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Abstract- Common risk factors often associated with CTS include, pregnancy, obesity, old age, rheumatoid arthritis, 
diabetes mellitus and hypothyroidism. Occupational factors like forceful and repetitive hand/wrist motions, awkward 
postures, mechanical stress at the base of the palm, and vibration have also been reported to be associated with CTS. F-test is 
performed to check the significance of CTS between hand grip strength and wrist posture of workers in manufacturing 
industry.  
  
Index Terms- CTS, repetitive Hand/Wrist Motion, F-Test, Hand Grip Strength, Wrist Posture.  
 
I.  INTRODUCTION  
 
A.  Ergonomics  
Ergonomics comes from two Greek words, ‘ergos’ 
(work) and ‘nomos’ (natural laws) Ergonomics is the 
scientific study of people, their work and their 
environment and uses data derived from engineering, 
anatomical, physiological and psychological sources.  
Ergonomic principles in the design of automobile 
assembly, manufacturing operations and engineering 
systems have become an important part of a more 
comprehensive health and safety process within the 
industry with occupational health and safety focusing 
on employees being the fundamental responsibility of 
any organization. Worldwide, the mechanical 
industry is one of the largest, most influential and 
labor intensive industries, which plays an important 
role in the economy of a country with work structures 
within the industry stemming from the division of 
labor in the 20th century.  
 
The mechanical industry is pressurized and ever-
changing, and globalization has now led to increased 
pressures within engineering departments to increase 
the efficiency of human work processes within this 
industry, like various industrial activities involving 
high level of repetitiveness and over exertion leads to 
Musculoskeletal Disorders (MSDs) in the workers. 
With, for example, the European industry facing 
considerable pressure from Japanese and US 
manufacturers to remain competitive.  
 
B.  Development of CTS  
Bending the wrist or moving the fingers brings 
muscles and tendons into action. For example, when a 
person bends a finger the tendon moves about two 
inches. The tendons of the hand are encased in 
sheaths, or sleeves, through which the tendons slide. 
The inner wall of the sheaths contains cells that 
produce a slippery fluid to lubricate the tendons. 
Lubrication is essential for the normal and smooth 
functioning of the tendons. With repetitive or 
excessive movement of the hand, the lubrication  

 
system may malfunction. It may not produce enough 
fluid or it may produce a fluid with poor lubricating 
qualities. Failure of the lubricating system creates 
friction between the tendon and its sheath causing 
inflammation and swelling of the tendon area. In turn, 
the swelling squeezes the median nerve in the wrist or 
carpal tunnel. Repeated episodes of inflammation 
cause fibrous tissue to form. The fibrous tissue 
thickens the tendon sheath, and hinders tendon 
movement. Most cases of CTS are idiopathic: without 
a known cause. A common factor in developing CTS 
is increased hand  use or activity. While repetitive 
activities are often blamed for the development of 
CTS, the correlation is often unclear. Physiology and 
family history may have a significant role in 
individual’s susceptibility. CTS are associated with 
stress, trauma, pregnancy, as well as several diseases 
including multiple myeloma, amyloidal, rheumatoid 
arthritis, acromegaly, and hypothyroidism. Women 
are three times more likely than men to develop  
CTS, perhaps because the carpal tunnel itself may be 
smaller in women than in men.  
 
C.  Occupational factors of CTS  
CTS are particularly associated with certain tasks 
including:  
 Repetitive hand motions  
 Awkward hand positions  
 Strong gripping  
 Mechanical stress on the palm  
 Vibration  

 
D.  Non-Occupational factors of CTS  
CTS are associated with several diseases and 
situations.  
 They are:  
 Arthritis  
 Diabetes  
 Gout  
 Amyloidosis (infiltration of the liver, kidneys, 

spleen with a starch-like substance)  
 Hypothyroidism (subnormal activity of the 

thyroid gland)  
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E.  Wrist Posture  
It would be useful for designers to have 
physiologically based guidelines for wrist posture 
when designing or evaluating tasks and tools. In 
addition to grip force and hand repetition, wrist 
posture (sustained or repeated extension or flexion) 
may lead to an increased risk of CTS among workers. 
However, the findings of previous studies evaluating 
the relationship between wrist posture and CTS are 
inconsistent. Silverstein (1987) found that working 
with an awkward wrist posture is not a significant 
predictor of CTS, whereas Viikari-Juntura and 
Silverstein (1999) reported a significant association 
between risk of CTS and awkward wrist posture. 
Prolonged exposure to non-neutral wrist postures is 
associated with a twofold increased risk for CTS 
compared with low hours of exposure to non-neutral 
wrist postures. Following are different wrist posture 
associated with CTS:  
 

I. Flexion/Extension (F/E)  
II. Radial/Ulnar Deviation (R/U)  

III. Pronation/Supination (P/S)  
  
The flexion–extension position of the hand was 
defined as the angle between the midline of the 
forearm (semipronated) and the metacarpal bones, 
and was categorized as either neutral (15˚ flexion–15˚ 
extension), non-neutral (15–45˚ flexion or extension), 
or extreme (>45˚ flexion or extension). The deviation 
position of the hand was defined as the angle between 
the midline of the forearm (pronated) and the third 
Metacarpal bone. Deviation was categorized as 
neutral (10˚ ulnar deviation-5˚ radial deviation), non-
neutral (10–20˚ ulnar deviation or 5–15˚ radial 
deviation) or extreme (>20˚ ulnar deviation or >15˚ 
radial deviation) .A goniometer is used to asses’ joint 
motion. In order to ensure reliability, the therapist 
must place the axis and arms appropriately. In 
addition to goniometer placement, for the most 
reliable and accurate results, every effort should be 
made to make the patient physically and emotionally 
comfortable by talking to the patient and describing 
the procedure that is to be followed. For the most 
reliable pretest-posttest information, the same tester 
should use the same goniometer at the same time of 
the day. The manual goniometer for the measurement 
of wrist angle is shown in the figure 1.5. Its 
specification is a Four, 0 to 90°, Two,0 to 180° & 
One, 0 to 360 degree scales in 5 degree increments to 
read Range of Motion. Stainless steel constructed 
with a locking arm. Knurled knob adjusts arm tension 
or fully Locks the arm. Overall length 30cm. comes 
in a beautiful pouch for storage.  
 
II. EXPERIMENTAL WORK  
 
A.  F-Test  
The F-test is named in honor of the great statistician 
R. A. Fisher.  The object of the F-test is to find out 

whether the two independent estimates of population 
variance differ significantly, or whether the two 
samples may be regarded as drawn from the normal 
populations having the same variance. For carrying 
out the test significance, F ratio is calculated. F ratio 
is defined as  
 

F=S1
2/S2

2  
 Where,  
 

Where n1 is the first sample size and n2 is the second 
sample size. It should be noted that S1

2 is always the 
larger estimates of variance i.e. S1

2> S2
2  

F = larger estimate of variance /smaller estimate of  
variance  

 
V1= degrees of freedom for sample having larger 
variance.  
V2= degrees of freedom for sample having smaller 
variance.  
The calculated value of F is compared with the 
tabulated value for V1 and V2 at 5% or 1% level of 
significance. If calculated value of F is greater than 
the table value then the F ratio is considered 
significant and the null hypothesis is rejected. On the 
other hand, if the calculated value of F is less than the 
tabulated value the null hypothesis is accepted and it 
is inferred that both the samples have come from the 
population having same variance.  
Since F test is based on the ratio of two variances, it 
is also known as the variance ratio test. The ratio of 
two variances follows a distribution called the F 
distribution named after the famous statistician R. A.  
Fisher . 
Assumptions in F-test are based on the following 
assumptions:  

 Normality i.e.  the values in each group are 
normally distributed.  

 Homogeneity i.e. the variance with in each 
group should be equal for all groups    

  

 
This assumption is needed in order to combined or 
pool the variances within the groups into a single 
‘within groups’ source of variation.   

 Independence of error: It states that the error 
(variation of each value around its own 
group mean) should be independent for each 
value.   

 
Applying F-Test on Table 3.19 to test that whether 
data from vibrating and non- vibrating unit have same 
variance or not, following hypothesis is assumed:-
Null Hypothesis: Two populations have the same 
variance.   
 
Alternative hypothesis: Two populations have 
different variance.  
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Table 3.19: Values of various strength and cycle 

time for two different units 

  
Table 3.20: Calculated value for sample variances 

 
 
The calculated value of F (0.9140) is less than the 
standard value (6.388), so the null hypothesis is 
accepted. Hence it may be concluded that the two 
samples have the same variance. It means there is no 
significant difference in different strengths and 
average cycle time between vibrating unit and non-
vibrating unit i.e. both the sample have come from 
the population having same variance. Thus the data 
collected from vibrating unit and non-vibrating unit is 
authentic, which is a pre-condition to apply the test of 
significance.  
 
B.  Analysis of Wrist Angle and hand Grip Strength  
Maximum grip strength can be used in designing 
work methods or workstations ergonomically. 
Though there is standard protocols for measuring 
maximum grip strength, workers usually assume  
different upper-limb postures from the standard 
posture. It is known that grip strength can be affected 
by different postures. It is recommended that hand 
position should be over 75% of arm reach and in the 
reach direction of between 45º and 135º of the 
shoulder angle for optimum grip strength and comfort 
(Kong, 2011). There is a significant correlation 
between CTS development and the wrist extension 
angle while typing on a computer keyboard. 
Computer workers who kept their wrists extended by 
more than 20°   are at greater risk of developing CTS.  
To study the correlation between average wrist angel 
and average hand grip strength, data collected from 
health surveillance is categorized into five groups on 
the basis of wrist Flexion / Extension (F/E) and 
average hand grip strength as shown in the Table 

3.31. Here average wrist angel is the independent 
variable (X) and average hand grip strength is the 
dependent variable (Y).  

 
Table 3.31: Survey based data for average wrist 

angel and average hand grip strength 

 
 
The values of Σx2, Σy2   and Σx2 .Y2 are calculated 
from survey based potential CTS symptoms data as 
shown in the Table 3.32 to get the correlation 
coefficient (r).   
 

Table 3.32: Calculated corresponding values of 
dependent and independent variables 

 
 

 
 
Very high negative value of correlation coefficient 
indicates that there is strong negative correlation 
between average wrist angel and average hand grip 
strength i.e. smaller the wrist angel, more the hand 
grip strength. 
To check whether the value of r is significant or not, 
the probable error of the coefficient of correlation is 
obtained as  

 
As the value of correlation coefficient is found to be 
more than six times the values of probable error, 
value of correlation coefficient is significant.   
  
III. RESULT AND CONCLUSION  
 
In this present work effect of Repetitive hand 
movements and forceful work has been studied on 
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human body in terms of potential CTS symptoms. F-
test, correlation analysis of wrist strength and hand 
grip strength were used to achieve the objective. 
Following conclusions have been made:   
 Comparison of hand grip strength and average 

cycle from both units by using F-test revealed 
that both the sample have come from 
population having same variance  

 From correlation analysis, it is concluded that 
there is strong negative correlation between 
average wrist angel (Flexion/Extension) and 
average hand grip strength i.e. smaller the 
wrist angel, more the hand grip strength.  
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