorter hand and square wrist configurations could pre- 

dict the development of idiopathic carpal tunnel syndrome. 

Besides, they reported a 7.2±1 mm2 similar to our study in 

an investigation of median nerve cross-sectional areas of 

100 healthy Asians. In conclusion, the median nerve cross- 

sectional area and related variables were different according 

to gender, age, and body mass index, even though the par- 

ticipants in this study were healthy 20s and 30s young people 

without any neurological diseases or other diseases. There- 

fore, these variables should be considered when diagnosing 

or evaluating CTS for young ages. 

The limitations of this study were that the subjects were 

not classified by occupation and did not investigate the 

computer and/or smartphone usage times of each individual. 

Several studies have shown that repetitive computer tasks 

such as the use of computer mice and keyboards, computer 

work over one hour, and excessive use of smartphones put 

pressure on the median nerve and severely impaired the 

carpal tunnel, which is a risk factor for CTS (Thomsen et 

al., 2008; Gelfman et al., 2009; Toosi KK et al., 2011; Lee 

et al., 2012). 

Therefore, further studies will be required by the age 

group, occupation, computer use, and smartphone use time. 
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