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Cumulative traumadisorder (CTD) isan umbrellaterm used to describe
disorders of the bones, joints, ligaments, muscles which result from the repeated use
of the body part over time. It is not aspecificincident!. CTD isalso caled
repetitive strain injury (RSI), overuse syndromes, or regional muscul oskel etal
syndromes?. CTD caused by long-term computer use is acommon problem in the
modern computerized environment °.  Most computer users spend more than 4 hours
per day in front of their computers *. This habit greatly increases the risk of
muscul oskeletal disorders®.  The high medical costs and disability caused by the
growing number of CTD clients has called the attention from different medical
professionals. The U.S. Bureau of Labor and Statistics reported that the
muscul oskeletal disorders accounted or 26% of all workplace injuriesin 2000 °.
Prevalence rates of reported discomfort by computer workers range from 15 to 70%
depending upon the type of computer workers®.  In Taiwan, more than 60% of
computer users have demonstrated symptoms, such as eye soreness and
muscul oskeletal disorders’. Itiscritical to find out a proper intervention strategy to
prevent CTD and conduct early intervention before the symptom becomes
irreversible.

Risk factors of CTD include repetitive motions, forceful exertions, vibration,
mechanical compression, sustained or awkward postures, all occurring over extended
periods of time?.  Approximately 30% of frequent computer users among hospital
employees have experienced hand paresthesias®.  Young computer users may aso
have muscul oskeletal symptoms.  Among this population, more than 30 % of them
experienced wrist pain °.

Due to differences in muscle strength, anthropometry, and hormones, female
tends to have higher rate of CTD than male*.  Previous researchers also reported
that more women are employed in hand intensive, monotonous jobs. Therefore, they
have greater risk of CTD ™. Cagnie et al. suggested that women had a two-fold risk of
neck and upper extremity pain compared with men *2. Bjorksten et al. ** compared a
group of industrial workers with a group of age matched control. They found the
women in the study group were largely responsible for domestic tasks such as laundry,
cleaning and cooking. Besides, female tends to have higher rate of CTD which may
be related to long term hormonal effects of pregnancy or with activity associated with
child rearing *.

Not only physical factors will contribute to CTD, but also psychosocial factors
are associated with neck pain 2. Several studies focusing on the association between
psychosocia working condition and musculoskeletal symptoms have been proposed
> Recent research has demonstrated that mental stress can increase muscle activity
during simulated visual display unit work *°.  Other study showed that mental stress



also tends to increase the forces applied to the computer mouse and leads to more
rapid wrist movements for visual display unit workers*.  High prevalence of

muscul oskeletal symptom was found to be associated with high psychological distress
for high school students*’.  Further analysis of the content of their job or academic
work might reveal risk factors contribute to their musculoskeletal symptoms *>*”.
However, some questions which was used to assess perceived muscular tension and
psychologica demandsin the previous literature tend to be simple and subjective *°.
Further assessment of the psychological distress should consider other questionnaires
to be more quantitative to assess distress.

Interventions for CTD were classified as engineering, and administrative, or
personal according to the control implementation hierarchy recommended by NIOSH
18 Engineering interventions were defined as “engineered or physical manipulations
of sources of occupational hazards or routes of exposure to them.” Examplesfor
engineering interventions include keyboard designs, mouse designs, and their support
systems. Adjustment of ergonomic factorsisimportant in reducing CTD but
insufficient to prevent CTD °.  Administrative interventions are “ Any management
initiative which modified the work process or work exposure to reduce work related
musculoskeletal disorder distress”. Examples for these interventions are job rotation
or establishment of an ergonomicstask force. A personal intervention was one that
addressed workers’ behavior, education, and training. Examples for this intervention
are ergonomics training, splint application, electro-myographic biofeedback, and
exercise programs.  Among the three maor approaches, physical therapists are more
experienced in persona intervention.  Although researchers have suggested that
multiple component programs were associated with reduced incidence rates of carpal
tunnel syndrome 8, the results are inconclusive because they did not adequately
control for potential confounders. Besides, long term outcomes such as incidence of
pain after treatment were not reported *.

Physical therapists often use their knowledge to establish the treatment and
prevention programs for computer users. We argue that a multi-discipline pre-work
evaluation and education for computer users may be able to detect important risk
factors for muscul oskeletal symptoms.

We propose to conduct a one-year cross-sectional study. Theresearchers are
interested in implanting a multi-discipline evaluation in among office computer
workers. The primary purposes of this study were: first, to compare the prevalence
of musculoskeletal symptoms in different body regions between male and female
computer workers. Second, to investigate the risk factors among computer users. We
hypothesized that the prevalence of muscul oskeletal symptoms between male and
female was different. We also hypothesized that the risk factors of the



muscul oskeletal symptoms between male and female was different.

The results of this study may provide the computer user a simple evaluation to
assess musculoskeletal symptoms.  Multi-discipline evaluation of muscul oskel etal
symptoms for computer users may help us find out various risk factors, permit proper
intervention, or minimize disability in the future.

Method
Subjects:

Forty-three computer users aged from 25-45 years old who spend more than 20
hours per week on computer work were recruited from Tainan area.  Subjects had to
fill out the general health questionnaire. None of them have muscul oskel etal
disorders with specific pathology (e.g. Radiocul opathy).

Procedure
Multidiscipline assessment
All of the participants had ti\o go through multidiscipline evaluation after they fill out
the general health questionnaire.
Questionnaire: psychological distress and pain assessment

Muscul oskeletal symptoms questionnaire (M SQ) was used for evaluation of the
prevalence for musculoskeletal symptoms*’.  The Maslach Burnout Inventory * will
be used to assess office workers’ psychological distress *°.
Physical assessment:

The subject performed standard typing tasks in fast speed and preferred speed for
eight minutes. Another repetitive mouse task for 8 minutes was aso performed.
Sequence of the three tasks were randomized. Typical working environment will be
simulated by adjustment of the table and desk in the postural and balance control lab
in the Department of Physical Therapy, National Cheng Kung University.

The head, trunk, and upper arm positions were recorded by a three-dimensional
system: MacReflex measurement system (Qualisys Inc., Glasstonbury, CN, USA) at
the end of the typing task. Six reflective markers were placed on bilateral ear |obes,
outer canthi, acromions. Another four markers were placed on cervical vertebralevel
7, right elbow, wrist and end of the third metacarpal bone. The following relative
angles of different body segments were calculated: head bending angle, neck flexion
angle, upper arm elevation angle, elbow flexion, and wrist deviation angle. Pain
threshold: pressure algometry will be tested twice on bilateral trapezius muscle, neck
extensor, and right extensor carpi radialis.

Muscle strength: Bilateral shoulder elevation and wrist extension were tested by
using hand-held dynamometer.  Grip strength were tested on both hands.

EMG: Six pre-amplified bipolar surface electrodes (Delsys Inc., Boston, USA)
were used to record el ectromyographic activities from six muscle groups in the both



upper trapezius, both wrist flexors and extensors.  The root mean square value of
electromyographic datawill be calculated.

Ergonomic assessment:

Personal demographic characteristics including: body weight, height, range of
motion of the neck and upper extremities, and anthropometric measurement were
jointly assessed.

Environmental factors. chair, table height, and backrest inclination; screen height,
and its orientation; mouse location; keyboard height, inclination and location will be
measured. All of the data were compared with standard working posture and working
station design.



Results

We recruited forty-three subjects and three subjects withdraw from this study due to
incompl ete data collection.
Demographic data was shown in table 1.

Table 1 Demographic data

Height(cm)  Weight(kg) Age(y/r) Work day Work hours/day
Female 160.5 50.7 314 5.32 8.51
Male 172.78 71.4 31.7 5.25 8.79

Postural analysis

Gender difference
There was significant difference between male and female computer users for head

and neck flexion angle when they were performing the typing task (p=0.004, p=0.014).

Male computer users had alarger head and neck flexion angles than females.

For the repetitive mouse task, there was significant difference between male and

female computer users for shoulder, elbow flexion, and wrist deviation (p=0.036,

p=0.047, p=0.051). Male computer users had larger shoulder, elbow flexion and wrist
radial deviation angles than females.
Table 2 Gender difference of postural changes

Type Head Shoulder | Neck cranio-cer | Elbow Wrist
vical

F 779412 33.1£2.8 | 53.6+1.1 | 152.4£1.7 | 112.3+3.3 | 161.6£1.18
M 82.9+1.2 39+2.8 |57.6+1.1 | 153.6£1.7 | 117.9+3.3 | 160.3£1.18
Siglevel | p=0.004 | P=0.146 | p=0.014 | P=0.602 |P=0.24 P=0.428
Mouse Head Shoulder | Neck c-C Elbow Wrist

F 742415 20.743.2 | 51+2 156.7+2.5 | 102.2+3.8 | 160.3+1.4
M 779415 30.443.1 | 54.6+2 |155.8+2.4 | 113.1+3.7 | 156.5+1.3
Siglevel | p=0.088 | P=0.036 | P=0.214 | P=0.785 |P=0.047 |P=0.051

Timedifference




There were significant differences existed for head, shoulder, elbow flexion angle
among three test sessions when they were performing the typing task.
There were significant differences existed for head, shoulder, elbow flexion and wrist
radial deviation angle among three test sessions when they were performing the
mouse task.

Table 3 Time difference of postural changes

Pre (time 1) mid (time 2) | post (time 3) | Sig level
Head-type 79.4 813 80.5 P=0.022
Head-mouse | 75.2 75.8 77.1 P=0.05
Shoulder-type | 37.6 36.2 34.2 P=0.01
Shoulder-m | 29 22.6 25 P=0.006
Neck-type 55.1 54.1 57 P=0.061
Neck-m 54.3 52.5 51.5 P=0.202
cc-type 154.6 153.7 150.7 P=0.3
cc-m 157.1 157.2 154.4 P=0.106
Elbow-type | 117.2 115 113.1 P=0.024
Elbow-m 114.2 103.7 105 P=0.000
Wrist-type 161.5 160.7 160.5 P=0.163
Wrist-m 161.3 157.4 156.5 P=0.000
Speed difference

For different typing speed, there was significant difference of shoulder flexion, elbow
flexion, and cranio-cervica angles between preferred typing and fast typing speed.
Subjects decreased these angles when they performed the fast typing tasks.

Table 4 Speed difference (typing task only) of postural changes

Preferred type | Fast type Sig level
Head 80.1 80.7 p=0.18
Shoulder 36.7 35.2 P=0.007
Neck 55.6 55.6 P=0.925
cranio-cervical | 154.8 151.2 P=0.043
elbow 115.9 114.3 P=0.007
wrist 161 160.8 P=0.43
EMG analysis

Gender difference
There was no significant difference between male and female computer users for al
root mean square value of tested muscles except right extensor digitorium (p=0.004,



p=0.009). Ma e computer users had asmaller RM S of RED than females for both
typing and mouse task.

Table 5 Gender difference of RMS

Type LED LFDS Ltra Rtra RED RFDS

F 0.221 0.12 0.258 0.276 0.237 0.107

M 0.186 0.074 0.29 0.257 0.166 0.064
Sigleve | P=0.222 | P=0.1 P=0.596 | P=0.678 |P=0.004 |P=0.155
Mouse |LED LFDS Ltra Rtra RED RFDS

F 0.101 0.062 0.135 0.2 0.215 0.083

M 0.089 0.045 0.206 0.207 0.144 0.056
Siglevel | P=0.764 | P=0.271 | P=0.131 | P=0.893 |P=0.009 |P=0.244

Timedifference
There was no significant difference among three test sessions for all root mean square
value of tested muscles except right extensor digitorium of the mouse task. Computer
usersincreased their RM S of RED at time 2 and time 3 while performing the mouse

task.
Table 6 Time difference of RMS
Pre (time1) | mid (time | post (time | Sig level
2) 3)
LED-type |0.204 0.206 0.201 P=0.881
LED-m 0.09 0.099 0.097 P=0.497
LFDS-type | 0.115 0.085 0.092 P=0.352
LFDS-m 0.049 0.053 0.059 P=0.45
Ltra-type 0.269 0.266 0.287 P=0.482
Ltram 0.168 0.161 0.183 P=0.61
Rtratype | 0.28 0.253 0.265 P=0.552
Rtram 0.202 0.194 0.213 P=0.666
RED-type |0.212 0.199 0.193 P=0.593
RED-m 0.167 0.187 0.183 P=0.045
(1,2=0.029,
1,3=0.073)
RFDS-type | 0.105 0.074 0.077 P=0.47
RFDS-m 0.067 0.072 0.069 P=0.284
Speed difference

There was no significant difference of the RM S for all muscles between two test

speeds for the typing task.
Table 7 Speed difference (typing task only)




Preferred type | Fast type Sig level
LED 0.201 0.206 P=0.437
LFDS 0.109 0.085 P=0.184
Ltra 0.271 0.276 P=0.733
Rtra 0.271 0.261 P=0.677
RED 0.211 0.192 P=0.326
RFDS 0.097 0.074 P=0.373

Analysis of Questionnaire

Gender difference

Female tends to have higher symptom scores on upper trunk and extremities except
the finger area. However, none of the difference reached the significant level. Female
also tends to have more frequent complaints of musculoskeletal symptoms on upper
trunk and extremities, especialy for back, forearm, and wrist area (p=0.048, p=0.005,
p=0.007). For the ergonomic assessment, femal e tends to use alower desk,
keyboard height, and chair, but none of them reached the significant level.

Linear regression

Linear regression from the results of the musculoskeletal questionnaire reveal ed that
work hour, year of using computer, and age are more important factors correlated with
wrist pain score but they did not reach the significant level (p=0.087, p=0.078,
p=0.079).

Linear regression from the results of the burnout scale revealed that work hour, year
of using computer, and age are highly correlated with Burnout scale, and work hour
has reached the significant level (p=0.011).

Linear regression from the results of the ergonomic assessment revealed that desk
height was correlated with forearm pain (p=0.053). Chair height was correlated with
back pain (p=0.075) and finger pain (p=0.010) but only finger score reached the
significant level.



Discussion

Due to differences in muscle strength, anthropometry, and hormones, female
tends to have higher rate of CTD than male *°.  Our study confirmed this finding in
some aspects. male computer users had a greater head and neck flexion angle, and
female had greater upper extremity angles. Females also had greater RM S of right
extensor digitorium EMG as compared to males. Although the difference of their
symptom scores did not reach the significant level, the difference of their symptom
frequency did reach the significant level in back, forearm, and wrist regions.

Previous researchers al so reported that more women are employed in hand
intensive, monotonous jobs. Therefore, they have greater risk of CTD ™. Previous
study also demonstrated that women used a higher relative force in computer tasks as
compared to men (Won, 2008). Our study had similar finding but we found not only
did women increase their RM S of right extensor digitorium but also they had more
frequent complaints. Bjorksten et al. ** compared a group of industrial workers with a
group of age matched control. They found the women in the study group were largely
responsible for domestic tasks such as laundry, cleaning and cooking. Our female
workers were responsible for 26 % of domestic work but men did 22%. It seems that
men start to share more house keeping and baby sitting work as compared to previous
generation.

It was found that there were significant differences existed for head, shoulder,
elbow flexion angle among three test sessions when they were performing the typing
task. Our subjects gradually increased their postural angles such as head flexion
angles and decrease their upper extremity angles after eight-minute typing task. We
speculated that as they completed the typing task, they might gradually reach to an
awkward posture that might be related to increase tension of the head and neck
muscle. However, we did not analyze EMG of head and neck extensor muscles. On
the other hand, the computer users decreased the flexion angles of shoulder and elbow
after the typing task and we suspected that they tend to use a more relaxed pattern for
thelr upper extremities.

There were significant differences existed for head, shoulder, elbow flexion and
wrist radia deviation angle among three test sessions when they were performing the
mouse task. Mouse task required the subjects to perform similar postural changes as
the typing task except greater wrist radial deviation (3-4degrees). However, since
the repetitive mouse task requires high repetitive wrist extension, our study also
demonstrated evidence for this phenomenon, we found there was significant increase
of the RM S of right wrist extensor muscles after eight minute mouse task (p=0.045).

For different typing speed, there was significant difference of shoulder flexion,
elbow flexion, and cranio-cervical angles between preferred typing and fast typing



speed. Subjects decreased these angles when they performed the fast typing tasks. We
speculate that those computer users increased forward head position as the typing
speed increased which was reflected on the increase of cranio-cervical angle. They
also used a more retracted posture to perform the fast typing task that was
demonstrated on decrease of shoulder and elbow flexion angle. However, there was
no significant change of RMS for all related muscles found between two typing
speeds. We suspected that the speed changes was adjusted by subjects themselves, and
they could adjust it to a comfortable speed that they did not have to increase tension
immediately. If the typing task lasted longer than our current design, we might be able
to detect significant changes of EMG

Linear regression from the results of the musculoskeletal questionnaire revea ed
that work hour, year of using computer, and age were more important factors
correlated with wrist pain score. Although these factors did not reach the significant
level (p=0.087, p=0.078, p=0.079), which might be due to low number of
guestionnaire. Our future study will use questionnaire survey only and which might
lead to more reliable finding.

Linear regression from the results of the burnout scale reveal ed that work hour,
year of using computer, and age are highly correlated with Burnout scale, and work
hour has reached the significant level (p=0.011). Longer working hour might be a
very important factor for burnout and the computer users could easily get exhausted
after long period of working.

Linear regression from the results of the ergonomic assessment revealed that
desk height was correlated with forearm pain (p=0.053). Chair height was correlated
with back pain (p=0.075) and finger pain (p=0.010) but only finger score reached the
significant level. We thought adjustment of the task environment might be able to
decrease the occurrence of CTD.

Due to insufficiency of grant, we only recruited 40 subjects. This number of
subjects might be enough to detect postural changes but not enough for parameters
with high standard deviation such as median frequency of EMG or questionnaire
anaysis. Future study might need to recruit more subjects for median frequency
anaysis.

Conclusion

Due to different anthropometry, women have demonstrated different postures as
compared to men while were performing different computer tasks. Women aso used a
higher relative force of right extensor digitorium in computer tasks as compared to
men. Our computer users also gradually increased the postura angles and decreased
the upper extremity angles as the computer task lasted or the typing speed increased.
However, there was no significant change of RM S for all tested muscles except right



extensor digirium among three test sessions or two typing speed. We concluded that
postural differences were significant between two genders even we have adjusted their
computer table and chair as their preference. Different percentages of muscle force
were used when they were performing computer tasks. Further studies need to focus
on analysis of more postural muscles as well as recruit more participants.
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