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Abstract
Objectives: Repetitive microtrauma or overuse injuries may often affect upper extremities of the long term computer users. 
The aim of this study was to compare sensory nerve conduction velocities (SNCV) for median, radial and ulnar nerves in the 
wrist of computer users with the same parameters in controls who do not use computers regularly. Material and Methods: 
Twenty one male computer users (age: mean (M) = 28.3 years ± standard deviation (SD) = 7.5 years) and 21 male control 
subjects (age: M±SD = 24.1±4.6 years) were recruited for the study. Limb length and the perimeters of the dominant arm 
and forearm were measured for each subject. The neurophysiological study consisted of measuring sensory nerve conduc-
tion of the median, ulnar and radial nerves. Results: The sensory conduction velocities of both median and ulnar nerves 
were significantly delayed in the dominant arm of the computer users compared to the controls. In addition, sensory con-
duction velocity of the median nerve was significantly delayed in the dominant extremity of the computer users compared 
to their non-dominant extremity. Conclusions: This study shows that computer users have a tendency toward developing 
median and ulnar sensory nerve damage in the wrist region. Mechanism of delayed SNCV in the median and ulnar nerves 
may be due to sustained extension and ulnar deviation of the wrist during computer mouse use and typing. Reduced SNCV 
changes were more apparent on the dominant side of the median nerve. This may indicate the increased neural deficits 
related to an increased use of the dominant side. Further investigation is needed to determine how to reduce potential 
risk factors at this stage in order to prevent development of median or ulnar neuropathy in the long term computer users.
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INTRODUCTION

Intensive computer work can increase the risk of devel-
oping neuromusculoskeletal symptoms and disorders in 
the upper extremities. There is a general consensus in the 
literature that computer use is often associated with an 

increased prevalence of hand and wrist disorders [1–4]. 
Associations between computer use and neuromusculo-
skeletal disorders of the wrist have been related to repeti-
tive motions, non-neutral postures and consistent static 
muscle loading. Symptoms may be associated with specific 
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informed about the study procedures, purposes, benefits 
and known risks and gave their informed consent. The 
subjects were able to withdraw from the study at any time.
The inclusion criteria for the group of computer users were: 
 – having practiced on a conventional computer keyboard 

and mouse for a minimum of 4 h per day as part of 
regular work for at least 5 years, 

 – no history of surgery or any traumatic upper extrem-
ity lesions including past or current neurological 
impairment. 

The group of computer users included the following oc-
cupations: administrators, personal computer support, li-
brarians and medical secretaries. The control group consi-
sted of university staff and students with less than 2 h/day 
of computer use (keyboard or mouse). They had no his-
tory of surgery or any traumatic upper extremity lesions 
including past or current occurrences of neurological 
impairment and no musculoskeletal complaints. We ex-
cluded participants with metabolic diseases, such as dia-
betes, that may be associated with entrapment neuropa-
thy. A participant with numbness, burning or tingling in 
the hands/wrists or fingers was also excluded from the stu­
dy. All the participants were right hand dominant.
Questionnaires regarding musculoskeletal symptoms were 
distributed among the computer users. The musculoskeletal 

clinical entities such as peripheral nerve entrapment. Cer-
tain postures or positions can place increased pressure 
either directly or by increasing tension on the nerves at 
different entrapment points [5].
In this study, sensorial nerve conduction velocities were 
evaluated, because it has been stated that nerve sen-
sibility is affected in the early stage of nerve entrap-
ment, while an impaired motor function occurs at a lat-
ter stage of the neuropathy [6]. We have proposed that 
computer users have developed minor neural injury as 
a consequence of restricted gliding or compression of 
the median, ulnar or radial nerves. Therefore, this study 
was performed to evaluate the effect of long term use 
of a computer on the median, ulnar and radial nerves 
crossing the wrist region among computer users with 
musculoskeleal symptoms. 

MATERIAL AND METHODS

Participants
Twenty one male computer users (age: mean (M) ± stan-
dard deviation (SD) = 28.33±7.51 years) and 21 male 
control subjects (age: M±SD = 24.19±4.60 years) vol-
unteered to participate in the study. Table 1 shows physi-
cal characteristics of the subjects. All of the subjects were 

Table 1. Characteristic of the study groups including computer users and controls

Parameter

Study group
(M±SD)

p
computer users 

(N = 21)
controls 
(N = 21)

Age (years) 28.33±7.51 24.19±4.60 0.040
Height (cm) 180.95±6.53 178.66±3.83 0.216
Weight (kg) 79.42±10.82 73.14±4.71 0.016
Perimeter of dominant forearm (cm) 25.58±2.16 25.20±2.27 0.778
Perimeter of arm (cm) 30.80±2.07 30.88±2.04 0.353
Length of upper extremity (cm) 77.80±4.04 77.71±3.28 0.768

M – mean; SD – standard deviation.
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The mean nerve conduction parameters of this population 
were compared to the existing literature values.
Simple biometric measurements were also performed. 
The groups were matched according to the weight, 
height, limb length and perimeters of arm, and fore-
arm (Table 1). We measured the length of the domi-
nant upper limb as the distance between the acromial 
angle and the tip of the 3rd digit of the hand when the 
shoulder was flexed to 90° with the elbow extended. 
The perimeters of the dominant arm and forearm were 
measured using a tape measure. The perimeter of the 
forearm was measured 10 cm proximal to the styloid 
process of the ulna, and the perimeter of the arm was 
measured 10 cm proximal to the medial epicondyle of 
the humerus.

Statistical analyses
The results are presented as M±SD. Differences between 
the groups were calculated using a non-parametric test 
for the independent samples (Mann-Whitney U-test). 
The SPSS package (Statistical Programs for Social Sci-
ences, Chicago, Illinois, USA) for personal computer was 
used for statistical analyses. A p-value of less than 0.05 was 
considered significant.
This study was conducted according to the guidelines of 
the Declaration of Helsinki and was approved by the eth-
ics committee of our faculty.

RESULTS

There were no significant differences in the length of the 
upper extremity and the perimeters of the dominant arm 
and forearm between the computer users and controls 
(Table 1). 
Figure 1 shows the prevalence of musculoskeletal symp-
toms in the group of computer users. The 5 anatomical 
areas with the highest prevalence of musculoskeletal 
symptoms among the computer users were: neck (63%), 

questionnaire inquired about ache, pain or discomfort dur-
ing the previous 6 months from 5 specific regions of the up-
per body (neck, shoulder, elbow, wrist and hand). Fifteen 
subjects reported bilateral symptoms, and 6 reported uni-
lateral dominant side symptoms.

Neurophysiological tests
The neurophysiological study consisted of measuring sen-
sory nerve conduction velocity (SNCV) of the ulnar, me-
dian and radial nerves. The nature of the procedure was ex-
plained to the subjects. The subjects lay supine on a padded 
table with the upper limb supported. All of the studies were 
performed in a warm room with temperature of 26–28°C. 
The skin temperature of the upper limb was monitored 
in order to eliminate the influence of temperature on the 
conduction parameters. If necessary, the limb was warmed 
under an infrared heat lamp to maintain a temperature 
of 32°C or higher. In an effort to reduce diurnal variation, 
in the case of each subject all of the measurements were 
taken at approximately the same time of day. The inter-
cathodal distances were measured with an anthropometer. 
The dominant extremities of all the subjects were tested by 
a neurologist using a Neuropack M1, MEB-9204K (Nihon 
Kohden, Japan). The electrophysiological study was con-
ducted according to the practice guidelines of the American 
Association of Electrodiagnostic Medicine (AAEM). 
The nerve conduction studies were performed using stan-
dard techniques of supramaximal percutaneous stimula-
tion with a constant current stimulator and surface elec-
trode recording on both extremities of each subject. Sen-
sory responses were obtained by antidromic stimulation 
at the wrist and recording from the index finger (for the 
median nerve) and little finger (for the ulnar nerve) using 
ring electrodes. The sensory responses of the radial nerve 
were obtained by antidromic stimulation at the middle of 
the forearm adjacent to the cephalic vein and recording 
with a disk electrode that was placed between the 1st  
and 2nd fingers.
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and 52.66±6.53 m/s, respectively) compared to the con-
trols (64.96±4.12 m/s and 65.22±5.42 m/s, respectively). 
However, there was no statistical difference in conduction 
velocity of the radial sensory nerve between the control 
group and computer users (p = 0.375) (Table 2).
Sensory conduction velocities of the median and ul-
nar nerves at the non­dominant extremity were signifi-
cantly delayed in the computer users (57.30±4.81 m/s 
and 49.47±5.54 m/s, respectively) compared to the con-
trols (63.01±7.27 m/s and 62.53±7.41 m/s, respectively). 
However, there was no statistical difference in conduction 
velocity of the radial sensory nerve between the control 
group and computer users (p = 0.396) (Table 3).
We also compared the dominant and non-dominant ex-
tremities of the computer users with respect to their sensory 
nerve conduction velocities. Sensory conduction velocity of 

shoulder (57%), wrist (48%), lower back (37%) and el-
bow (28%).
Sensory conduction velocities of the median and ul-
nar nerves at the dominant extremity were signifi-
cantly delayed in the computer users (53.76±4.98 m/s 

63

57

48

37

28

0

10

20

30

40

50

60

70

neck schoulder wrist lower beck elbow

St
ud

y 
gr

ou
p 

(%
)

Symptoms (%)

Fig. 1. Prevalence of musculoskeletal symptoms in the group 
of computer users

Table 2. Nerve conduction velocities of dominant extremities among the computer users and the controls

Nerve

Nerve conduction velocities 
(M±SD)

(m/s) p
computer users 

(N = 21)
controls 
(N = 21)

Median nerve 53.76±4.98 64.96±4.12 0.000

Ulnar nerve 52.66±6.53 65.22±5.42 0.000

Radial nerve 84.24±16.20 90.15±21.06 0.375

Abbreviations as in Table 1.

Table 3. Nerve conduction velocities of non-dominant extremities among the computer users and the controls

Nerve

Nerve conduction velocities 
(M±SD)

(m/s) p
computer users 

(N = 21)
controls 
(N = 21)

Median nerve 57.30±4.81 63.01±7.27 0.006

Ulnar nerve 49.47±5.54 62.53±7.41 0.000

Radial nerve 78.07±13.66 72.76±19.50 0.396

Abbreviations as in Table 1.
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to preclinical lesions. We proposed that abnormal wrist 
mechanics such as prolonged extension of the wrist makes 
computer users vulnerable to ulnar and median nerve 
disorders.
Certain postures or positions can place increased pres-
sure either directly or by increasing tension on the nerves 
at different entrapment points [5]. Wrist positions and 
forces employed by computer users have been evaluated 
in several studies. Sommerich et al. [11] have quantified 
the biomechanics of typing for 25 experienced computer 
users in 3 different occupational groups. The average ten-
don travel, normalized to 1 h of continuous typing, ranged 
from 30 to 59 m/h for the 3 groups. Researchers have pos-
tulated that friction develops as a result of repetitive slid-
ing of tendons within their sheaths during the performance 
of highly repetitive activities such as typing. This friction 
may contribute to disorders of tendons, their sheaths or 
adjacent nerves [12]. 
Determining whether there is a link between entrapment 
neuropathy and computer use is important due to the 
morbidity associated with entrapment neuropathies and 
the ever increasing use of computers in the workplace and 
at home [13]. Several studies have examined the relation-
ship between computer usage and development of nerve 
disorder, and some of them showed that the long term 
computer users are at an increased risk for entrapment 
neuropathies in the upper extremity.

the median nerve was significantly delayed in the dominant 
extremity of the computer users (53.76±4.98 m/s) com-
pared to their non-dominant extremity (57.30±4.81 m/s, 
p = 0.028). There were no statistically significant differ-
ences in conduction velocities of the ulnar and radial nerves 
between the dominant and non-dominant extremities 
(p = 0.061 and p = 0.234, respectively) (Table 4).
Although the computer users had conduction values 
that were significantly slower than those in the controls, 
their values were still within normal limits for the general 
population.

DISCUSSION 

Computer use is often associated with the increased prev-
alence of hand and wrist disorders [2,7,8]. Non-neutral 
wrist postures have been associated with arm/hand symp-
toms among computer users [9]. Furthermore, the forces 
applied to the computer mouse and keyboard may consti-
tute a risk factor for musculoskeletal symptoms [10]. The 
symptoms may be associated with specific clinical entities 
such as peripheral nerve entrapment.
The present study observed reduced mean SNCV in the 
median and ulnar nerves in the computer users compared 
with the controls. These slower SNCV findings in the neu-
rologically asymptomatic computer users who spend much 
of their time using keyboard and mouse may correspond 

Table 4. Nerve conduction velocities of dominant and non-dominant extremities of the computer users

Nerve

Nerve conduction velocities 
(M±SD)

(m/s) p
dominant
(N = 21)

nondominant  
(N = 21)

Median nerve 53.76±4.98 57.30±4.81 0.028
Ulnar nerve 52.66±6.53 49.47±5.54 0.061
Radial nerve 84.24±16.20 78.07±13.66 0.234

Abbreviations as in Table 1.
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regarding association between computer use and CTS. 
A study by Murata et al. [19] has found a reduced sensory 
nerve conduction velocity in the median nerve across the 
carpal tunnel among neurologically symptomatic comput-
er operators compared with healthy controls, indicating 
that a subclinical CTS was associated with computer use. 
However, other authors have reported that computer use 
had no influence on CTS occurrence [20,21].
The jobs with long periods of intensive mouse use may 
be at an increased risk of median neuropathy due to the 
increased carpal tunnel pressure [22]. Both ulnar de-
viation and extension of the wrist, increase carpal tunnel 
pressure [23,24]. 
Keir et al. [22] have suggested that 2 factors may account 
for the elevated carpal tunnel pressure during computer 
mouse use: wrist extension and the fingertip force applied 
to depress the button and to grip the sides of the mouse. 
With wrist extension angles greater than 15°, pressure in 
the carpal tunnel could result in more pressure against 
the median nerve, and this could contribute to the devel-
opment or perpetuation of carpal tunnel syndrome [25]. 
Werner et al. [24] have noted that wrist extension stretch-
es flexor tendons and median nerve, exerting pressure 
on their dorsal face. Low extraneural compression of the 
median nerve in the carpal tunnel is sufficient to produce 
edema within the nerve, and to impair endoneurial mi-
crocirculation. This compression has been demonstrated 
to be strongly influenced by repetitive fingertip loading, 
hand, wrist and forearm postures which may be seen dur-
ing keyboard activity [26,27]. 
We found reduced SNCV in the median nerve among the 
computer users compared with the controls, indicating 
a subclinical CTS. However, the role of subclinical CTS 
is obscure and does not predict subsequent development 
of CTS. We found that the sensory conduction veloc-
ity of the median nerve was significantly delayed in the 
dominant extremity of the computer users compared to 
their non-dominant extremity. Generally, the demands 

Greening et al. [14] have examined flare responses, sym-
pathetic vasoconstrictor reflexes and vibration threshold 
over areas of the hand innervated by the median, ulnar 
and radial nerves in the patients with repetitive strain in-
jury and asymptomatic office workers who intensively used 
display screen equipment. While patients demonstrated 
clear indications of changed peripheral nerve function 
involving small and large sensory and autonomic fibres, 
office workers, who intensively used display screen equip-
ment, showed early signs of changed sensory nerve func-
tion, but no change in autonomic responses. 
Association between computer use and median nerve 
neuropathies has been investigated before. Jepsen [15] 
has studied a series of computer operators with upper 
limb complaints in the dominant upper limb. The author 
has identified sensory abnormalities in 19 out of 21 pa-
tients. The median nerve territory was most frequently 
involved. Greening and Lynn [16] have reported a signifi-
cantly raised vibration threshold within the territory of the 
median nerve in a group of asymptomatic office workers 
using computer keyboard equipment, and have concluded 
that the results indicated a change in the function of large 
sensory fibres. Hashem et al. [17] have assessed the effect 
of the long-term use of computer mouse devices on the 
median nerve in healthy frequent computer users. They 
have reported physiological evidence suggestive of right 
median nerve entrapment neuropathy at the wrist. Our 
findings are in agreement with those studies which provide 
evidence regarding the close association between comput-
er use and a reduced median nerve conduction velocity.
Median nerve enters the hand above the bones of the 
wrist by passing beneath the transverse carpal ligament. 
Compression of the median nerve at the wrist, or carpal 
tunnel syndrome (CTS), is the most common compressive 
neuropathy [18]. In recent years, with the expanding use of 
computers, it has been a matter of concern if computer use 
could be a risk factor for the development of CTS. Howev-
er, contrasting results have been reported in the literature 
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Jensen et al. [4] have found an elevated vibration thresh-
old in hand areas innervated by the median and ulnar 
nerves among computer users with pain in the upper 
limbs compared with a control group of computer us-
ers without such symptoms and a control group of sub-
jects who do not use a computer. They have concluded 
that the findings indicated entrapment of the median 
and ulnar nerves. Another study has found a threshold 
effect for entrapment neuropathies ulnar and median 
nerves at the wrist, confirmed by nerve conduction, with 
an increased risk when the computer was used for more 
than 28 h per week [13]. 
Our results are in agreement with these studies on com-
puter users showing a significant decrease in SNCV in 
both median and ulnar nerves. Ulnar nerve may be en-
trapped at Guyon’s canal when the wrist is held in sus-
tained extension and ulnar deviation. Given the similar 
anatomic position of the ulnar nerve and the median nerve 
at the wrist, the risk factors involved in computer use may 
be similar. In summary, awkward postures of the hand and 
wrist during typing and mouse use constitute a mechanism 
responsible for the observed differences in SNCV for the 
ulnar nerve seen in this investigation. Continual wrist ex-
tension may have resulted in the increased pressure on the 
ulnar nerve at the wrist and eventually caused subclinical 
focal neuropathy of the ulnar nerve.
In the radial nerve, we observed no significant differenc-
es in conduction velocity between the control group and 
computer users and there are no studies in the literature 
suggesting electrodiagnostic abnormalities of radial nerve 
in computer users. Although compression of the radial 
sensory nerve occurs between the tendons of the brachio-
radialis and the extensor carpi radialis longus muscles with 
forearm pronation [37], it appears that in the current study 
contraction of these muscles during typing didn’t create 
compression force on the radial nerve. In fact, this result 
was expected, because the radial nerve is not in a vulnera-
ble position as it lies through the wrist. In the wrist region, 

placed on the upper extremities in computer users dur-
ing typing occur bilaterally. At the same time, definitions 
of keyboard kinematics have documented that there were 
few significant differences between the right and left 
hand [28]. Simoneau et al. [29], have recorded 62° and 66° 
of mean pronation for the left and right forearms, respec-
tively, in 90 professional touch typists during typing. One 
possible explanation of our finding is the long term com-
puter mouse use by the dominant hand. This may indicate 
the increased neural deficits related to the increased use 
of the dominant side. Although one might have expect-
ed a delayed SCNC of the ulnar nerve in the dominant 
extremity of the computer users compared to their non-
dominant extremity, this is not supported by our data. We 
have no certain explanation for this finding.
Ulnar neuropathy can occur at the wrist just proximal to, 
within, or distal to Guyon’s canal [30]. Ulnar nerve com-
pression at Guyon’s canal may be associated with an occu-
pational disease in which the nerve is exposed to repetitive 
blunt trauma or high frequency vibration [31]. Guyon’s 
canal syndrome, due to occupational overuse, has been at-
tributed to prolonged flexion or extension of the wrist and 
repeated pressure on the hypothenar eminence [32]. It has 
been reported that approximately 10% of computer users 
who have work-related symptoms were found to have pos-
itive Tinel’s sign over the Guyon’s canal [33].
It has been speculated that pathologic processes caus-
ing CTS might be also expected to affect ulnar nerve at 
the wrist level [34,35]. Since a close contiguity exists be-
tween carpal tunnel and Guyon canal at the wrist level, 
there may be an association between CTS and ulnar nerve 
compression at the wrist. 
The increased pressure in the carpal canal may exert me-
chanical traction on the transverse carpal ligament, which, 
together with the roof of the carpal tunnel, forms the me-
dial wall and floor of Guyon’s canal. Because carpal tunnel 
pressure alters median nerve function in a dose dependent 
manner, a similar effect may also affect ulnar axons [36]. 
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and muscle imbalance in work-related neuromuscular dis-
orders. Am J Ind Med. 2002;41(5):343–52, http://dx.doi.
org/10.1002/ajim.10063.

6. Gelberman RH, Szabo RM, Hargens AR. Pressure effect 
on human peripheral nerve function. In: Hargens AR, edi-
tors. Tissue nutrition and viability. New York, Berlin, Hei-
delberg, Tokyo: Springer; 1986. p. 161–84, http://dx.doi.
org/10.1007/978-1-4684-0629-0_8.

7. Burgess RA, Pavlosky WF, Thompson RT. MRI­identified 
abnormalities and wrist range of motion in asymptomatic 
versus symptomatic computer users. BMC Musculoskelet 
Disord. 2010;11:273, http://dx.doi.org/10.1186/1471-2474-
11-273.

8. Lassen CF, Mikkelsen S, Kryger AI, Brandt LP, Over-
gaard E, Thomsen JF, et al. Elbow and wrist/hand symptoms 
among 6,943 computer operators: A 1-year follow-up study 
(the NUDATA study). Am J Ind Med. 2004;46(5):521–33, 
http://dx.doi.org/10.1002/ajim.20081.

9. Wahlström J. Ergonomics, musculoskeletal disorders and 
computer work. Occup Med (Lond). 2005;55(3):168–76, 
http://dx.doi.org/10.1093/occmed/kqi083.

10. Feuerstein M, Armstrong T, Hickey P, Lincoln A. Com-
puter keyboard force and upper extremity symptoms. 
J Occup Environ Med. 1997;39:1144–53, http://dx.doi.
org/10.1097/00043764-199712000-00008.

11. Sommerich CM, Marras WS, Parnianpour M. A quanti-
tative description of typing biomechanics. J Occup Re-
hab. 1996;6(1):33–55, http://dx.doi.org/10.1007/BF02110393.

12. Nelson JE, Treaster DE, Marras WS. Finger motion, wrist 
motion and tendon travel as a function of keyboard angles. 
Clin Biomech. 2000;15(7):489–98, http://dx.doi.org/10.1016/
S0268-0033(00)00011-5.

13. Conlon CF, Rempel DM. Upper extremity mononeuropathy 
among engineers. J Occup Environ Med. 2005;47(12):1276–84, 
http://dx.doi.org/10.1097/01.jom.0000181748.08188.8b.

radial nerve function might not be clear compared with 
median and ulnar nerves. 

CONCLUSIONS

Our study shows that computer users have a tendency to 
experience median and ulnar sensory nerve damage de-
spite being neurologically asymptomatic. Sustained wrist 
extension and ulnar deviation may result in stretching of 
these nerves across the wrist during computer mouse use 
and typing. These results may represent presymptom-
atic or asymptomatic neuropathy similar to the type of 
subclinical entrapment neuropathy. In our opinion, cli-
nicians interpreting CTS in the computer users should 
ask routinely about the symptoms of ulnar neuropathy 
at the wrist. 
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