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Abstract

Background: Carpal tunnel syndrome (CTS) is one of the most common musculoskeletal disorders among computer
users. Computer users exhibit various wrist angles while typing. Dynamic changes of wrist angle may cause different
degrees of median nerve compression. The objective of this study was thus to investigate the effects of the combina-
tion of wrist flexion-extension with wrist deviation on median nerve cross-sectional area (MNCSA).

Methods: Eight right-handed participants were recruited in this study. Both wrists were examined by sonographic
ultrasound (US) at the proximal carpal tunnel level in the transverse plane. A total of nine wrist positions were exam-
ined, including wrist neutral (WN), wrist flexion (WF)30°, and wrist extension (WE)30°, together with three wrist de-
viation conditions, namely, without radial deviation (RD) and ulnar deviation (UD), with maximal RD and with maxi-
mal UD. MNCSA was measured by tracing method with Inzage].

Results: Paired ~test showed a significant difference of WIN MNCSA between the dominant hand (7.93 £ 0.63 mm?)
and the non-dominant hand (6.98 £ 0.42 mm?) (P<0.001). Two-way repeated-measures ANOVA (handedness as an
independent factor) showed that WF30° and WE30° caused significant differences of MNCSA when compared with
WN (P<0.001). However, wtist RD/UD did not have a significant interaction with the changes of MNCSA in WN,
WEF and WE positions.

Conclusion: The results indicate a significant reduction of MNCSA when WN changed to WF and WE. Wrist RD
and UD did not cause significant changes of MNCSA at different wrist positions.

Keywords: Median nerve, Ultrasound, Wirist active holding, Nerve deformation

Introduction

Computers are widely used in daily work. They
have become essential tools in the workplace. Re-
petitive and awkward positions are associated with
musculoskeletal disorders of the upper extremities
among computer users (1). Long hours of com-
puter use in daily life have increased the discom-
fort levels of the neck, shoulder, elbow, and wrist
and hand regions. Studies have shown that ap-
proximately 20% of computer users experience
musculoskeletal disorders of the upper extremities
(2, 3). Intensive use of a computer keyboard and
a mouse may increase the risk of carpal tunnel
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syndrome (CTS), which is one of the most com-
monly reported musculoskeletal disorders of the
upper extremities, in which the median nerve is
affected at the carpal tunnel as a result of nerve
compression (1). CTS has a multifactorial etiology
and mechanical compression stress on the median
nerve is one of the relevant factors.

The carpal tunnel is located at the volar wrist and
formed by carpal bones as the floor, transverse
carpal ligament as the roof and the proximal car-
pal tunnel defined by the edge of the transverse
carpal ligament at the pisiform level (4). The me-
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dian nerve and a total of nine tendons enter
through the carpal tunnel, which are the flexor
policies longus (FPL), four flexor digitorum su-
perficialis (FDS) and four flexor digitorum pro-
fundus (FDP). The median nerve is located near
the flexor retinaculum and is vulnerable to com-
pression stress. Wrist movements comprise flex-
ion, extension, radial deviation and ulnar devia-
tion. Finger dynamic movements were previously
shown to impose compression stress on the medi-
an nerve from FDS, FDP and FPL gliding motion
(5). Dynamic kinematic movements of carpal
bones may also influence the carpal tunnel volume
during wrist flexion-extension motion (6). There-
fore, different wrist angles may cause different
levels of compression stress on the median nerve.
A comfortable workspace that allows computer
users to perform daily work in a good posture is
necessary to reduce repetitive strain injuries. How-
ever, body posture and joint angles change over
time. For example, wrist motions during computer
work are dynamic as the wrist changes between
flexion and extension simultaneously with radial-
ulnar deviation. In a previous study, most com-
puter users showed a higher percentage of wrist
extension at 20° with 20° ulnar deviation during
computer use (7). Therefore, different wrist angles
while working may cause different levels of com-
pression stress on the median nerve.

Ultrasound (US) examination has been widely
used in different fields, including outside of medi-
cine. In particular, the mechanical compression of
carpal tunnel region structures during dynamic
wrist motion can be observed by US. Compared
with other imaging techniques, US is relatively
inexpensive and requires a shorter time to exam-
ine the wrist region (1).

The objective of this study was thus to investigate
the effect of wrist flexion-extension with radial-ulnar
deviation on median nerve cross-sectional area
(MNCSA) by using high-resolution US images.

Materials and Methods

Eight right-handed healthy male adults were re-
cruited for this study (Table 1). All the partici-
pants were free from signs and symptoms of CTS,
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as indicated by a screening test. Phalen’s Test,
CTS Tinel test and Boston Carpal Tunnel Ques-
tionnaire (BCTQ) were conducted for all partici-
pants to rule out CTS (8-10). In total, sixteen
wrists were included for median nerve ultrasound
(US) examination.

US examination was performed with the GE
Healtheare Ultrasound Systemr (Model LOGIQ e)
with a 5-13 mHz transducer (Model 12L-RS), and
a gel pad (thickness 7.0 mm; Sonar Pad, Nippon
BXI Inc., Japan) was used as the coupling medium
for the US examination.

Participants sat upright with the forearm resting
on a forearm support on a table during the US
examination. A total of nine wrist positions were
examined, including WN, WF30°, and WE30°,
together with three wrist deviation conditions,
namely, without radial deviation (RD) and ulnar
deviation (UD), with maximal RD and with maxi-
mal UD (Fig. 1). Participants were instructed to
maintain these wrist positions and relax their fin-
gers during the US examination. Three US images
were taken for each wrist position and the average
MNCSA measurement was calculated to represent
the wrist angle. MNCSA at WN without RD/UD
was used as a reference point when comparing
with other wrist positions’ MNCSA. MNCSA was
measured using Image] (11) by a tracing method
(12) (Fig. 2).

===

(a) (b) ()

(d) (e) (f)

Fig. 1: Wrist position for US examination: (a) wrist
flexion; (b) wrist neutral; (c) wrist extension; (d) wrist
radial deviation; (e) wrist without deviation; (f) wrist
ulnar deviation
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Table 1: Demographic data of participants (n = 8)

Minimum Maximum  Mean * SD
Age (yr) 213 31.8 27.0 £35
Height (cm) 161.5 182.4 171.6 £ 6.2
Weight (kg) 51.6 79.0 65.8 £ 11.1
BMI (kg/m?) 17.5 26.9 223 %33
Wrist circumference (cm)
Right 15.1 16.7 16.0 £ 0.6
Left 14.7 16.4 15.7 £ 0.6
Computer use (hours/day) 5 10 89+21

(b)

Fig. 2: (a) Appearance of tendons and median nerve at proximal carpal tunnel; (b) median nerve cross-sectional area

measurement by a tracing method

The margin of the median nerve was identified from
ultrasound images and its outer hypoechogenic rim
was traced accordingly to measure MNCSA. All re-
sults are expressed as mean * standard deviation
(SD). Paired t-test was used to analyze the differ-
ences of MNCSA (WN without RD and UD) be-
tween the dominant and non-dominant hands. Two-
way repeated ANOVA (3 x 3 factorial within-
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subjects) was conducted with wrist flexion-extension
positions (WEF30°, WN and WE30°) and wrist devi-
ation positions (without deviation, RD and UD) as
factors to examine the changes of MNCSA at differ-
ent wrist positions. Post hoc pairwise Bonferroni-
corrected comparison was used to examine the
mean differences of the factors.
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Results

The difference of MNCSA between the dominant
hand (7.93 £ 0.63 mm® and the non-dominant
hand (6.98 * 0.42 mm® for WN without wrist
deviation was significant (19.34) = 7.00, P <
0.001).

The main effect of wrist flexion-extension on
MNCSA was significant for both dominant
(F(1.09, 7.622) = 99.45, P < 0.001) and non-domi-
nant hands (F(1.86, 12.99) = 187.22, P < 0.001).
In contrast, the main effect of wrist deviation was
not significant for both dominant (F(1.25, 8.72) =

4.52, P = 0.058) and non-dominant hands (F(1.83,
12.81) = 1.77, P = 0.210).

However, the wrist flexion-extension x wrist devi-
ation interaction was not significant for both
dominant (F(2.78, 19.46) = 0.36, P = 0.766) and
non-dominant hands (F(1.39, 9.75) = 0.73. P =
0.459). From Table 2, the MNCSA of WN was
larger than those for WF30° and WF30° for all
three-wrist deviation positions.

Post hoc pairwise Bonferroni-corrected compari-
sons showed a significant reduction in MNCSA
for both dominant and non-dominant hands
when the wrist angle changed from WN to
WEF30° and WF30° (P<0.001), regardless of the
wrist deviation position (Fig. 3).

Table 2: Mean values of MNCSA (mm?) at each wrist position

Werist Deviation

Werist Flexion  Wrist Neutral

Dominant Hand (n = 8)
Wrist Exten-

Non-Dominant Hand (n = 8)
Wrist Flexion  Wrist Neutral  Wrist Exten-

30° (0°) sion 30° 30° (0°) sion 30°

Neutral 6.70 + 0.46 7.93 +0.63 6.80 £ 0.42 5.91 £ 0.50 6.98 + 0.42 5.92 £ 0.42
(Without deviation)  (5.90 — 7.26) (725-8.82)  (6.04—729)  (536—6.67)  (6.57—7.52) (5.44 — 6.54)
Maximal Radial 6.69 + 0.43 7.90 £ 0.60 6.77 £ 0.43 5.87 £ 0.47 6.95 *+ 0.40 5.88 + 0.46
Deviation (RD) (5.98 — 7.20) (7.27 - 8.69) (6.08 —7.32) (5.28 — 6.61) (6.57 —7.57) (5.40 — 6.59)
Maximal Ulnar 6.67 + 0.47 7.87 + 0.62 6.77 £ 0.43 5.90 = 0.48 6.95 + 0.42 5.95 £ 0.42
Deviation (UD) (5.86 — 7.28) (718-8.69)  (595-725)  (539-6.69)  (6.45—7.52) (5.52 — 6.63)

Wrist Flexion 30° i Wrist Extension 307

Wrist Neutral 0° » p<0.001

Median Nerve Cross-sectional Area (mm”)

(a) Dominant Hand

Median Nerve Cross-sectional Area (mm®)

Without Deviation Radial Deviation (RD)  Ulnar Deviation (UD)

Without Deviation Radial Deviation (RD)  Ulnar Deviation (UD)

(b) Non-Dominant Hand

Fig. 3: Comparison of MNCSA among different wrist positions
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Discussion

Physical anthropometry studies have shown that
humans possess asymmetrical morphology be-
tween dominant and non-dominant limbs. For the
upper limbs, the girths of the elbow, forearm and
wrist were found to differ between right and left
arms (13). The analysis shows that right-handed
participants have larger MNCSA in the right wrist
than in the left wrist, which is in line with Toosi’s
findings (1).

We have shown that MNCSA decreased when the
wrist position changed from neutral to flexion and
extension for all wrist deviation positions. From
Table 2, the reductions of MNCSA from WN to
WE30° and WE30° positions were approximately
7.4 mm® to 6.3 mm’. The significant reduction in
MNCSA indicated that wrist motion might cause
median nerve compression at the proximal carpal
tunnel region. Other researchers found that finger
joint motions lead to different degrees of com-
pression stress on the median nerve at the carpal
tunnel region via US imaging during individual
finger or multiple finger flexion-extension motion
(5). The carpal tunnel is a confined space with
nine tendons and a median nerve. The pathophys-
iology of CTS suggests that synovial inflammation
of the surrounding tissue subjects the median
nerve to compression and elicits signs and symp-
toms of CTS. As the carpal tunnel volume is re-
duced when the wrist changes from a neutral posi-
tion to a flexion or extension posture (6), the ten-
dons and median nerve have limited space for
mobility. Therefore, a median nerve under com-
pression may experience more friction force at the
carpal tunnel during repetitive typing motions.
From Table 2, the mean values of MNCSA of the
three deviation positions were about the same
during wrist holding in flexion, extension and neu-
tral positions. Our findings show that wrist devia-
tion does not have a significant influence on
MNCSA changes, but prolonged deviation of
wrist posture in daily tasks may lead to discomfort
in the workplace. The frequency of wrist deviation
motion increases with the use of computer pe-
ripheral devices such as a mouse. However, we do
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not have a clear understanding of the long-term
effect of wrist deviation on MINCSA. Therefore,
an understanding of wrist posture and the impact
on wrist muscle fatigue and median nerve com-
pression during computer work is important to
minimize the incidence of CTS or reduce the signs
and symptoms among the CTS patient group in
workplaces.

Wrist posture during computer work is influenced
by the keyboard and mouse design, as well as indi-
vidual posture. In a previous study, nearly 65% of
computer users presented with wrist extension
and ulnar deviation while typing (7). The dynamic
changes of wrist flexion-extension and radial-ulnar
deviation angles may increase the compression
stress on the median nerve after long hours of
computer use. Research has shown that intensive
use of a computer for typing in daily work leads to
median nerve swelling and an increase in MNCSA
(1). The different wrist angles and their impact on
median nerve compression are important for bet-
ter computer workstation ergonomics. Further
research is needed to obtain a better understand-
ing of the relationship between different wrist an-
gles and the impact on median nerve deformation.

Conclusions

The reduction of MNCSA was observed through
wrist flexion-extension motion, but not wrist de-
viation motion. Similar MNCSA during wrist flex-
ion and wrist extension positions was found for
both dominant and non-dominant hands.
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