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Abstract: Both wrist position when typing and typing itself have an impact on carpal tunnel pressure.
Extreme wrist extension or flexion can put a lot of pressure on the carpal tunnel, damaging the median nerve.
The impact of wrist position on probable CTS symptoms is investigated using the chi-square test. The results
of the chi-square test showed that employees with non-neutral wrist posture are more likely to experience
possible CTS symptoms than employees with neutral wrist posture. Engineering and training initiatives that
lessen persistent non-neutral wrist postures should be a part of workplace interventions to avoid CTS. When
compared to workers with neutral wrist posture, workers with non-neutral wrist posture are not more likely to
experience possible CTS symptoms. The wrist extension angle while using a computer keyboard and the
development of CTS are significantly correlated. Engineering and training initiatives that lessen persistent
non-neutral wrist postures should be a part of workplace interventions to avoid CTS. As a general rule, keep
your wrists in a neutral position as much as possible. Carpal tunnel pressure increases with any departure from
neutral wrist posture, which is a sign of CTS. Conclusion An odds ratio test was conducted, and the results
showed that employees with non-neutral wrist postures are 2.75 times more likely than employees with
neutral wrist postures to experience probable CTS symptoms.
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Introduction

Along with grip strength and hand repetition, wrist posture (repeated or prolonged extension or flexion) may
enhance a worker's risk of CTS. Extreme wrist extension or flexion can put a lot of pressure on the carpal
tunnel, damaging the median nerve. This physiological data lends support to the idea that persistent
uncomfortable wrist postures among employees may result in CTS. When compared to short periods of time,
prolonged exposure to non-neutral wrist postures is linked to a two-fold greater risk for CTS. Engineering and
training initiatives that lessen persistent non-neutral wrist postures should be a part of workplace interventions
to avoid CTS. The wrist extension angle while using a computer keyboard and the development of CTS are
significantly correlated. The risk of CTS is higher for computer users who have their wrists extended by more
than 20 degrees. Both wrist position when typing and typing itself have an impact on carpal tunnel pressure.
The pressure increases with increasing deviation from neutral and is lowest close to the neutral wrist position
(0° flexion/extension, 0° ulnar/radial deviation). The small sample size and the restricted wrist posture
excursion in the direction of flexion and ulnar deviation may be to blame for the observation of a significant
difference in pressure solely in extension and radial deviation.The wrist deviations combined with the hand
activities include:

Neutral (no deviation)
Radial deviation
Ulnar deviation
Flexion

Copyrights @Kalahari Journals Vol. 6 (Special Issue 4, November 2021)
International Journal of Mechanical Engineering
302



DOI: 10.56452/2021SP-8-047

Extension
Extended flexion
Extended extension

Figure 1 displays the human range of motion (ROM), or the maximum values of these angles combined. Wrist
flexion, radial deviation, and supination are all given negative values whereas wrist extension, ulnar deviation,
and pronation are all given positive values.

Flexion /extension Radial/Ulnar Deviation Pronation/Supination

ROM: 85 Extension ROM: 70" Ulnar deviation | ROM: 130'Pronation

95 Flexion -45 Radial deviation -145 Supination

Figure 1 Measurement of wrist posture (American Academy of Orthopedic Surgeons)

The flexion-extension position of the hand was classified as neutral (15 flexion-15 extension), non-neutral
(15-45 flexion or extension), or extreme (> 45 flexion or extension) based on the angle between the midline of
the forearm (semipronated) and the metacarpal bones. The angle formed by the third metacarpal bone and the
midline of the pronated forearm is known as the deviation position of the hand. Neutral (10 ulnar deviation-5
radial deviation), non-neutral (10-20 ulnar deviation or 5-15 radial deviation), or excessive (> 20 ulnar
deviation or > 15 radial deviation) are the three categories that deviations fall under. Numbness and tingling
are the main symptoms. Pain, a lack of strength, and trouble grasping are examples of secondary symptoms
that are typically present in the median nerve distribution area. The onset of symptoms usually happens over
the course of several weeks, months, or even years. Even though bilateral CTS is prevalent, it usually affects
the dominant hand first and worse than the opposite hand.

Literature survey

Kong et al. (2011) studied the effect of hand position on maximum grip strength and discomfort. The
objective of this study was to measure grip strength and perceived discomfort at different hand positions and
to investigate the effects of shoulder angle and reach distance on grip strength. Maximum grip strength and
discomfort were measured in 58 male volunteers at 15 different hand positions in standing posture. The hand
position was defined by five hand directions (i.e. 0°, 45°, 90°, 130°, and 180°) of the shoulder flexion angle,
and three hand-shoulder distances (i.e. 100%, 75%, and 50%) of arm reach. After gripping maximum strength,
the subjects rated their perceived discomfort using a visual analog scale (VAS). Analysis of variance on grip
strength and discomfort rating showed significant effects of hand-shoulder distance, hand direction and their
interaction (p < 0.05). No significant interaction effect of grip strength between hand-shoulder distance and
hand direction was shown (p > 0.05), while there was a significant interaction effect of discomfort and hand
direction and hand-shoulder distance (p < 0.05). This study showed different effects on grip strength when
individuals use different hand positions in order to grip. It is recommended that hand position should be over
75% of arm reach and in the reach direction of between 45° and 135° of the shoulder angle for optimum grip
strength and comfort. The risk factors in Carpal tunnel syndrome among automotive glass channel rubber
assembly line workers through health surveillance, Phalen®s and Tinel“s Tests. Analysis had been made by
classifying the workers on the basis of gender and type of work performed i.e. repetitive or non-repetitive
work.

Experimental works
A persistent wrist deviation from neutral while working may be linked to carpal tunnel syndrome. Wrist
posture is thought to be a risk factor for distal upper extremity musculoskeletal problems. However, there isn't
much physiologic support for recommended wrist posture during work. As a general rule, keep your wrists in
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a neutral position as much as possible. Carpal tunnel pressure increases with any departure from neutral wrist
posture, which is a sign of CTS. The wrist extension angle when typing on a computer keyboard and the
development of CTS are strongly correlated. The risk of CTS is higher for computer users who have their
wrists extended by more than 20 degrees. When compared to short periods of time, prolonged exposure to
non-neutral wrist postures is linked to a two-fold greater risk for CTS. Engineering and training initiatives that
lessen persistent non-neutral wrist postures should be a part of workplace interventions to avoid CTS. The
angle between the metacarpal bones and the midline of the forearm (semipronated) is what is known as the
flexion-extension position of the hand. The angle formed by the third metacarpal bone and the midline of the
pronated forearm is known as the deviation position of the hand.The various positions of wrist posture are
shown in the Table 1.

In the current investigation, 40 employees were discovered to be working with neutral wrist posture, 63

employees were discovered to be working with non-neutral wrist posture, and no employees were discovered
to be working with severe posture.

Table 1 Categorization of wrist posture

Wrist posture Neutral Non-neutral Extreme
Flexion 0-15° 15-45% = 45°
Extension 0-15° 15-45° =457
Radial deviation 0-57 5-157 = 15°
Ulnar deviation 0-10° 10-20° = 20°

In the current investigation, 40 employees were discovered to be working with neutral wrist posture, 63
employees were discovered to be working with non-neutral wrist posture, and no employees were discovered
to be working with severe posture..

Analysis of data using chi-square test and odds ratio

The chi-square (¥?) test is commonly used to determine Whether or not data is statistically significant. In the
current investigation, it is crucial to assess if the data are statistically significant or not because only in this
case can the odds ratio be calculated. According to wrist position, data from health surveillance in the
industrial business is divided into two groups. It is presumed that non-neutral wrist posture has no impact on
possible CTS symptoms, i.e., non-neutral wrist posture workers are not more susceptible to prospective CTS
symptoms than non-neutral wrist posture workers. The two groups of wrist posture are non-neutral group
(Group 1) and neutral (Group 2). A 2 x 2 contingency table set-up used for chi-square test is shown in Table
2.

Table 2 2x2 contingency set-up used for chi-square test

Description Group 1 Group 2 Total
Symptom Present (Test positive) a b ath
Symptom not Present (Test negative) C d c+d
Total atc b+d athbtctd=n
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Table 3 Survey based observed frequency data for non-neutral and neutral wrist posture group

Non-neutral wrist Neutral Total
posture wrist
posture
Symptom present 28 9 37
Symptom not present 35 31 66
Total 63 40 103
Eq Fi (Eo-Fr)? (Ea-Fn)*/Fy
Non-neutral wrist 28 22.631 28.826 1.7273
posture group 35 40.369 28.826 0.7140
Neutral wrist 9 14.369 28.826 2.0061
poslure group 31 25.631 28.826 1.1246
vt = (L F)3T = 5.572

Calculated y? for non-neutral and neutral wrist posture group = (Fo-Ft) %/F¢ = 5.572

The number of degrees of freedom is required in order to apply the chi-square test. In the 2 x 2 contingency
Table 1, the degrees of freedom v = (2-1) (2-1) = 1 is required in order to apply chi-square test. In general, for
r rows and ¢ columns, the number of degrees of freedom is (r-1) (c-1). In the present 2 x 2 contingency table,
the standard value for degree of freedom 1 at 5% level is 3.84. Since the calculated value of y? is 5.572 which
is greater than standard value, the hypothesis is rejected. Hence, there is a significant difference amongst the
non-neutral and group workers. So odds ratio can be calculated for non-neutral and neutral wrist posture
group. Odds ratio is calculated using formula

OR = 2/c — ad
b/d  be

‘Where
a = CTS sufferers of non-neutral wrist posture group
b = CTS sufferers of neutral wrist posture group
¢ =non CTS sufferers of non-neutral wrist posture group

d = non CTS sufferers of neutral wrist posture group

28x31
OR =
9x35

OR = 2.75
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The odds ratio value indicates that non-neutral wrist posture workers have a 2.75 times higher risk of
developing CTS symptoms than non-neutral wrist posture workers.

Results and Discussion

The impact of wrist position on probable CTS symptoms was investigated using the chi-square test. The
results of the chi-square test showed that employees with non-neutral wrist posture are more likely to
experience possible CTS symptoms than employees with neutral wrist posture.

Conclusion

An odds ratio test was conducted, and the results showed that employees with non-neutral wrist position have
a 2.75 times higher risk of developing possible CTS symptoms than employees with neutral wrist posture.

Future scope

An instrument called electrogoniometer can be used for measuring wrist angle which can measure wrist angle
more accurately as compared to manual goniometer.
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