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Abstract. Typing is associated with musculoskeletal complaints (MSCs), caused by multiple risk factors. Although a wide  
variety of ergonomic intervention programs were conducted to reduce risk factors and MSC's, only few of them were found 
evidence based. This study aimed to test the efficacy of a workplace intervention in reducing MSC's among computer workers. 
66 computer workers were assigned randomly to one of three intervention programs: ergonomic intervention including bio-
feedback, intervention without biofeedback and control group without intervention. The efficacy was tested by advanced as-
sessment including; pain location and severity, posture at work, upper extremity 3D kinematics, muscle activity and psychoso-
cial status. Working hypothesis; significant score differences will be found between the study groups which underwent ergo-
nomic intervention and the control group on the following measures: pain complaints, upper extremity kinematics, muscle 
activity and psychosocial status. Significant differences were found between pre and post intervention and between research 
groups and the control group in pain, posture and motion. The ergonomic intervention with biofeedback had no unique contri-
bution in comparison to other interventions. In conclusion; the proposed intervention program was found efficient for reducing 
pain among computer workers.  
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1.  Introduction 

Computer settings points to a number of risk 
factors which may induce the development of muscu-
loskeletal complains of the upper extremities (UEs), 
neck  [10-11] and low back pain (LBP) [20,34]. An 
activity analysis of computer settings pointed to a 
number of risk factors for musculoskeletal com-
plaints (MSCs), among which were repetitive work, 
and awkward postures of the trunk, neck and upper 
limbs, [10-11,16,19,21] . Other reported risk factors 
relate to the hands: hyperextension of the 5th digit’s 
metacarpophalangeal joint, isolation of the 1st and 5th 
digits [32], maintaining static hand positions [13-14], 
mechanical pressure on the distal forearm [11,12] 
[23,35], and exerting force while typing [7,22,38] 
Reports in the literature also note the effect of mental 
demands on muscle tension, defined as "non-
biomechanical muscle activity". Mental demands of 
the assignment and the individual's characteristics, 
e.g. typing style, speed, directly influence muscle 
activity [2,28-30], and could be associated with pain 
of hand, forearm, neck or low back [2,15] during 

typing. Various preventive intervention programs 
have been developed to treat the increased occur-
rence of UE -WRMSD among computer operators. 
Nevertheless, many of these programs do not meet 
the criteria of level of evidence due to several metho-
dological limitations. Literature review [37] dealing 
with prevention, effectiveness of therapy and instruc-
tion given to employees at the workplace (811 pa-
pers) found fifty-three of the papers dealt with the 
reduction of symptoms of UE-WRMSD, and of these, 
only eight met the criteria of quality and level of evi-
dence. A survey of various prevention methods, in-
cluding the use of biofeedback [1, 8, 9 25,  26, 27, 33, 
37, 39], revealed that most of the studies had serious 
methodological limitations that affect the validity of 
the results. These include the absence of similar stu-
dies that duplicate results, small sample size, absence 
of a control group, and non-standardized outcome 
measures. Moreover, much of the knowledge and 
evidence for prevention programs has focused on a 
single risk factor, [6, 11, 24, 31] while further proof 
is lacking regarding the efficacy of comprehensive 
prevention programs in the field. The small number 
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of evidence-based information on preventive pro-
grams may be due to the measurements used to eva-
luate success or failure. The objective of this study is 
to test the efficacy of primary and secondary preven-
tive intervention programs for reducing UE-
WRMSD.  

 

2. Methods and materials 

2.1 Participants 

The study was approved by the Institutional Re-
view Board of the hospital in which the research was 
conducted. Each participant signed a consent form 
before enrollment. A total of 66 (23 males and 43 
females) computer operators from four different High 
Tech companies agreed to participate in the present 
study. All participants currently work more than four 
hours per day in front of a computer and are right   
hand dominant. Participants suffering from  
orthopedic injury or neurological deficit with the 
exception of the diagnoses of Upper Extremity –

Musculoskeletal Complains ( i.e. Rotator cuff syn-
drome, Lateral epicondylitis, Cubital tunnel syn-
drome, Carpal tunnel syndrome, Flexor-extensor pe-
ri-tendinitis or teno-synovitis of the forearm-wrist 
region, De Quervain’s disease and Nonspecific 
MSD), medical conditions that cause swelling of the 
joints or hand numbness (pregnancy, diabetes, heart 
condition, arthritis) were excluded from the study. 
All participants who started the program finished it.  
The characteristics of demographic data as well as 
work descriptions are presented in Table 1 

  The participants were assigned randomly to one 
of three intervention programs:  
a) Ergonomic   intervention, including biofeedback, 
n=22, b) Ergonomic intervention without biofeed-
back, n=23, c) Control group without intervention, 
n=21.  
 
 
 
 
 

 
Table 1:  

Characteristics of study participants 
 

 

2.2 Instruments 

2.2.1 Pain questionnaire 
The Standardized Nordic Questionnaire (SNQ) 

was used to evaluate the prevalence and anatomical 
location of the MSCs, reported by the study popula-
tion[18]. The questionnaire includes a detailed refer-
ence to pain in the low back, neck and shoulders. An 
appendix for UEs (arms, forearms, wrists and fingers) 
was recently added and validated in relation to the 
Disability Arm, Shoulder, Hand assessment ques-
tionnaire (DASH; r=.53; p < 0.001) [41], and was 
successfully used in a previous ergonomic study [33]. 
The general prevalence of MSCs in the last year and 
last week was calculated, i.e. assigning ‘1’for pain in 
at least one body part and ‘0’ for no pain, and pro-

vided a literal description of the MSC. We calculated 
the NSQ scores by counting the number of painful 
body parts reported during the preceding week (be-
tween 0-9 parts), during the preceding year (between 
0-12 parts), and the severity of pain in these body 
parts (on a scale of 0-14 for the neck and low back 
and 0-19 for the shoulders and UEs). The severity 
scores refer to the effect the pain has on carrying out 
work activities, the quality of leisure time, as well as 
the duration of pain during the preceding week and 
the preceding year. We added the prevalence of 
MSCs in the shoulder, neck, back and UE by calcu-
lating the percentage of subjects that experienced 
pain in the mentioned  body part , i.e. by assigning 
‘1’ for pain, ‘0’ for no pain, according to the UE ap-
pendix conducted  by [41]. 

 Minimum Maximum Mean SD 
Age  21.00 62.00 37.33 9.35 
BMI 16.77 39.06 24.35 4.34 
Education in years 12.00 25.00 15.59 2.94 
Workdays per week 5 6 5.01 0.12 
Working hours with computer per day 4.00 12.00 7.40 1.51 
Keyboard use per day in percent 10.00 90.00 55.83 17.13 
Mouse use per day in percent 10.00 90.00 44.16 17.13 
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2.2.2 Assessment of body position and work related 
hazards, RULA 

Operational posture at the workstation was meas-
ured at the workplace using the proposed RULA for 
computer user's observation (RULA), which assesses 
posture and force exertion risk factors of the UE as 
well as the trunk and lower extremities during work 
performance. The findings are mapped into three 
scores, and a grand score “C” as a global measure of 
the risk. The grand total score ranges between 1 and 7 
will be used [36]. 

 
2.2.3 Psychosocial assessment  

The Swedish Demand Control - Support Question-
naire (DCSQ) [4])  is a shorter and modified version 
of Karasek's Job Content Questionnaire (JCQ). The 
questionnaire consists of 14 statements covering psy-
chological demands, decisional attitude and social 
support in the workplace. The questionnaire has two 
parts; the first relates to job demands with a higher 
score indicating higher demands. The second part 
refers to decisional attitude; with a higher score indi-
cating more freedom in making decisions.  The psy-
chometric properties of DCSQ are satisfactory, valid 
and reliable. ����� �
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 2.2.4.Myo-Trac Infinity, Surface Electro-Myograph 
(SEMG) biofeedback,  

Manufactured by Thought Technology Ltd. Can-
ada was used for reporting muscle activity, this 
SEMG device was used for intervention and pre and 
post evaluation. Data was collected from 45 partici-
pants due to technical difficulties. Muscle signal am-
plitude of the wrist extensors and upper trapezius 
were recorded during maximal voluntary contracture 
(MVC) and during the typing of a predetermined sen-
tence. Signal was sampled at 2048 samples per 
second. The data was filtered automatically by the 
infinity system. Notch filter of 50Hz was chosen as a 
default. The signal was filtered with high-passed fil-
tere, cutoff frequency of 20Hz with 4th order Butter-
worth. 
The mean root mean square (RMS) was used and 
normalized with respect to MVC and expressed as a 
percentile of the MVC. For using RMS EMG, the 
filtered EMG is rectified to RMS, using blocks of 102 
samples and then smoothed by a damper filter with a 
time constant of 0.75 for the biofeedback channel sets. 

Ninety percent of the collected data was included in 
the analysis (the first and last 5% of data was elimi-
nated due to the wide variability in the start and end 
points of typing). 

 
2.2.5 Intervention programs  
Intervention Program for Control Group: A single 
ergonomic meeting based on NIOSH recommenda-
tions for office workers was given for the control 
group [16].  
Intervention Program for Study Group 1:  
Individual instructional course was given for each 
participant, over 3 – 6 sessions. The program com-
prised three parts, as recommended in the literature 
[19,25]. The first part included pain relief according 
to symptoms. The second part was: work station  
adjustments according to NIOSH recommendations 
[16] and personal anthropometric data. The third part 
included practicing relaxed work style, work and 
breaks periods, stretching and strengthening exercises, 
muscle relaxation techniques during and after typing 
[19,25]. 
 Intervention Program for Study Group  2:  
Identical to intervention program for study group , 
but training included a biofeedback system – Byo-
graph infinity hardware and software. The system 
records the electrical muscle contracture during work. 
The signals from wrist extensors, finger and the up-
per trapezius are provided as immediate visual and 
auditory feedback of the motor performance (www  
[17] [5], hagg-[40]). The system was used in the 
workplace for the second research group. 
 
2.3 Procedure  
. 

RULA observation was conducted at participant’s 
workstations. An occupational therapist who was 
blinded to the participant’s group assignment ob-
served all participants before and after the interven-
tion program. Biodemographic questionnaires and the 
SNQ questionnaire were filled out and the markers 
and drive boxes were attached according to protocol 
to the right upper extremity 

  The SEMG electrodes were attached to the upper 
right trapezius and wrist extensors. The participants 
were invited to the motion lab and instructed to be 
seated, adjust the station to a comfortable position as 
they were used to and type a predetermined sentence 
on a standard computer with flat keyboard position. 
The typing task was repeated five times. Muscle ten-
sion was derived from the markers while the subject 
was sitting and typing. This procedure was repeated 
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after intervention. The time between pre and post 
intervention was at least two months. 

2.4.Data analysis 

One way analysis of variance and Kruskal Wallis 
(for non parametric variables) tests were used to test 
whether the base line values in the study groups are 
similar.  

In the next stage differences between pre and post 
values of the following variables: painful body parts 
in the last week, muscle tension variables and RULA 
score were computed. 

In order to be able to see an integrative picture of 
the upper extremity the sum of differences in muscle 
tension presented as percentile of MVC of the exten-
sors and upper trapezius was calculated. In order to 
prove the assumption that there will be significant 
differences between the control group and the study 
groups, one way analysis of variance for parametric 
variables and Kruskal Wallis for the non parametric 
variables were used. Significant differences were 
followed by LSD post-hoc tests controlling cumula-
tive significance of p < .05.  

3. Results 

The participants were divided randomly into three 
groups. No significant differences were found be-
tween the groups before intervention in the following 
variables: pain measurements, UE kinematics, muscle 
tension, psychosocial status and posture at work. 

 
3.1Pain complaints 
 

Kruskas Wallis test was conducted to compare be-
tween the study groups in the following variable: 
mean differences between pre and post values of 
painful body parts in the last week and severity of 
hand pain. Significant differences were found be-
tween the study groups (see table 2). The mean score 
of the research groups were similar but significantly 
higher in comparison to control group. Significant 
differences were found between the biofeedback 
group and other groups in severity of hand pain.  

. 
3.2 RULA- body posture at workstation 
 

Kruskas Wallis test was conducted to compare be-
tween the study groups in posture at work (see table 
3). Significant differences were found between the 

groups in the RULA scores. The mean difference of 
the research groups was similar but significantly 
higher than the control group. The RULA score in all 
groups was reduced.  

 
3.3 Psychosocial status  

 
No change was expected in the psychosocial status 

during intervention period.  
 

3.4 Muscle activity (SEMG)  
 

No significant differences were found between the 
groups in muscle activity pre and post intervention 
measured by percentile of MVC (F=0.09;p=0.91).   

 
 

4.Discussion  
 
 This study aimed to evaluate the efficacy of ergo-

nomics intervention programs for reducing MSC 
among computer workers. Our hypothesis assumed 
that significant differences will be found between the 
group which underwent ergonomic intervention with 
biofeedback, the group without feedback, and the 
control group. The results demonstrated significant 
reduction in number of painful body parts, reduction 
in severity score of hand pain and in the RUlA score 
presenting the exposure to risk factors due to body 
posture. Significant differences were found between 
the research groups and the control. 

The results demonstrated significant reduction in 
number of painful body parts, reduction in severity 
score of hand pain and in the RUlA score presenting 
the exposure to risk factors due to body posture. Sig-
nificant differences were found between the research 
groups and the control. 
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Table 2: Pain complaints. 
Comparison between the study groups in the following variable: 
mean differences between pre and post values of painful body parts 
in the last week and severity of hand pain. 

 
(Kruskas Wallis test) 
 
Table 3: Posture at work (RULA).  
Comparison between the study groups in the following variable: 
mean differences of the RULA score between pre and post inter-
vention.  

(Kruskas Wallis test) 
 
4.Discussion  

 
This study aimed to evaluate the efficacy of ergo-

nomics intervention programs for reducing MSC 
among computer workers. Our hypothesis assumed 
that significant differences will be found between the 
group which underwent ergonomic intervention with 
biofeedback, the group without feedback, and the 
control group. The results demonstrated significant 
reduction in number of painful body parts, reduction 
in severity score of hand pain and in the RUlA score 
presenting the exposure to risk factors due to body 
posture. Significant differences were found between 
the research groups and the control.  

No differences were found between the research 
groups in reduction of number of painful body parts 
except to the severity 

of hand pain that was higher in the biofeedback group. 
These results are in concurrence with other studies,  
 
 
 

 
 
 
 
 
 

 
 
demonstrated that multi factorial occupational inter-
vention program had similar outcomes even though 
there is some evidence for the efficacy of the bio-
feedback [12]. Muscle tension did not changed signif-
icantly [3], suggested limits for each load level in 
cases of long duration activities at work: The 90th 
percentile (peak) should not exceed 50-70% of MVC. 
The 50th percentile should not exceed 10-14% MVC, 
and the 10th percentile (static) should not exceed 2-
5% MVC[3]. In our study the loads before interven-
tion in the research groups did not exceed 10-14% 
MVC, which may be the reason for the non-
significant changes.  

Since the study population was not exposed to 
stress at work, the psychosocial status had no effect 
on MSC and changes were not expected. 

 

Variable Group  Pre –post 
differences 
Mean (Sd) 

n Rank Chi 
square 

Sig 

Number of painful 
body parts  in 
the last week 

 

Control -.19 (1.03) 21 20.64 13.30 
 

0.001 

Biofeedback 
 

1.13(1.35)) 22 37.14   

Without Biofeedback 
 

1.40 (1.6) 20 38.28   

Severity score of 
Hand pain 

 

Control 
 
Biofeedback 
 
Without biofeedback 

-.33(1.46) 
 

1.31(4.34) 
 

-.15(1.84) 
 

20 
 

22 
 

20 

27.45 
 

33.27 
 

28.63 

6.71 0.03 

 Group Pre –post 
differences 
Mean (Sd) 

N Mean Rank Chi   
square 

sig 

RULA Control 
 

1.52 (1.56) 21 19.19 16.37 .000 

Biofeedback 
 

3.20(1.10) 20 38.95   

Without Biofeedback 
 

2.95  (.92) 20 35.45   
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5. Summary 

 
Significant differences were found between pre and 
post intervention and between research groups and 
the control group in pain and posture. The ergonomic 
intervention with biofeedback had no unique contri-
bution in comparison to other interventions. In con-
clusion; the proposed intervention program was 
found efficient for reducing pain among computer 
workers.  

Individual ergonomic intervention may reduce 
pain and MSC among computer operators. The con-
clusions of the current study refer to the immediate 
efficacy of the ergonomic intervention on pain reduc-
tion. Long term efficacy cannot be concluded. 

References 

[1] A. P.Verhagen, C.Karelsa, S.M.A  Bierma-Zeinstraa, 
A.F.S Dahaghina,  A. Burdorfb, .and B.W. Koesa,  Exercise 
proves effective in a systematic review of work-related com-
plaints of the arm, neck, or shoulder. Journal of Clinical Epi-
demiology; 60(2)(2007), 110-7. Epub 2006 Sept. 7. Review.  

[2] B. Laursen, B.R. Jensen,  H.Gardeand and A.H.Jørgensen,  
Effect of mental and physical demands on muscular activity 
during the use of a computer mouse and a keyboard. Scandi-
navian Journal of Work, Environment & Health, 28 (4) 
(2002), 215–221.  

[3] B. Jonsson, Kinesiology: With special reference to electro-
myographic kinesiology. In: Contemporary Clinical Neuro-
physiology (EEG Suppl. 34),(1978), 417-428 

[4] B. Sanne, S.Torp and A.Mykeltu, The Swesdish Demand-
Control Support Questionnaire DCSQ:   Factor stracture,item 
analysis,and internal consistency in a large popula-
tion,Scandinavian Journal of public Health;33(3) (1995),166-
174.          

[5] D. E.LeCraw and S.I. Wolf,  Electromyographic biofeedback 
for neuromuscular relaxation and re-education. In: 
M.R.Geresh, . Electrotherapy in Rehabilitation. Contempo-
rary Perspectives in Rehabilitation. F.A.Davis Company 
1992; 291-327.33.  

[6] D. Rempel, B.J.Martin, T.J. Armstrong, and E.Serina, Finger 
force during computer keyboard work: Relation of key 
switch make force to applied force. Ergonomics 40 
(8)(1997), 800-808. 

[7] D. Rempel, P.Tittirandona , S.Buurastero, M.Hudes  and 
Y.So ,  Effect of  keyboard  keyswitch design on hand pain. 
Journal of Occupational and Environmental Medicine, 41 
(12)(1999), 111-119.  

[8] D. Rempel, N. Krause, R.Goldberg, D.Benner,M.Hudes, .and 
G.Goldner, Randomised controlled trial evaluating the effects 
of two workstation interventions on upper body pain and in-

cident musculoskeletal disorders among computer operators. 
Occupational Environment Medicine 63(2006),300–306.  

[9] E. Peper, V.S Wilsonb, W. Taylor, A. Pierce, and   
T.V.Bender, Repetitive strain injury, computer user injury 
with biofeedback: assessment and training protocol. Electro-
myography, Application in Chronic Pain, Physical Medicine 
& Rehabilitation 1997.  

[10]   F. Gerr, M.Marcus, C. Ensor, D.Kleinbaum,     S.Cohen  
and A.Edwards,  A prospective study of computer users: I. 
Study design and incidence of musculoskeletal symptoms 
and disorders. American Journal of Industrial Medicine, 
41,(2002), 221–235.   

[11]   F. Gerr, M. Marcus, and C. Monteilh , Epidemiology of 
musculoskeletal disorders among computer users: lesson 
learned from the role of posture and keyboard use. Journal of 
Electromyography and Kinesiology, 14 (1), (2004),25-31.  

[12]  G. E. Voerman, L.O. Sandsj,M.R. Vollenbroek-Hutten,P. 
Larsman,R.Kadefors and H.Hermens, Effects of Ambulant 
Myofeedback Training and Ergonomic Counseling in Female 
Computer Workers with Work-Related Neck-Shoulder Com-
plaints: A Randomized Controlled Trial. Journal of Occupa-
tional Rehabilitation (2007) 17:137–152 

[13] G. G. Simoneau   and W. M.Marklin,   Wrist and forearm 
posture of users of conventional computer keyboards. Human 
Factors, 41(1999), 413-424.  

[14] G.G. Simoneau, W. M.Marklin J.E Berman,  Effect of com-
puter keyboard slope on wrist position and forearm electro-
myography of typists without musculoskeletal disorders. 
Physical Therapy , 83 (2003), 816-830. 

[15] G.M. Hagg, B. Melin and R. Kadefors, Applications in 
Ergonomics. In: R.Mereletti, and P.Parker, Application in 
Ergonomics Electromyography: physiology, engineering, and 
noninvasive applications. Institute for Electrical and Elec-
tronics Engineers, Inc. 2004, 343-361. 

[16]   h ttp://www.cdc.gov/niosh/topics/ergonomics/ 
         NIOSH - National Institute for Occupational Health Program 

(1997). Musculoskeletal disorders and workplace factors. A 
critical review of epidemiologic evidence for work related 
musculoskeletal disorders of the neck, Upper Extremity and 
low back. US Department of Health and Human Services. 
Public Health Service. from World Wide Web. 

[17]  http://www.bfe.org/protocol/pro09eng.htm. 
[18]  I. Kuorinka, B.Jonsson,  A.Kilbom,  H.Vinterberg,  

F.Biering-Sorensen,  G.Andersson  and K.Jorgrnsen, . Stan-
dardised Nordic questionnaires for the analysis of muscu-
loskeletal symptoms. Applied Ergonomics 18(1987), 233-
237.  

[19]  J. Barry Keyboards. In:  K.Jacobs. Bettencourt CM editors. 
Ergonomics for Therapists. Boston: Butterworth-Heinemann; 
1995, 157-182. 

[20]  J. H. Van Dieen, and A. J. Van der Beek, Work related Low 
back pain: Biomechanical Factors and primary prevention In: 
Sharawan, K., ed. Ergonomics for rehabilitation profession-
als. Boca Raton: Taylor and Francis. 2009, 359- 395.  

[21]  J. Wahlström, Musculoskeletal disorders and computer 
work. Ergonomics, 55 (3) (2005), 168-176.  

Y. Levanon et al. / Multi Dimensional System for Evaluating Preventive Program 674



[22]  K. Asundi,  P.W.Johnson, J.T. Dennerlein,   Inrtia artefacts 
and their effect on the    parameterisation of keyboard reac-
tion forces. Short Communication Ergonomics,52(10) (2009)      
1259–1264. 

[23]  K. Vroman, and N.Macrea, Non-work factors associated 
with musculoskeletal upper extremity disorders in women: 
Beyond the work environment. Work, 17(2001), 3-9. 

[24]  L. Ortiz-Hernández, S. Tamez-González, S. Martínez-
Alcántara, and I.Méndez-Ramírez, Computer use increases 
the risk of musculoskeletal disorders among newspaper office 
workers. Archives of Medical Research 34(4)(2003), 331-
342.  

[25]  M Melnick.  Designinig a prevention program in: Sanders, 
M.J. Management of Cumulative Trauma Disorders. Butter-
worth-Heinemann, 1997, 261-277. 

[26] M. Feuerstein   and C.B.Harrington, Secondary prevention of 
work-related UE disorders: recommendations from the An-
napolis conference Journal of Occupational Rehabilitation 
16(2006) 393-401.  

[27] M. Feuerstein, W.S Shaw, R.A. Nicholas, and G. 
D.Huang, From confounders to suspected risk factors: psy-
chosocial factors and work-related UE disorders. Journal of 
Electromyography and Kinesiology 14(1)(2004), 171-178. 

[28] M. Waersted, R.A.Bjørklund, and R.H.Westgaard,  . The 
effect of motivation on shoulder-muscle tension in attention-
demanding tasks. Ergonomics, 37(1994),363–376.  

[29]  M. Waersted and Westgaard, R.H., 1996. Attention-related 
muscle activity in different body regions during VDU work 
with minimal physical activity. Ergonomics, 39, 661–676.  

[30] M.Waersted, Human muscle activity related to non biome-
chanical factors in the work place. European Journal of Ap-
plied Physiology, 83,(2000), 151-158.  

[31] N. A. Baker, and E.L.Cidboy,  The effect of three alternative 
keyboard designs on forearm pronation, wrist extension, and 
ulnar deviation: a meta-analysis. American Journal of Occu-
pational Therapy 60(2006),40-49.  

[32] N. A. Baker, R. Cham, E.HCidboy, J.Cook and M.S.Redfen, 
Kinematics of the finger and hands during computer key-
board use. Clinical Biomechanics (Bristol, Avon) 22 (1) 
(2007), 34-43.  

[33] N. Z. Ratzon, N. and Mizrachi, The presence of musculoske-
letal disorders among amateur bowlers. Work 30 (2008.), 
369–375 

[34] P. T. Hakala,  A.H.Rimpela,   L.A.Saarni, and J.J.Salminen, 
Frequent computer-related activities increase the risk of 
neck–shoulder and low back pain in adolescents. European 
Journal of Public Health, 16 (5) (2006),536–541.  

[35] P.Tittiranonda, S.Burastero,  and D.Rempel,  . Risk factors 
for musculoskeletal disorders among computer users. Occu-
pational Medicine, 14(1999), 17–38, iii. 

[36] R.A. Lueder, Proposed RULA for Computer Users. Proceed-
ings of the Ergonomics    Summer Workshop, UC Berkeley 
Center for Occupational & Environmental Health Continuing   
Education Program, San Francisco, August 8-9, 1996. 

[37]   R. E. Williams,and M. G. Westmorland, Effectiveness of 
workplace rehabilitation interventions in the treatment of 

work-related UE disorders: A systematic review. Journal of 
Hand Therapy 17(2)(2004),267-273.  

[38]  R. G. Radwin, and B.A.Ruffalo, Computer key switch force–
displacement characteristics and short-term effects on loca-
lized fatigue, Ergonomics; 42(1) (1999),160–70. 

[39]  R. M. Szabo, Determining Causation of Work-Related UE 
Disorders. Clinics in Occupational and Environmental Medi-
cine 5(2)(2006), 225-234. 

[40] S. M.Blackmore, D.A. Williams, and S.LWolf,   In :J.M. 
Hunter, M.D.Schneider,E.J, Mackin, and A.D. ,Callahan The 
use of biofeedback in handehabilitation. In: Rehabilitation of 
the Hand. CV Mosby, St Louis. 1994, 3rd ed.1779-1794 

[41] Y. Kaufman-Cohen, N.Ratzon, Correlation between risk 
factors and musculoskeletal disorders among classical musi-
cians Occupational Medicine,  61(2) (2011) , 90-95,   

[42] V. Loubevara,A. Kilbom, In: J.R.Wilson, and  N. Corlett,  
Evaluation of human work. Taylor Francis. 2005, 3rd ed.; 
429-452.  

Y. Levanon et al. / Multi Dimensional System for Evaluating Preventive Program 
675


