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ABSTRACT

Musculoskeletal Disorders (MSDs) are the common health problems among
individuals in different occupations. Heavy truck drivers are exposed to various
psychological, psychosocial and physiological factors such as Whole Body Vibration
(WBV), awkward positioning, bad eating habits and etc. which some of them cause
the prevalence of musculoskeletal discomfort in different body regions. In Iran, the
prevalence of musculoskeletal discomfort among the heavy truck drivers is a mutual
concern. Thus, investigation related to association of different factors with

prevalence of musculoskeletal discomforts is necessary.

Cross sectional study method is applied in order to assess association of factors with
the occurrence of musculoskeletal discomforts. 384 Iranian heavy truck drivers are
interviewed by an updated Nordic Musculoskeletal Questionnaire (NMQ).
Furthermore, hypothesis testing is used to assess the associations of different factors
and musculoskeletal discomfort reported by participants. Logistic regression method
is used to investigate the different correlations among questions of the survey and
different body sections that Interviewees experience trouble as well. Moreover,
Rapid Entire Body Assessment (REBA) technique is applied for various positions of

drivers whom used in order to fulfill different job tasks.

Results demonstrate that 57% of the drivers are suffering from discomfort in their
lower back region. Additionally, neck, left shoulder, right shoulder, knees and upper
back, are among the high prevalence region that musculoskeletal discomfort has been

reported. Hours of exposure to vibration were associated with discomfort of neck (p-



value=0.00) and shoulders area (p-value=0.00); though, such a relation was not
found for the discomfort of lower back (p-value=0.30). In addition 24 mathematical
equations have been illustrated with significant predictors’ questions and their
correlations with the prevalence musculoskeletal discomfort of different body
regions of truck drivers. REBA method improved three different positions of the
truck drivers; however, seating position behind the steering wheel is remains at high

risk position category (REBA score=10).

Keywords: Musculoskeletal disorders, WRMSD, REBA, Logistic regression, Nordic

Musculoskeletal Questionnaire



Oz

Kas-iskelet sistemi hastaliklar1 (KISH) farkli mesleklerdeki bireyler arasindaki ortak
saglik sorunlar1 arasinda bulunmaktadir. Agir kamyon soforleri, Tiim Viicut Titresim
(WBV), garip konumlandirma, kotii beslenme aliskanliklart vb gibi sebepler ile
viicutlarinin farkli bolgelerinde kas iskelet rahatsizligina neden olabilicek cesitli
psikolojik, psikososyal ve fizyolojik faktorlere maruz kalmaktadirlar. Iran'da, agir
kamyon surictleri arasinda kas-iskelet rahatsizlikarinin yayginligi endise edilen bir
hususu olusturmaktadir. Boylece, kas-iskelet rahatsizliklar1 yayginligi ile farkl

faktorlerin arasindaki iligkinin arastirilmast gerekmistir.

Kesitsel ¢alisma yontemi kas-iskelet rahatsizliklari ortaya ¢ikmasi ile faktorlerin
iliskisinin degerlendirilmesi amaciyla uygulanir. 384 Iranl agir kamyon siiriiciisiine
giincellestirilmis Nordik Kas-iskelet Anketi (NMQ) uygulanmistir. Ayrica, hipotez
testi kullanarak farkli faktorler ve katilimcilar tarafindan bildirilen kas-iskelet
rahatsizliklart arasindaki iligki degerlendirilmistir. Lojistik regresyon yontemi
anketin sorular1 ve farkli viicut boliimleri arasindaki farkli iligkiyi arastirmak icin
kullanilmistir.  Ayrica, Hizli Biitiin Viicut Degerlendirmesi (REBA) teknigi

kullanilarak soforlerin ¢esitli pozisyonlarda farkli is gérevleri incelenmistir.

Sonuglar siiriiciilerin - %57'sinin  alt sirt bolgesindeki rahatsizliktan muzdarip
oldugunu gostermektedir. Ayrica; boyun, sol omuz, sag omuz, diz ve st sirt, kas-
iskelet rahatsizliklarinda rapor edilen yiiksek prevalans bolge arasinda yer aldigi
ortaya ¢cikmistir. Titresime maruz kalmanin saat boyun rahatsizlik (p-degeri = 0.00)

ve omuz alam (p-degeri = 0.00) iligkisi bulunmus olsa da, boyle bir iliski alt sirt



rahatsizlik (p-degeri = 0.30) icin bulunmamaktadir. Ek olarak 24 matematik
denklemiyle kamyon siiriiciilerinin degisik viicut bolgelerinde yaygin olarak kas-
iskelet rahatsizlig1 ile anlamli yordayict sorular1 ve korelasyonlar ile gosterilmistir.
REBA yoOntemi kamyon siiriiciileri li¢ farkli pozisyonlarinda gelistirilmistir. Ancak
direksiyon simidinin arkasinda oturma pozisyonu yiiksek riskli pozisyon

kategorisinde kalmistir (REBA puani = 10).

Anahtar kelimeler: Mesleki kas-iskelet bozukluklari, REBA, Lojistik regresyon,

Nordik Kas-iskelet Anketi

Vi



T My Dhor Forrrity



ACKNOWLEDGMENT

| would like to express my gratitude to everyone who has assisted me on the journey

through this thesis from start to finish.

In the first place, 1 would like to propose a vote of thanks to my very devoted
supervisor, Assoc. Prof. Dr. Orhan Korhan for is generous support, useful comments,
provoking suggestions, patience and encouragement. Without his knowledge and

guidance, this thesis would not have been possible. Thank you.

| would like to express my sincere thanks to Prof. Dr. Bela Vizvari and Asst. Prof.
Dr. Sahand Daneshvar for having served on my committee. Their feedbacks and

positive insights were valued greatly.

Furthermore, | want to thank Asst. Prof. Dr. Gokhan Izbirak, Chairman of
Department of Industrial Engineering and all lecturers who taught me during my

studies at Eastern Mediterranean University.

Thanks also go to my fellow graduate students at Industrial Engineering Department.
Specifically, my classmate, officemate, fellow researcher and dearest friend Ehsan

Shakeri for his contributions that helped to improve this thesis

viii



TABLE OF CONTENTS

AB ST RACT ... 11l
OZ bbbt Vv
DEDICATION ...t nnee s vii
ACKNOWLEDGMENT ...t nee e viil
LIST OF TABLES ... .ot xiii
LIST OF FIGURES ...t XViii
LIST OF ABBREVIATIONS ... ..o XiX
L INTRODUCTION ...ttt e e e e nnae e s e e anneeeanns 1
1.1 BACKGroUNG STUAY ........eiviriiiiiiiieiieiieieie e 1
1.2 SignificanCe OF STUAY .......ccoiiiiiiiieiee e 2
1.3 AIMS aNA ODJECTIVES .....oviiiieiiiiiiieieiee ettt 3
1.4 HYPOTNESES ...t bbbt 3
1.5 Research MethodolOogy .........ccoviiiieiiieiesie e 5
1.6 Structure 0f the TRESIS ........oiiiiiiiieee e 6
2 LITERATURE REVIEW ...ttt aae e 7
2.1 Physiological Factors and their Association With MSD ...........c.ccocvvvinniienen, 7
2.2 Psychosocial Factors and their Association With MSD ............c.ccocvviiniinnnen, 9
2.3 Psychological Factors and their Association with MSD..........c.ccccoecveeiiennenn. 12
2.4 Surveys Used for Musculoskeletal Discomfort Assessment ............ccccceeveeene. 13

2.4.1 The National Institute for Occupational Safety and Health (NIOSH)

Symptoms Survey Versus NMQ .......ccooiiiiiiiiiieie e 13
2.4.2 Dutch Musculoskeletal Discomfort Questionnaire (DMDQ).................... 13
2.4.3 Cornell Musculoskeletal Discomfort Questionnaire (CMDQ).................. 14



2.4.4 Body Part DiSCOMTOIt Map.......cccoviieiieieiiereeie e e 15

2.5 POSTUIE ANAIYZING ....c.eiiiiiiieiee e 15
25 1 RULA ettt 15
252 REBA ..o et 16
253 WERA L e 17

S METHODOLOGY ..ottt sttt 18

3.1 QUESTIONNAITE ...ttt sttt e et e e s e sreeaeeneesreenee e 18

3.2 SAMPIE SIZING . e 19

B3 HYPOTNESES ... 20

3.4 DAta ANAIYSIS ... 26
3.4.1 Questionnaire Validation..........cccccvieeiieiiiieneee e e 27

3.5 REGIeSSION ANAIYSIS....c.viiiiiitiiiiiieiee e 29

3.6 REBA ANAIYSES ...ttt 32

A RESULTS ettt b et e bt e b e e nbeenbeeente e e 33

4.1 SAMPIE SIZE TESTING. .. ccueiieieieeite et 33

4.2 QUESTIONNAITE FINAINGS .....vevveiiiiiieiieeeee e 34
4.2.1 First Part of the Questionnaire FINAINGS..........ccocvviieneniienececee, 34
4.2.2 Second Part of the Questionnaire FINdiNgs ..........cccooviereninininiicee, 35
4.2.3 Third Part of the Questionnaire FINdiNGS ...........ccoovvrierenenenineeeee, 35
4.2.4 Fourth Part of the Questionnaire FINdINGS .........ccccvvviirencicnineeeee, 37
4.2.5 The Fourth Part of the Questionnaire FINAiNgS .........ccccoocenvreniniiieniennn, 40

4.1 Hypothesis TeSt RESUILS........cceiiiiiiiieeie e 40
411 Hp RESUIS ... 40
4.1.2 Hy RESUIS ... 41
O R o N = oY UL TR 42



O W = oV | | £ 45

O N P R G £ 46
O SN P R GV 46
O A o N = oV | | £ 47
O R I P R GV £ 49
L R I P R GV E 52
4.1.00 Hig RESUIS ...ttt 53
A.1.01 Hipg RESUITS ..ot o4
O I 2 B (=TS U] £ 57
O I G DT (=TT U] | £ 58
O I B = (=TS U] | £ 60
4.2 Regression EQUALTONS.........coiiiiiiriiiieieieie ettt 61
4.2.1 Binary LOgiStiC REGIESSION Y1 ...iiiiieieierieiie st 62
4.2.2 Binary LOgiStiC REGIESSION Yo ....ciiiieieieiiesie st 63
4.2.3 Multinomial LOgiStiC REGreSSION Y3.....ccevviririiriiiiiieieienie e, 65
4.2.4 Multinomial LOgiStiC REGIeSSION Ya..c..coveiiiiriiiiiiiiieeie e, 67
4.2.5 Multinomial LOgiStiC REGIeSSION Ys.....ccevveririiriiiieieieiesie s 70
4.2.6 Binary LogiStiC REGIESSION Y. ...cviieieieriinie st 71
4.2.7 Binary LOgiStiC REGIESSION Y7....ccviieieieriesie st 73
4.2.8 Binary LOgiStiC REGIESSION Yg.....cviieieiirienie et 75
4.2.9 Binary LogistiC REGIESSION Yg.....couiieieiirienie it 76
4.2.10 Binary LOQIStiC REGIESSION Y10 ..vevuveieieiiiieniiniesiiseeie et 76
4.2.11 Binary LOQIStiC REQIeSSION Y11 wivcveiiieiiieiieesiieiieestiesieesiee e siee e 78
4.2.12 Binary LOQIStiC REQIeSSION Y12 wiccvveiiieiiieiieeieecieesiie e siee e 79
4.2.13 Binary LOQIiStiC REQIeSSION Y13 wiccveiiiiiiieiiieieesieesiee e st sieesiee e e 80

Xi



4.2.14 Binary LogistiC REGIESSION Y14 «overeereriiiieiiieiesiee et 80

4.2.15 Binary LOQIStiC REGIESSION Y15 ...ccuveieiiiinieniiriesiiseee e 81
4.2.16 Binary LogistiC REGIESSION Y16 «overreereeiiiieiiieiesieesieenie e siee e 82
4.2.17 Binary LogistiC REGIeSSION Y17 .oouvieeiieieiieiiieie st siee e 83
4.2.18 Binary LogistiC REGIESSION Y18 .ouvereerieeiiiieiiieiesieesieesieses e ssee e 84
4.2.19 Binary LogistiC REGIeSSION Y19 .oveveerieiiiieiiieiesieesieesie e siee e 84
4.2.20 Binary LogistiC REGIeSSION Y20 couvevveerieeiiiieiiieiesieesieesiesessiee e snee e 85

4.3 REBA OUICOMES......oouiiiiiiiiiiieieeie et 85

5 DISCUSSION ...ttt sttt nes 97
5.1 Limitation Of this STUAY ........ccooviiiiiiiiie e 99
5.2 FUTUIE WOTK ...t 100

6 CONCLUSION ...ttt nee e 101
REFERENGES ...ttt 107
APPENDICES ...ttt 123
Appendix A: Updated Version of NMQ .......cccooiiiiiiiiiiiie e 124
Appendix B: Sample of NIOSH Symptoms SUIVeY .........cccccoveviiineninneiciee, 127
Appendix C: Sample 0f DMDQ ......oooviiiiiiiiiiiineieeeee s 130
Appendix D: Sample Form of CMDQ.........coooiiiiiiiiieieieie e 146
Appendix E: Sample Sheet of Body Part Discomfort Map ...........ccccceevvvvienennn. 147
Appendix F: Sample Worksheet of RULA, REBA and WERA..........c.ccooeivnnne. 148

xii



LIST OF TABLES

Table 1: Questions related to each hypothesiS.........cccveveiiiiieie i 26
Table 2: Observational and experimental study designs and their properties............ 28
Table 3: Dependent variables and related questions for regression............cccccceeveuen. 30
Table 4: Hypotheses related variables and minimum required sample size .............. 33
Table 5: Findings related to first part of the questionnaire..............ccooceevevieeiciinnnnn. 34
Table 6: Findings related to second part of the questionnaire ............cccoccovcvevviienen. 35
Table 7: Seat COMTOIT FESUILS ........ooiieiicie e 36
Table 8: Spare time transportation SYSEM .........ccovvieiierierieere e 36
Table 9: Approximate hours drove by drivers in a Week...........ccccvvveveiieiieeiinsiennn, 36
Table 10: Lower back SpecifiC reSUILS..........ccooeiiiiiiiiiiceeec e 39
Table 11: Demographical outcomes (NUMETIC).........coocvririeiieieiese e 40
Table 12: Demographical outcomes (NomMinal)..........cccooviiiiiienenieeee 41
Table 13: Cross tab table fOr Hy..ooovveeeeceeee e 41
Table 14: cross tab table fOr Ha.......ocveoiiiiiieece e 42
Table 15: Cross tab table fOr Ha....oooveoveieceeece e 43
Table 16: Cross tab table fOr Hy....ooveeveeeiee e 45
Table 17: Cross tab table fOr He.....oooveoveieiieececece e 47
Table 18: Cross tab table fOr Hy.....ooveeeeeeeece e 48
Table 19: Descriptive table fOr Hg .........ccoiieiiiieiiecee e 49
Table 20: LeVEN teSE FOr Hag....vovviieieee e 49
Table 21: Results of Welch and Brown-Forsythe tests for Hg...........ccocoovviiinienne. 50
Table 22: LSD test for mean difference.........ccooevveviiii i 50
Table 23: Classification of significant levels for age categories ..........cc.ccoovvvvrivenne. 51

Xiii



Table 24:

Table 25:

Table 26:

Table 27:

Table 28:

Table 29:

Table 30:

Table 31:

Table 32:

Table 33:

Table 34:

Table 35:

Table 36:

Table 37:

Table 38:

Table 39:

Table 40:

Table 41:

Table 42:

Table 43:

Table 44:

Table 45:

Table 46:

Table 47:

Table 48:

(1 (oI -1 I (0] g [T 52
Descriptive table for Hig....ooooviieiiecece e 53
LeVENE tESt FOr Hig..oiioviiiii it 53
Results of ANOVA LeStS FOr Hg.....oovvvveiiiiiiii e 53
Descriptive table TOr Hip .o 55
LEVEN TEST FOr Higuuiiiiieiiii i 55
Results of Welch and Brown-Forsythe tests for Hig ....coocovevvieiiiiciinnen, 55
Fisher LSD test for mean difference (Hi).....ocooovevveieiencieiiscice e 56
Classification of levels for exposure categories (Fisher LSD method) .... 56
Tuckey's test for mean difference (H11) ......ccooviiiiiiiencienineseeeeee, 56
Classification of levels for exposure categories (Tuckey’s method)......... 56
(01 (oI -1 I (0] SRR 58
(01 (oI -1 I (0] g T TR 59
(1 (oI -1 I (0] o 7R 60
Description of predictors related t0 Y1 ......cooovrvviiieiiieie e 62
ClasSification tabIe...........coiiieieee e 62
Results of binary logistic regression for Y1 .....cccovevivereiiieieeiesiene e 63
Description of variables in equation 4.1 ..o 64
Description of predictors related t0 Yo...ocooovevvvieiieeiiie e 64
ClasSification tabIe...........covviieieee e 64
Results of binary logistic regression for Yo......ccooevceieiieineiesiese e 65
Description of variables in equation 4.2 ... 65
Description of predictors related t0 Y3....occoocvevveiiieiieiieccie e 66
Y3z results for the comparison of “No” with “In both sides”..............c........ 66
Y3 results for the comparison of “In left side” with “In both sides” .......... 66

Xiv



Table 49: Y3 results for the comparison of “In right side” with “In both sides”........ 67
Table 50: Description of variables in equations 4.3, 4.4 and 4.5..........cc.ccoovvvviennn. 68
Table 51: Description of predictors related t0 Ya....cooeveveeiiiiieie i 68
Table 52: Y, results for the comparison of “No” with “In both sides”.............c.cueu... 68
Table 53: Y4 results for the comparison of “In left side” with “In both sides™ .......... 69
Table 54: Y, results for the comparison of “In right side” with “In both sides” ........ 69
Table 55:Description of variables in equations 4.3, 4.4 and 4.5.........ccccccovvveviinnnn. 70
Table 56:Description of predictors related t0 Yo....ccocveveieeneeie s 70
Table 57:Ys results for the comparison of “No” with “In both sides”............cccouenee. 70
Table 58:Ys results for the comparison of “In left side” with “In both sides” ........... 70
Table 59:Ys results for the comparison of “In right side” with “In both sides” ......... 71
Table 60: Description of predictors related t0 Ye...ocoovvviieerieeieiie e 72
Table 61: Classification table...........cooveiiiiii 72
Table 62: Results of binary logistic regression for Ye......ccoeverenenieniiniininsieeens 73
Table 63: Description of predictors related t0 Y7...ccooovevvvieiieeieie e 73
Table 64: Classification table...........coovieiieii s 73
Table 65: Results of binary logistic regression for Y7......ccoevereniienineniniicees 74
Table 66: Classification table...........ccov oo 74
Table 67: Results of binary logistic regression for Y7 without Part4b...................... 74
Table 68: Classification table...........coov oo 75
Table 69: Results of binary logistic regression for Yg......ccoevereneieninieninsieenes 75
Table 70: Description of predictors related t0 Yo....oooovovvvieeieeie i 76
Table 71: Classification table............cooooiiii s 76
Table 72: Results of binary logistic regression for Yg.......ccccooveviiiiiiiieiieeiie e, 76
Table 73: Description of predictors related t0 Yip.....ccocvvvveiieiiieiie i 76

XV



Table 74:

Table 75:

Table 76:

Table 77:

Table 78:

Table 79:

Table 80:

Table 81:

Table 82:

Table 83:

Table 84:

Table 85:

Table 86:

Table 87:

Table 88:

Table 89:

Table 90:

Table 91:

Table 92:

Table 93:

Table 94:

Table 95:

Table 96:

Table 97:

Table 98:

ClasSIfICation taDIe..........ccouiiieeie s 77
Results of binary logistic regression fOr Y10.....cccuoeieereiierieniesienesie s 77
Description of predictors related t0 Y11 .ocooovevvieiieieie e 78
ClasSIfiCation tabIe..........ccoviiieiiee s 78
Results of binary logistic regression fOr Y11 ..ccccueieeieiienesienieneeie s 78
Description of predictors related t0 Yio...coooovvieiieiiiin e 79
ClasSIfiCation taDIE..........ccovi i s 79
Results of binary logistic regression for Yi2....occuveievieiieiienienienesie s 79
Description of predictors related t0 Yiz...cooovviierieiinie e 80
ClasSifiCation tabIe...........covviieiiee e 80
Results of binary logistic regression fOr Y13....ocuveivereiieeiiesiesienesinenenn 80
Description of predictors related t0 Yig..ocooovevviierieeieiin e 80
ClasSifiCation tabIe...........covviieciee s 81
Results of binary logistic regression fOr Y 14....occuveivereiieiieniesiene e 81
Description of predictors related t0 Yis...coooveoviieerieieiie e 81
ClasSification tabIe...........coiiieieee e 81
Results of binary logistic regression for Y15 .....cccveviveieiiieiiesiesieneeienens 81
Description of predictors related t0 Yig...coooevvvverieeirniieieece e 82
ClasSification tabIe...........covviieieee s 82
Results of binary logistic regression fOr Yi6.....cccuvevivereiieeriesieseeneainneenn 82
Description of predictors related t0 Yi7...cooovevviieiiveinie e 83
ClasSification tabIe...........ccuviieiiee e s 83
Results of binary logistic regression for Y 17.....cccoveiveiiiieiiesiie i 83
ClasSIfICation tabIe..........ccoviiieiee s 84
Results of binary logistic regression for Y 17....cccvveieiiieeiie s sie e 84

XVi



Table 99: Description of predictors related to Ysg..........
Table 100: Classification table.............cccccoeevveiinevinenen.

Table 101: Results of binary logistic regression for Yo

XVii



LIST OF FIGURES

Figure 1: Main prevalence chart of the Study .........c.ccceviiie i 37
Figure 2: Bar chart of Hz (COUNT) .......ooiiieiiiie e 44
Figure 3: Bar chart of Hz (PEIrCENTAJE).....c.eiveiveeiieieieee e 44
Figure 4: Bar chart of Ha (PErcentage)........ccoeeereriiiniiieieeese e 46
Figure 5: Bar chart of Hy (PErCentage).......cccoveeririiininiiieeese e 48
Figure 6: Prevalence of musculoskeletal discomfort by the increase of age.............. 51
Figure 7: Bar chart of Hg (PErCeNntage).......ccooeiveririirinieiiieieese e 52
FIQUIE 8: P-PlOt OF Hig eoiveeieiie e 54
FIQUIE 9 P-Plot FOr Hig voveeieiie e 57
Figure 10: Bar Chart Of Hg......cooveeiiecieie e 59
Figure 11: Bar Chart Of Hig .oooeiveeiiececie e e 60
Figure 12: Bar Chart Of Hig oo e 61
Figure 13:The most awkward position 0DServed ..., 86
Figure 14:The most awkward position observed (improvement) .............ccccceevevennee. 88
Figure 15: The heavy Weight POSTUIE........cc.oiiiiiiiii e, 90
Figure 16: The heavy weight posture (IMProved) .........cccceoeiereneneneneneieeeee 91
Figure 17: The most CONStant POSITION .........cceieiiiiriniseeeee e 93
Figure 18: The most constant position (IMpProved)...........cccceovreneienieninenieeee, 95
Figure 19: Prevalence of low back discomfort by Studies ............ccocoocvniniviiiieninnen, 99

Xviii



ANOVA
BMI
CMDQ
DMDQ
LBP
MSD
NIOSH
NMQ
OWAS
REBA
RULA
WBV
WERA

WRMSD

LIST OF ABBREVIATIONS

Analysis of Variances

Body Mass Index

Cornell Musculoskeletal Discomfort Questionnaire
Dutch Musculoskeletal Discomfort Questionnaire
Lower Back Pain

Musculoskeletal Disorder

National Institution of Safety and Health

Nordic Musculoskeletal Questionnaire

Ovako Working posture Analysis System

Rapid Entire Body Assessment

Rapid Upper Limb Assessment

Whole Body Vibration

Work Ergonomic Risk Assessment

Work-Related Musculoskeletal Disorders

XiX



Chapter 1

INTRODUCTION

1.1 Background Study

Musculoskeletal disorders (MSDs) are “injuries or disorders of the muscles, nerves,
tendons, joints, cartilage, an disorders of the nerves, tendons, muscles and supporting
structures of the upper and lower limbs, neck, and lower back that are caused,
precipitated or exacerbated by sudden exertion or prolonged exposure to physical
factors such as repetition, force, vibration, or awkward posture” ("NIOSH," 2015).
MSD is one of the most common health problems among individuals in different
occupations (Millennium, 2003). In many developed countries, disorder of
musculoskeletal is the largest illness reported by different occupational individuals
(Punnett and Wegman, 2004). MSDs in different body regions have association with
different job tasks. For instant, those who work in ware houses are more likely to
suffering from the Low Back Pain (LBP). LBP are commonly related with lifting
heavy weights frequently and continuous exposure to Whole Body Vibration (WBV)

as well (Waters et al., 1993).

The correlation between WBYV and occupational MSDs has been observed among
drivers (Seidel and Heide, 1986). Other than WBYV, Palmer et al. (2001) have
concluded that vibrations which are transmitted from the hands are associated with

neck and shoulders disorders. Nonetheless, primary work-related injuries are the



logical predictor for MSDs because of the relation between chronic events and

severity of the pain (Alexopoulos et al., 2006).

According to Rahman 2013, occupational driving is mostly associated with neck and
LBP and truck drivers are often exposed to this trouble. High musculoskeletal
discomforts are related to high driving millage (Gyi and Porter, 1998; Porter and
Gyi, 2002). In addition, awkward positioning among truck drivers are connected with

neck and trunk pain (Massaccesi et al., 2003).

“Work-Related Musculoskeletal Disorders (WRMSDs) are a group of painful
disorders of muscles, tendons, and nerves” (OSHA, 2014). Since occupational
driving contains continual repetition of movements, fixed or constrained body
positions and force concentrated on small parts of the body, MSDs related to this job
are categorized as WRMSDs (OSHA, 2014). Occupational driving MSD is one of
the concerns of public health in developing and developed countries where millions
of truck drivers suffering from spinal, upper and lower back severe pains. These
countries are trying to understand related problems and factors in the past decades

(Rahman, 2013).
1.2 Significance of Study

Among developing countries there are not enough researches, conducted about work-
related MSD and particularly in Middle East region. Especially in Iran, there are not
adequate resources on WRMSD; which states that there is a quite large gap in the
literature to be filled. Cross sectional study is an appropriate tool for these scenarios;
however, they are only suitable for investigating the different factors on

musculoskeletal troubles. This study is conducted to gather relevant information



about the work-related musculoskeletal discomfort and find the relation of several
demographic and occupational factors with it. Eventually, this research creates an
opportunity for more advanced investigations about the effect of factors which are
associated with MSDs and find appropriate solutions for different ergonomic

implementation tools.
1.3 Aims and Objectives

An updated version of Nordic Musculoskeletal Questionnaire (NMQ) is retrieved
from the study of Robb and Mansfield (2007) and used for interviewing with the
truck drivers of Iran. This research aims to investigate the association of
musculoskeletal discomfort of different body parts with psychosocial and
physiological factors. The case study of this thesis is the occupational truck drivers

whom located in Iran.
1.4 Hypotheses

11 hypotheses are claimed based on the previous researches which are mentioned in
the literature. Additionally, 3 more hypotheses are added to the previous ones in
order to provide a better coverage on the questionnaire results. The 14 hypotheses are

as follows:

Hi: there is an association between smoking status and discomfort of low back area

which has been reported during the last 12 months among truck drivers.

H,: there is an association between weekly hours of exposure to vibration and
discomfort of low back area which has been reported during the last 12 months

among truck drivers.



Hs: there is an association between weekly hours of exposure to vibration and
discomfort of neck area which has been reported during the last 12 months among

drivers.

H,: there is an association between weekly hours of driving and discomfort of

shoulders area which has been reported during the last 12 months among drivers.

Hs: Most of the drivers experience Low back discomfort during the last 12 months.

He: there is an association between night shift and Body Mass Index (BMI).

H-: there is an association between BMI and discomfort of low back area which has

been reported during the last 12 months among drivers.

Hg: there is an association between age of the drivers and number of musculoskeletal

discomfort which has been reported by each driver during the last 12 months.

Ho: There is a significant association between the intensity of the low back
discomfort during the worst episode and hours that truck drivers are being prevented

from work.

Hio: there is a significant relation between drivers who experience accident and the
number of body part they have experienced musculoskeletal discomfort during last

12 months.



Hi:: weekly hours of exposure to vibration is significantly associated with the
number of body part which truck drivers have experienced musculoskeletal

discomfort during last 12 months.

Hio: There is a significant association between seat comfort and discomfort of neck

area which has been reported during the last 12 months among drivers.

His: There is a significant association between seat comfort and discomfort of

shoulders area which has been reported during the last 12 months among drivers.

Hi4: There is a significant association between seats with easy to adjusted lumber
support and discomfort of low back area which has been reported during the last 12

months among truck drivers.
1.5 Research Methodology

The method for each hypothesis is chosen based on the dependent and independent
variables of it. Chi-square test of independence, proportion binomial test and
Analysis of Variances (one way ANOVA) are the test methods implemented on 14
hypotheses. In addition to 14 hypotheses, Pearson correlation, binary and
multinomial logistic regressions are utilized in order to fully investigate different
relations between questions of the questionnaire. Eventually, three positions are
selected and assessed by Rapid Entire Body Assessment (REBA) method. These
three postures were selected based on most awkward, heaviest weight lifting and
most constant positions that drivers use to do different job tasks. And then after,

these three postures are optimized in order to reduce the REBA score.



1.6 Structure of the Thesis

This study is organized in six chapters. Chapter 1 contains Background study,
Significant of study, Aims and objectives, Hypotheses, Research methodology and
structure of the thesis. Chapter 2 discuss about the studies which are already applied
related to the field of this research. Chapter 3 explains the methods which have been
used in this study. Chapter 4 includes the statistical results of the methods which are
used in this study; and moreover, illustrates solutions with regards to different
postures of the drivers. Chapter 5 demonstrates the comparison of the results with
previous research. Additionally, the limitations of the research as well as suggestions
for future studies are mentioned there. Finally in chapter 6, the point of view

achieved by this research is explained.



Chapter 2

LITERATURE REVIEW

2.1 Physiological Factors and their Association with MSD

MSDs contain variety of medical conditions, which can cause some effect on bones,
blood vessels, joints, tissue and even nerve cells (Punnett and Wegman, 2004).
Some of the researches indicate that MSDs and LBP can be the result of a mixture of
physical, mechanical and psychosocial factors (Bener and Galadari, 1998). In minor
cases MSDs can damage soft tissues, ligaments, bones and tendons but in major
cases this symptoms could result long term diseases like spinal degeneration, sciatica
and also tumors in rare episodes (Bovenzi and Hulshof, 1998). Wikstrom et al.
(1994) have found that LBP has effect on digestive, reproductive, vestibular, visual
acuity system, abdominal pain, prostatitis and hemorrhoid as well. Evidence of
MSDs can be found as result of discomfort following chores, intense pain, adjust to
an awkward positioning or extreme physical action to which person is uninformed

resulting sprain, strain or other biomechanical conditions (Smedley et al., 2013).

Sadeghi et al. (2012) studied the association between MSDs and individual
specifications such as weight and height has been studied. Leboeuf-Yde (2000)
investigated the association of body weight with LBP and they found a statistically
significant association between body weight and LBP. Other studies in the literature
also show a relation between obesity and higher prevalence of MSDs (Brage and

Bjerkedal, 1996; Han et al., 1997; Heir and Eide, 1996; Leino-Arjas et al., 1998;
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Linton, 1990; Raanaas and Anderson, 2008; Skov et al., 1996). Usually in other
occupations the BMI is more likely lower than occupational drivers. A significantly
higher BMI was reported by Hedberg et al. (1993) among truck drivers than other
occupations. Raanaas and Anderson (2008) studied MSDs among Norwegian Taxi
driver; the mean BMI with the sample size of 823 individuals was equal to 26.8
which 59.5 percentages has experienced LBP. They claim that drivers, who had BMI
range between 20 to 28.99, had 57.5 percentage prevalence of MSDs. Above this

range 63.6 percent of prevalence MSDs has been collected.

Researches show also the association of age and MSDs (Kilbom et al., 1996). By
increasing of age up to 55-59 the risk for most of the musculoskeletal disorder would
raise (Kilbom et al., 1996). As a result, the elder group of drivers is reducing due to
their heavy physical job. Relatively, age factor in WRMSD were investigated by
Gangopadhyay et al. (2012) on bus conductors. Their findings showed that the age
and experience are critical factors related to MSDs. In their study, Okunribido et al.
(2006) illustrated that younger groups or those with fewer years of experience

reported less MSDs than those who were experienced and older.

Many researches have accomplished this view which argue a high prevalence of
extreme and lifelong pain associated with lower back and lumbar part of driver’s
body (Bovenzi and Zadini, 1992). Chen et al. (2005) demonstrated that, 51 percent
of Taiwanese drivers reported discomfort in low back area. Johansson et al. (2012)
found an increasing blood pressure rate among heavy truck drivers in contrast to the
amount of work hours and also against WRMSD. Moreover, Robb and Mansfield

(2007) studied the prevalence of LBP on truck drivers.



One of the biggest issues about WRMSD is that the individuals adjust their posture
in order to temporarily avoid the intense pain of their body and negatively this
posture would damage other parts of their body. Therefore, interventions in work
places are important even for a short time due to manage their condition. Although it
cannot be apply for drivers unless it is based on medical engagement. Especially the
ones that medical sessions could not be successful after four weeks (Smedley et al.,

2013).
2.2 Psychosocial Factors and their Association with MSD

Besides all the physiological factors, other risk factors such as mileage of driving,
working hours, awkward posture , WBV originating from the vehicle and even
individual medical condition exist that have been considered in different studies
(Massaccesi et al., 2003; Robb and Mansfield, 2007; Sakakibara et al., 2006; Sang
et al., 2010). Variety of symptoms in their nature and absence of a single causative
factor makes them challengeable to diagnose by clinical professionals. Smedley et al.
(2013) claimed that, only less than ten percent of the musculoskeletal disorders can

be identified of a certain cause or can be related to a primary event.

Many studies have shown the consistency of the association of LBP and WRMSD
with smoking. But it is too far from being the only factor (Ernst 1993; Kilbom et al.
1996). Many other researchers have argued about the smoking habits and its effect
on accelerating degeneration at lumbar spine due to reduction of nicotine in blood
flow. Previous studies (Bongers et al. 1990; Boshuizen et al. 1990; Bovenzi and
Betta 1994; Sang et al. 2010) provided that there is strong association between LBP

and prolong sitting posture, heavy lifting and smoking. The other danger is the



exposure to chemical and biological hazards like environmental pollutants (Burgaz et

al., 2002).

In a study for sleeping habits of truck drivers, it has been concluded that obesity has
an association with short duration sleeps or napping because of the uncertainty of
their work shifts (Moreno et al., 2006). Additionally Jack et al. (1998) and Moreno
et al. (2006) have demonstrated that having a poor diet and sedentary activities are
the other reasons for the higher BMI. Sleeping in vehicles can cause sciatica,
whiplash neck injuries and spinal degeneration. Also it can increase the risk of
rheumatism and osteoarthritis (Bovenzi and Zadini, 1992; Helidvaara, 1987;

Raanaas and Anderson, 2008).

There is a complex phenomenon to the response of human body to vibration. Many
researches have been applied for analyzing the effect of vibration on the human body
and they demonstrated the diversity of it (Damkot et al., 1984; Frymoyer et al., 1983;
Hulshof and van Zanten, 1987; Kjellberg et al., 1994; Sandover, 1988; Seidel and
Heide, 1986). Perception, health and comfort are the three categories of human
response to WBV. WBY can affect the musculoskeletal health by biomechanical and
physiological responses from exposure (Wikstrom, 1994). Vibration of a vehicle
transfer to drivers body as a force by the vehicle seat and shakes the whole body. It is
also named as ‘seated WBV (Rehn, 2004). WBV can also transfer to the body in
standing and lying posture but, it is not the case in this particular study. The
association between exposure to WBV and LBP has been concluded in several
studies (Bernard and Putz-Anderson, 1997; Bovenzi and Hulshof, 1998; Lings and
Leboeuf-Yde, 2000; Mirzaei and Mohammadi, 2010). Yet there has not found any

relation between the LBP and the dose of the exposure. Consequently the exposure to
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WBYV is the general assessment for LBP in different occupations. Previous
researches did not conclude an association between WBV and discomfort in neck
and shoulder symptoms (Bernard and Putz-Anderson, 1997; Bovenzi and Hulshof,
1998; Wikstrom et al., 1994). On the other hand vibration has some benefits as well
which has been utilized and studied by different groups of therapists (Keller et al.,
2000). Most importantly these benefits have been used for increasing the muscular
strength in lower limbs or lower back (Bosco et al., 1999; Bosco et al., 1998;
Issurin et al., 1994; Issurin and Tenenbaum, 1999). By these aspects, not all types of
vibration can be expressed as a harmful index. However, it is critical to determine the
components of detrimental vibration and it can be established by comparison of the
outcome data, accurate description and variables of the vibration such as direction,
magnitude, frequency and duration of it. Lots of studies show a clear association of
MSDs and LBP with a number of variable factors such as WBV, which is the main
cause for spine degeneration and herniated disc as well as lumber and ligament
discomfort (Bovenzi and Zadini, 1992; Chen et al., 2005; Damkot et al., 1984;

Kelsey and Hardy, 1975; Krause et al., 2001; Sadri, 2002; Tiemessen et al., 2008).

In most epidemiological researches, WBYV in vertical direction is more likely to be
the cause of WRMSD than the horizontal. Another study by Magnusson et al. (1996)
reported a more dramatic result as they claimed that 81% of bus drivers had LBP

because of the WBV and heavy lifting.

Lots of studies show a clear association of MSDs and LBP with a number of variable
factors such as WBV, which is the main cause for spine degeneration and herniated
disc as well as lumber and ligament discomfort (Bovenzi and Zadini, 1992; Chen et

al., 2005; Damkot et al., 1984; Kelsey and Hardy, 1975; Krause et al., 2001;
11



Sadri, 2002; Tiemessen et al., 2008). Activities like lifting weights show a higher
prevalence of Work related MSDs and specially on low back region than those

drivers who do not handle these items (Poitras et al., 2008).
2.3 Psychological Factors and their Association with MSD

Leino and Magni (1993) studied the association of depressive symptoms would cause
the future musculoskeletal disorders; however, they showed that having a
musculoskeletal disorder is not a predictor for future depression. Moreover, Magni et
al. (1994) concluded that, the depression can be strongly be effected by chronic
musculoskeletal pain. They also found other factors such as low education, being
unemployed, living in areas which the population exceed 250000 people and even

gender, are powerful predictors for depression.

Patten et al. (2006) found a strong association between arthritis or rheumatism and

prevalence of mood, anxiety and substance use disorders.

Related to work-related prevalence of psychological factors, study of da Silva-Junior
et al. (2009) demonstrated 13.6 % prevalence of depression among truck drivers.
They also found that being older than 45 years among drivers, can increase the risk
of depression. Followed by age factor low educational status, wage-earning, self-
employment and use of stimulants are strong predictors of depression. A study in
Hong Kong by Wong et al. (2007) showed the prevalence of psychological factors
among cross board and long distance truck drivers. The findings demonstrate 14.5%
prevalence of depression, 25.9% anxiousness and 24.1% of sexual dysfunction.

These prevalences were strongly associated with smoking and drinking habits. In this
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study, those who reported they have admitted risky sexual experiences, where more

likely to be in the risk of depression.
2.4 Surveys Used for Musculoskeletal Discomfort Assessment

In order to select the applicable survey related to this study, the following sub-
chapters discussed the reliability, validity, properties and objective of different
surveys from the literature.

2.4.1 The National Institute for Occupational Safety and Health (NIOSH)
Symptoms Survey Versus NMQ

The objective of NMQ is to be a simple standardize questionnaire which can be use
like a screening method to evaluate MSD in ergonomic fields and epidemiologic
studies. In the same way, NIOSH symptoms survey has a similar body description;
however, for determining the severity of the discomfort, series of questionnaire has
been added to the method which turns it to a qualify survey by using duration,
frequency and intensity of the discomfort. The examination of these two surveys for
reliability and validity has been done by Baron et al. (1996). This study discussed the
NIOSH symptoms survey in comparison to NMQ. They assessed the reliability and
validity of the mentioned surveys by test-retest methods. Consequently, both
methods were accepted in case of reliability and validity. Appendix B illustrate a
sample form of NIOSH symptoms survey (Cohen, 1997).

2.4.2 Dutch Musculoskeletal Discomfort Questionnaire (DMDQ)

This is a very powerful survey to investigate the relation of musculoskeletal
discomfort with physical, psychosocial and psychological factors. Beginning with the
general question about the participant, this survey contains two pages of health
related, one page related to leisure-time and six pages of work-related factors which

can effect or be affected by MSDs. After evaluating the factors associated with MSD,
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two special parts for low-back and neck and shoulder are demonstrated by this
survey. Finally, in tow last pages are assigned for the personal opinion of individuals

(Ergonomics, 2001).

Related to this questionnaire, Hildebrandt et al. (2001) focused on the description
and basic qualities of DMDQ. They applied this method on 1575 workers in different
studies. This survey contains 63 questions about musculoskeletal workload and their
association with hazardous working conditions. These psychosocial factors can be
categorize in to seven subcategories (Dynamic and static loads, climate factors,
force, vibration, repetitive loads and ergonomic environmental factors) (Hildebrandt
et al.,, 2001). According to their data bases, homogeneity of these factors is
acceptable. The validity of this survey is faire compared to psychosocial working
condition. Subsequently, Hildebrandt et al. (2001) have concluded that, this
questionnaire can be applied as a quick and simple inventory for work-related health
services in order to select the group of workers which more ergonomic analyses are
required. Appendix C shows the sample of DMDQ (Ergonomics, 2001).

2.4.3 Cornell Musculoskeletal Discomfort Questionnaire (CMDQ)

The same as other this survey is to investigate the prevalence of musculoskeletal
discomfort. It is a simple survey which includes male and female body respectively.
It focuses on the frequency, severity of the discomfort and whether it is preventing
the participants in their occupation or not. All three factors are including a scale for

makes the outcome data to be qualitative (Erdinc et al., 2011; Jansen et al., 2012).

This survey also is very applicable in cases where the case study participants are not

native English speakers; because, it has been translated to different languages and
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related to the translation reliability and validity of the translated version has been

considered (Afifehzadeh et al., 2011; Erdinc et al., 2011; Kreuzfeld et al.).

Separated from the reliability and validity of the translated versions, Bilberg et al.
(2014) have test the reliability of this questionnaire in English language using test-
retest method. They concluded that, with Cronbach’s alpha of 0.94 for all the

questions, there is a high internal consistency and therefore it is reliable.

In appendix D a sample form of CMDQ for male and female human anatomy has
been demonstrated (Erdinc et al., 2011; Jansen et al., 2012).

2.4.4 Body Part Discomfort Map

Last but not least, body discomfort map is a survey to evaluate the musculoskeletal
discomfort in the situation when the driver is sitting in the car seat. This method is
mostly about the work-station of the drivers. Subsequently, it is a simple survey to
evaluate the prevalence of musculoskeletal discomfort among drivers (Ergonomics).

Appendix E shows a sample sheet of the mentioned survey (Ergonomics).
2.5 Posture Analyzing

Several methods are illustrated in order to analyze different body positions in
different work stations. Among these surveys, Rapid Upper Limb Assessment
(RULA), REBA and Work Ergonomic Risk Assessment (WERA) are described in
the following sections.

2.5.1 RULA

This method is mostly focuses on the upper body positions in different tasks. It is a
single page work-sheet which analyzes the most uncomfortable, the most constant or

the highest force of workload positions for the individuals. It can be selected whether
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by the participant description of the positions or by the evaluator after interviewing
and observation of different postures. This method divides the human body into two
sections (left and right side) covering arm, wrists (section A), Neck, Trunk an legs
(section B). Section B investigates, whether neck, legs and trunk influence the
posture of arms and wrists or not. Subsequently, using three tables of the work sheet,
a score can be specified for each position and this score illustrates the importance of
implementing changes to the position. This final score started from 1 and as it
increases, the risk and the importance of applying change to the position increase as
well (Middlesworth, 1993). Appendix F shows a sample worksheet of RULA.

2.5.2 REBA

Analyzing the posture of activities has lots of benefits in order to avoid risks of
MSDs (Hignett and McAtamney, 2000). Mostly postural analysis have two
paradoxical indexes named as sensitivity and qualities of generality (Fransson-Hall et
al., 1995). For example, Ovako Working posture Analysis System (OWAS) which
has been studied by Karhu et al. (1977), reveals a wide range of use however, the
outcomes are detailed and small (Hignett, 1994). In other way NIOSH technique
needs specific information about detailed parameters of the posture which the
outcome would be sensitive, concerning the identified indices. However, it has
limited application for health care respecting animate load handling (Waters et al.,
1993). These requirements developed the REBA as a postural analysis tool (Hignett

and McAtamney, 2000; McAtamney and Hignett, 1995).

The same as RULA, this method has the same path to result a final score for

investigating that how important the implication is for each posture; however, this
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method analyzes the entire bodies for the final score (Stanton et al., 2004). Appendix
F shows a sample of REBA worksheet (Middlesworth, 2000).

2.5.3 WERA

It is a simple method to investigate risk factors in a work place. These risk factors are
posture, forceful, repetition, contact stress, vibration and task duration. The survey
focus on five body parts (leg, back, neck, shoulders and wrists). Scoring system and
related actions are prepared for this method (Ergonomics). Reliability and validity of
this survey has been tested and accepted (Rahman et al., 2012; Rahman et al., 2011).

Appendix F is a sample worksheet of WERA (Ergonomics).
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Chapter 3

METHODOLOGY

3.1 Questionnaire

In order to determine prevalence of the musculoskeletal discomfort among heavy
truck drivers, this study is based on designing similar questionnaire to Robb and
Mansfield (2007). They used an updated version of the standard NMQ (Dickinson et
al., 1992; Kuorinka et al., 1987). Also, in order to determine vibration exposure
impact on musculoskeletal discomfort, their study was evaluated by questionnaire
similar to those from a larger medical research council study (Palmer et al., 1999).

Appendix A shows a sample of this (Robb and Mansfield, 2007).

The first part of the questionnaire was designed in order to give a current
employment history of each participant including night shift work and heavy lifting.
Second part of the questionnaire is used to examining source of the vibration
exposure and ergonomic factors. Third part has been included in order to measure
how much the drivers were exposed to WBYV and it also has been evaluated for the
sources different than their occupation. Fourth part comprised general and low back-
specific section of the Nordic musculoskeletal questionnaire. Subsequently the fifth

section considers the personal details of each participant.
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3.2 Sample Sizing

Cross-sectional studies usually categorize as medium or low validity designs,

however a high sample size could empower such a study to have a more valid results.

In order to find the minimum required sample size based on type Il error (=0.05),
this study used two formula depending on the type of the variables from the
questionnaire. Gang (1999) divided variables into two groups, continuous and
dichotomous variables. Continuous variable, standard deviation of each variable
plays an important role to determine the amount of sample size. On the other hand,
dichotomous variables estimate the minimum sample size considering the proportion
of the outcomes. Based on the Gang (1999) following two formulas are used to

determine the minimum required sample size for this research.

For continuous variables:

ZZSZ
n=-— (3.1)
Where:

n is the minimum size of the sample;
Z is the z-statistics for the desired level of confidence;
S is the population standard deviation;

d is the half width of the desired interval;

Depending on the chosen a, Z value could differ. In this study type | error is taken as
five percent (0=0.05). Thus according to Z distribution table for 0=0.05, Z is equal to
1.96. S is the standard deviation of the population. It is good to mention that, in most
cases the standard deviation of population is unknown. So in order to estimate the
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minimum number of sample first a pilot search is run to collect data and by using the
standard deviation of the pilot search this formula can be used to determine the
required sample size. In sample, d is evaluating the precision of sample estimation.
For this study upper bound minus lower bound of the pilot confidence interval is

fixed as the maximum desire interval or d.

For dichotomous variables:

_Z’p(1-p)
ST

(3.2)

Where:

n is the minimum size of the sample;

Z is the z-statistics for the desired level of confidence;
P is the expected proportion of the variable of interest

d is the half width of the desired interval;

And g = (1-p);

In second equation instead of standard deviation of the population, the expected
proportion is required. Expected proportion is calculated from the pilot search for
dichotomous variables. Type Il error (=0.05) has been applied on d for the second
equation (Rahman, 2013). It is good to mention that, Type Il error occurs when there
is not enough evidence to reject the null-hypothesis even though it is false. This

means that the sample size is strongly related to type Il error.
3.3 Hypotheses

Each hypothesis to be tested is determined based on the literature.
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Hi: there is an association between smoking status and discomfort of low back area

which has been reported during the last 12 months among truck drivers (Ernst 1993;

Kilbom et al. 1996).

To test Hy, chi-square test of independence is appropriate. Independent variables
are smoking status (with three levels of smoker, non-smoker and ex-smoker) and
low back area discomfort during the last 12 months (with two levels of did

experience and did not experience).

H,: there is an association between weekly hours of exposure to vibration and

discomfort of low back area which has been reported during the last 12 months

among truck drivers (Bernard and Putz-Anderson, 1997; Bongers et al., 1990;

Boshuizen et al., 1990; Bovenzi and Betta, 1994; Bovenzi and Hulshof, 1998;

Lings and Leboeuf-Yde, 2000; Magnusson et al., 1996; Mirzaei and Mohammadi,

2010; Sang et al., 2010).

In order to calculate the weekly hours of exposure to vibration, the estimated
occupational weekly driving hours is added to the hours each participant drove
other source of vibration (car, van, train, bus and etc.) during the spare time. By
classifying the weekly hours of exposure into four levels as below, the weekly
exposure time is transformed to categorical data and the chi-square test of
independence for H, could be applied. The two independent variables related to
this claim are, low back area discomfort during the last 12 months (with two level
of did experience and did not experience) and hours of exposure with following
levels:

Level 1: Drivers who are not exposed to WBYV more than 8 hours of the day in a

week (Exposure time <= 56h)

21



Level 2: Drivers who are exposed to WBV more than 8 hours of the day in a
week to 12 hours a day for 7 days of the week (56h < exposure time <= 84)

Level 3: Drivers who exposed to WBYV more than 12 hours a day for 7 days of
the week to 16 hours a day for 7 hours of the week (84h < exposure time
<=112h)

Level 4: Drivers who exposed more than 16 hours a day for 7 days of the week

(Exposure time > 112h)

Hs: there is an association between weekly hours of exposure to vibration and
discomfort of neck area which has been reported during the last 12 months among
drivers (Bernard and Putz-Anderson, 1997; Bovenzi and Hulshof, 1998; Wikstrém

etal., 1994).

H,: there is an association between weekly hours of driving and discomfort of
shoulders area which has been reported during the last 12 months among drivers
(Bernard and Putz-Anderson, 1997; Bovenzi and Hulshof, 1998; Wikstrom et al.,
1994).

e The same pattern of H, can be considered for Hz and H,

Hs: Most of the drivers experience Low back discomfort during the last 12 months

(Robb and Mansfield, 2007).

e Using single proportion binomial test for Hs (Ho: proportion = 0.5) would be
appropriate where the dependent variable is the percent of participant who
experienced ache pain or any discomfort during the last 12 months in low back

area.
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He: there is an association between night shift and BMI (Moreno et al., 2006).

Dividing BMI into four subcategories would transform this variable to
categorical data. According to Nazerian et al. 2015 there are four categories
named as underweight (BMI<18), Normal-range (18<BMI<25), overweight
(25<BMI<30) and obese (BMI>30). After this division chi-square test of

independence could be consider to test He.

H-: there is an association between BMI and discomfort of low back area which has

been reported during the last 12 months among drivers (Raanaas and Anderson,

2008).

Chi square test of independence would be appropriate for H;

Hg: there is an association between age of the drivers and number of musculoskeletal

discomfort which has been reported by each driver during the last 12 months

(Gangopadhyay et al., 2012; Kilbom et al., 1996).

According to Affairs (1982) the age data is categorized by following path: less
than 25 years old, 25-35, 35-45, 45-55, 55-65, more than 65 years old. This
categorization would convert the age factor from numeric to categorical data.
Subsequently in order to test Hg, chi-square test of independent is appropriate.

The questionnaire divided the human body in to 12 region named as neck, left
shoulder, right shoulder, left elbow, right elbow, left wrist, right wrist, upper
back, lower back, hips, knees and ankles. Each driver individually is asked
whether he had any ache, pain or discomfort in any specific mentioned body
parts during the last 12 months or not. Counting the number of reported

discomfort for each participant would give a number between 0 to 12 parts. This
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number is equals to the number of body part each driver has experienced
discomfort during the last 12 months.

e To test H8, analysis of variances (one way ANOVA) is appropriate. The
independent variable (6 age subcategories as mentioned above) is categorical and
the dependent variable (number of body part they have discomfort during the last

12 month) is numerical data.

Ho: There is a significant association between the intensity of the low back

discomfort during the worst episode and hours that truck drivers are being prevented

form work (Robb and Mansfield, 2007).

e To test Hg, chi-square test of independence is appropriate. Independent variables
are intensity of LBP (in three levels of mild, severe and very severe) and

prevention time (in four level of 0, 1-7, 8-30 and more than 30 days).

Hio: there is a significant relation between drivers who experience accident and the

number of body part they have experienced musculoskeletal discomfort during last

12 months (Robb and Mansfield, 2007).

e To test Hyp, analysis of variances (one way ANOVA) is appropriate. The
independent variable (whether they had an accident or not) is categorical and the
dependent variable (number of body part they have discomfort during the last 12

month) is numerical data.

Hii: weekly hours of exposure to vibration is significantly associated with the
number of body part which truck drivers have experienced musculoskeletal
discomfort during last 12 months (Robb and Mansfield, 2007).

e The one way ANOVA is applicable for testing Hi; as well.
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The last three hypotheses are being chosen in order to have a better coverage on the

questionnaire of the study.

Hio: There is a significant association between seat comfort and discomfort of neck

area which has been reported during the last 12 months among drivers

e Seat comfort is a scale from 1 to 7 (7 is the most comfortable seat). Chi-square
test of independence is applicable on this hypothesis. The two independence
variables are seat comfort (in 7 levels) and discomfort of neck area experienced

during the last 12 months in 2 levels.

His: There is a significant association between seat comfort and discomfort of

shoulders area which has been reported during the last 12 months among drivers.

e Chi-square test of independence is applicable on this hypothesis. The two
independence variables are seat comfort (in 7 levels) and discomfort of neck area
experienced during the last 12 months (in 3 levels of neither of the shoulders,

right shoulder and left shoulder)

Hi4: There is a significant association between seats with easy to adjusted lumber

support and discomfort of low back area which has been reported during the last 12

months among truck drivers.

e Chi-square test of independence is applicable on this hypothesis. The two
independence variables are easy to adjusted lumber support (in two levels of
whether it has or not) and discomfort of low back area experienced in last 12

months (in two levels of whether the participants experienced discomfort or not).
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Table 1: Questions related to each hypothesis
Hypothesis  Related questions

H, 5f, 4a (7" row & 2™ column)

H, 3a+3e, 4a (7" row & 2™ column)

Hs 3a+3e, 4a (3" row & 2™ column)

Ha 3a+3e, 4a (7" row & 2™ column)

Hs 4a (7" row & 2™ column)

He 5¢/(5d)?, 1e(iii)

H; 5¢/(5d)?, 4a (7" row & 2" column)

Hg 5a, number of reported discomfort in second column of table 4a
Ho 4f, 4i

Hio 4c, number of reported discomfort in second column of table 4a
Hip 3a+3e, number of reported discomfort in second column of table 4a
Hi, 2e,4a(2" row & 2" column)

Has 2e,4a(3" row & 2" column)

His 2e, 4a (7" row & 2™ column)

Table 1 addresses the hypotheses to the related questions in the questionnaire in

order to track the results in a better way.
3.4 Data Analysis

This cross sectional study is applied in Iran. All the data has been collected randomly
in the customs stations in deferent states, where the heavy truck driver gathers in

distant line to loud up or off their truck and head towards other destinations.

All of the questionnaires have been field by face to face interview. The drivers were
explained that the answers they provide will be confidential, and they were not
exposed to any danger or harm upon answering these questions. Thus, their consent
was collected before interview. A brief explanation also has been prepared about the

purpose of the study and presented to each interviewee individually. Moreover, all
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the participants are informed that they have the right to cancel the process at the

beginning or during the interview.

A pilot search of 48 participants is done at the beginning of the data collection in the
first day. After that, sample size is formulas (3.1) & (3.2). Thereafter, in order to
prevent the regional effect on the study, minimum sample size of the study is
collected in four different region of the country.

3.4.1 Questionnaire Validation

According to Carlson and Morrison (2009) cross sectional studies have low validity
regarding to their vast implications. However, in cross sectional studies the purpose
is to track multiple factors for multiple effects. Therefore, this type of research is
mostly for creation of hypotheses to be tested in more valid studies in future studies.
Table 2 illustrates a comparison of different study designs and their properties

(Carlson and Morrison, 2009).

As Table 2 shows, cross-sectional studies are belong to observational study design.
Internal and external validity are the keys to determine the validation of this the

questionnaire which is used in this particular research.

As Table 2 shows, cross-sectional studies are belong to observational study design.
Internal and external validity are the keys to determine the validation of this the

questionnaire which is used in this particular research.

Internal validity stands for strength of inferences in the research. For better

understanding of this concept, whenever the internal validity of a study is low, it is

27



less accurate to conclude that the exposure of a factor causes an particular outcome.

As well, this study only investigates the association of different factors not the cause.

Table 2: Observational and Experimental study designs and their properties

Experimental Observational
. Randomized Cross-sectional Cohort Case-control

Study design Control Trail

Study population  Highly selected Diverse Diverse population  Diverse population
population; population observed inarange  observed in a range
highly controlled  observed in a of settings of settings
environment range of settings

Primary Use Demonstrating Screening Assessing Assessing
efficacy of an hypotheses; association between  associations
intervention prevalence multiple exposures between exposures

studies and outcomes over and rare outcomes
time
Internal validity ~ High Low Low Low
External validity =~ Low-moderate High High High

On the other hand external validity is the power to establish the results to a more
universal population. In other words, external validity is the measurement tool to
determine how much the conclusion of a study could be correct for other time and

places.

It is good to mention that the studies related to WRMSDs are mostly cross-sectional
or case-control type and comparing to prospective cohort studies these types of
researches has lower validity. However, these methods are well established and have
been validated in many areas including physical efforts (Borg and Kaijser, 2006),
acoustics (Kuwano and Namba, 1985) and musculoskeletal stresses (Arvidsson et al.,

2006; McGill and Brown, 2005).

28



Consequently, even though cross-sectional studies have low internal validity, they
are a good survey to generate lots of outcomes and hypotheses for future

consideration.
3.5 Regression Analysis

Regression analyses are illustrated in order to assess the association of
musculoskeletal discomfort questions and other questions of the questionnaire. The
regression model contains a dependent variable or outcome which is correlated with
other independent variables or predictors. Subsequently a model is created for each

outcome.

The dependent variables are considered as Ys. The basic purpose of using regression
method in this research is to investigate the predictor risk factors for musculoskeletal
discomfort; therefore, musculoskeletal discomforts are the dependent variables.
Table 3 shows the related questions of the questionnaire for each dependent variables
and regression model. It is good to mention that the following questions are the
paraphrased version of the questionnaire. Related questions in the questionnaire are

in part 4 a Table.

According to Table 3, not any of the variables are linear; therefore, binary logistic
regression is used for dichotomous variables and multinomial logistic regression is

used for categorical variables.

In Binary logistic regression the goal is to estimate the probability of dependent
variable to be 1 (p). This number represents the answer of “Yes” regarded to the

dependent variable or question (Y;). In order to link the linear combination of the
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predictors with the probability function of dependent variable, the natural log of odds

ratio is used to create the link. This function is represented in Formula 3.3.

Table 3: Dependent variables and related questions for regression

Variable Related question distribution
Y, Have you had discomfort in any part of your body during last12 months?  dichotomous
Y, Have you had discomfort in in neck area during last12 months? dichotomous
Y; Have you had discomfort in shoulders area during last12 months? Categorical
Y, Have you had discomfort in your elbows during last12 months? Categorical
Ys Have you had discomfort in your wrists during last12 months? Categorical
Ys Have you had discomfort in upper back area during last12 months? dichotomous
Y, Have you had discomfort in lower back area during last12 months? dichotomous
Ys Have you had discomfort in buttocks area during last12 months? dichotomous
Yy Have you had discomfort in your knees during last12 months? dichotomous
Y10 Have you had discomfort in your ankles during last12 months? dichotomous
Y11 Have you had discomfort in any part of your body during last 7 days? dichotomous
Yo Have you had discomfort in in neck area during last 7 days? dichotomous
Y13 Have you had discomfort in shoulders area during last 7 days? dichotomous
Y14 Have you had discomfort in your elbows during last 7 days? dichotomous
Yis Have you had discomfort in your wrists during last 7 days? dichotomous
Yis Have you had discomfort in upper back area during last 7 days? dichotomous
Y7 Have you had discomfort in lower back area during last 7 days? dichotomous
Yig Have you had discomfort in buttocks area during last 7 days? dichotomous
Y19 Have you had discomfort in your knees during last 7 days? dichotomous
Yoo Have you had discomfort in your ankles during last 7 days? dichotomous

e n(E)=B+Tibxi (33
o Where:

e p isthe Probabilityof Y =1

e i isthe number of predictors

e /[ Is the constant

e piis the i" predictor variable coefficient

In order to have the p in one side of the equation, following algebra calculation is

needed:

e Antilog the equation: 1%5 = e(Po+liBiXi) (3.5)
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e Both sides multiplied by (1 — p):p = eBo*LiBiX) (1 — p) (3.6)

e Distribute (1—9): p= e(BotZiBiXi) _ ﬁ_e(ﬁ0+2iﬁixi) (3.7)
e Move all the j to left side: p + p. e BotZifiXi) = oBo+LifiXi) (3.8)
e Factor p from right: p(1 + eBo*2ifiXi)) = Bo+LibiXi) (3.9)

e(BotZiBiX;)

e Final equation: p = (1+e(BorZi Ay )y

(3.10)

Predictor of the regression models are chosen by Pearson’s correlation method.
Questions which have the p-value of less than 0.05 in the Pearson’s correlation
matrix are considered as predictors. P-value of Wald test would determine whether
the predictor should or should not be in the equation. Whenever this p-value is less
than 0.05, the predictor considers as one of the variables (X;) in the right hand side of
the regression equations. Subsequently, by using equation 3.10, the probability of

Yi;=1can be estimated.

Related to multinomial logistic regressions it should be mentioned that, because the
dependent variable is categorical and contains more than two levels, therefore one
level would be considered as the reference and others are compared to this level. For
example, if a categorical dependent variable contains four levels of “17, “2”, “3” and
“4” one of them is considered as the reference and subsequently for other levels
there are equations respectively. Each equation follows the binary equation of 3.10;
however, in these cases the p is the probability of that level happening instead of

reference level.

Finally it should be mentioned that all the calculations related to hypotheses and
regression equations are done by SPSS software.
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3.6 REBA Analyses

Three postures are selected during the interviews. By observing regular job process

of the occupational drivers these postures are selected based on the most awkward,

most weight handled and most constant positions. Related to each of these positions,

the total scores are calculated by the worksheet of REBA; and then after,

Improvements are applied for each of them separately. These improvements are

based on the purpose of the postures in a way that there would be no limitation for

actual processes.

Five REBA score category is adjusted for this method:

First, when the score is equal to 1. This category requires no changes since the
risk is negligible.

Second, REBA scores which are 2 and 3. In this scenario, changes may be
needed because of the low risk.

Third, the REBA scores between 4 and 7. In these cases, further investigations
are needed and the position must be changed soon.

Fourth, the REBA scores which are between 8 and 11. For this category, the
position must be investigated and changes must be implemented; because, it
stands for high risk positions.

Last, the REBA scores which are more than or equal to 11. These types of
positions are known as very high risk and therefore, changes must be

implemented immediately.

Finally the comparisons between the primary and improved postures are done based

on the total scores.
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4.1 Sample Size Testing

Chapter 4

RESULTS

As it is explained in section 3.4, a pilot search has been applied for determining the

minimum required sample size for this research.

Table 4: Hypotheses related variables and minimum required sample size

Variables n Type of data SD P(1-P) Sample size
Hours of exposure to vibration 47  Continuous 38.70 230.2
BMI 47  Continuous 5.54 4.7
Amount of discomfort reported 47  Continuous 2.73 1.1
Age 47  Continuous 11.62 20.7
Night shift 47  Dichotomous 0.095 146.1
Accident 30 Dichotomous 0.000 0
Lumber Support 47  Dichotomous 0.250  384.0
Discomfort reported for last 12 months

Lower back area 47  Dichotomous 0.244  375.6
Neck 47  Dichotomous 0.247 379.8
Left shoulder 47  Dichotomous 0.249 382.6
Right shoulder 47  Dichotomous 0.241 370.1

Table 4 proposes the detailed of the outcomes of the pilot search for different

variables which has been used for testing the fourteen hypotheses of the study.

Among different estimation in Table 4, the maximum required sample size belongs

to dichotomous variable of lumber support. So in order to eliminate the Type Il error

for this study remaining 337 is completed by male drivers.
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4.2 Questionnaire Findings

Regarding to minimum sample size of participants, 384 male heavy truck drivers are
interviewed by the questionnaire. In the following paragraphs some statistic
information about the prevalence of musculoskeletal disorder is explained.

4.2.1 First Part of the Questionnaire Findings

All of the participants were currently employed during the interview and their main
occupation was “driver”. Moreover, related to first part of the questionnaire Table 5

shows the finding results with regard to answers of the participants.

Table 5: Findings related to first part of the questionnaire

Sub-categories Frequency (%) Cumulative percent
In what industry did you carry out this occupation (Driver)?
Construction 33 8.6 8.6
Multi-industries 228 59.4 68.0
Automotive manufacturing 40 10.4 78.4
Petrochemical 25 6.5 84.9
Military 6 1.6 86.5
Cosmetic 5 1.3 87.8
Automotive parts manufacturing 45 11.7 99.5
Agricultural 2 0.5 100.0
Total 384  100.0 100.0
Does an average day involve lifting weight of 10Kg or more?
Yes 384  100.0 100.0
No 0 0.0 100.0
Total 384  100.0 100.0
Does an average day involve lifting weight of 25Kg or more?
Yes 384  100.0 100.0
No 0 0.0 100.0
Total 384  100.0 100.0
Does an average day involve working in night shift?
Yes 343 89.3 89.3
No 41 10.7 100.0
Total 384  100.0 100.0

According to Table 5, without any exception all the participants lift weights more

than 25 Kg in their daily jobs. During the interview most of them claim that this
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activity mostly originating from maintenance operations of the truck such as lifting
tool box, spare tire and heavy tools. Drivers who were not employed in a certain
industry and accept any transportation jobs, counted as multi-industry occupational
driver in the table.

4.2.2 Second Part of the Questionnaire Findings

Table 6: Findings related to second part of the questionnaire

Sub-categories Frequency (%) Cumulative percent
Model of the truck

Mack 78 20.3 20.3

Volvo 126 32.8 53.1

Renault 4 1.0 54.2

Benz 96 25.0 79.2

Unknown 80 20.8 100.0

Total 384 100.0 100.0
Does the vehicle have a suspension seat?

Yes 339 88.3 88.3

No 45 11.7 100.0

Total 384  100.0 100.0
Is the chair easy to adjust?

Yes 326 84.9 84.9

No 58 15.1 100.0

Total 384  100.0 100.0
Does the chair have armrest?

Yes 33 8.6 8.6

No 351 91.4 100.0

Total 384  100.0 100.0
Does the chair have easy to adjusting lumber support?

Yes 188 49.0 49.0

No 198 51.0 100.0

Total 384 100.0 100.0

4.2.3 Third Part of the Questionnaire Findings
Table 8 illustrates the descriptive properties of data related to usage of different
transportation ways which drivers use in their spare time. All the units in this table

are hours which have been estimated by drivers.
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Table 7: Seat comfort results

Sub-categories Frequency (%) Cumulative percent

How comfortable do find your seat?
Dramatically uncomfortable 15 3.9 3.9
Very uncomfortable 55 14.3 18.2
Uncomfortable 66 17.2 35.4
Normal 78 20.3 55.7
Comfortable 69 18.0 73.7
Very comfortable 84 21.9 95.6
Extremely comfortable 17 4.4 100.0
Total 384 100.0 100.0

Table 8: Spare time transportation system
95% CI
n Mean SD Std. error  Lower bound  Upper bound

Car or van 69 1219  9.95 0.72 10.76 13.62

Train 75 12.04 584 0.67 10.70 13.38

Bus or coach 67 11.82 6.54 0.80 10.22 13.42

Motorcycle 71 13.39 6.49 0.77 11.86 14.93

None 102 - - - - -

Total 384 9.08 7.62 0.39 8.32 9.85

Table 9 also demonstrates the hours that drivers are exposed to vibration in a week; it

is good to mention that related to this table the question was as follow: What is the

total number of hours that you drove / rode / stood on the truck in a week (only the

times when the engine was running)?

Table 9: Approximate hours drove by drivers in a week

Sub-categories Frequency (%) Cumulative percent
Less than 48 51 13.3 13.3
Between 48 h-56 h 14 3.6 16.9
Between 56 h - 84 h 137 35.7 52.6
Between 84 h - 112 h 126 32.8 85.4
More than 112 h 56 14.6 100.0
Total 384 100.0 100.0

The categories of the Table 9 have been explained in the methodology chapter.
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4.2.4 Fourth part of the questionnaire findings

The prevalence of musculoskeletal discomfort among these drivers is presented in

Figure 1.
70% 1
M Discomfort in last 12 month
ul
80% 1 § m Discomfort in last 7days
(%))
g
Prevented from work in last 12 month
50% 1
g
0%

30%

20%

10%

0%

Lower Back
Neck
Left shoulder
Right shoulder
Knees
Upper Beck
Buttocks
Ankles | %0
Right wrist
Left \Wrist
Right elbow
Left elbow

Figure 1: Main prevalence chart of the study

The blue color in Figure 1 shows the prevalence of discomfort during the last 12
months which are reported by truck drivers. Among these body parts 57% of
participants had experienced discomfort in their low back area which is the highest
prevalence in this study. After that, 55% of the drivers experienced discomfort in
neck area which put this part in the second place in the chart. Subsequently, left
shoulder (47%), knees (45%), right shoulder (40%), upper back (33%), buttocks
(32%), ankles (26%), right wrists (20%), left wrist (14%), right elbow (11%) and left
elbow (10%) are the rest outcomes of the chart. No driver reported trouble in ankle

area for last 7 days.
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The red color in this figure demonstrates the prevalence of musculoskeletal
discomfort during the last 7 days. In this scale of time, Shoulders and lower back
area have the highest prevalence among others (51%). The rest of the data are as
follow: neck (45%), knees (39%), Upper back (28%), elbows (12%), Wrists (11%)

and Buttocks (4%).

At last, the green light stands for amount of drivers who has been prevented from
doing the normal activity of the job regarded to the area which they had pain or
discomfort. At most discomfort in the lower back area has been reported as the cause
of prevention (39% of the participants) and after that knees (32%), neck (20%) and
ankles (11%) was the reasons for not being able to do the job among drivers. Less
than 5% of participants caused other areas to which had prevented them from doing

their job.

Table 10 clarifies the rest of the questions findings related to the fourth part of the
questionnaire. It is good to mention that in this part, drivers who did not had any
trouble in their low back area, escaped the questions and answered the fifth part of

the questionnaire. Thus, less than 384 drivers answered these questions.

Related to low back trouble, only 7 drivers (3.1%) caused their LBP to an accident
which they had experienced in past. And among these 7 drivers, 4 of them (57.1) had

the accident while they were at work.

Between 221 drivers who had low back trouble, only one driver changed his job

because of the pain.
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Table 10: Lower back specific results

Sub-categories Frequency (%) Cumulative percent
Have you had any Low back trouble at all?
No 157 40.9 40.9
Yes 227 59.1 100.0
Total 384 100.0 100.0
How bad was the LBP during the worst episode?
Mild 22 9.7 9.7
Severe 120 52.9 62.6
Very, very severe 85 374 100.0
Total 227 100.0 100.0
What was the total length of time that you had low back trouble during last 12 months?
0 day 21 19.4 194
1-7 days 20 18.5 38.0
8-30 days 23 21.3 59.3
More than 30 days 21 194 78.7
Every day 23 21.3 100.0
Total 108 100.0 100.0
What was the total length of time that you had prevented from work because of low back
trouble?
0 day 155 70.1 70.1
1-7 days 32 14.5 84.6
8-30 days 16 7.2 91.9
More than 30 days 18 8.1 100.0
Total 221 100.0 100.0
Have seen a doctor for your low back trouble?
Yes 107 51.4 514
No 113 48.6 100.0
Total 220 100.0

The last question of this part is as follow:

“Please give details of any issues regarded to vibration and back pain that have not

been discussed by his questionnaire:”

Following answers are collected during the interview:

Lower salary which cause more of working by 15 drivers (6.78%)

39



Speed bumps by 77 drivers (34.8%)

Bumpy roads by 6 drivers (2.7%)

others (58.4%) did not had any comment related to this question
4.2.5 The fourth part of the questionnaire findings

Tables 11 and 12 explain all the findings related to the last part of the questionnaire.

Table 11: Demographical outcomes (numeric)

n Mean SD Std. error Minimum Maximum
Age (year) 384  43.80 10.99 0.561 20 70
Weight (Kg) 384  81.33 14.49 0.739 43 150
Height (m) 384 1.74 0.12 0.006 1.45 1.98
BMI (Kg/mz) 384 27.12 5.03 0.256 15.03 48.98

4.1 Hypothesis Test Results

In this chapter the following results are clarified with regarded to 14 hypotheses
which demonstrated in methodology chapter.

4.1.1 H; Results

In order to check Hj, Table 13 is demonstrated. This table is the cross tab of two

independent variables smoking status with 3 and lower back discomfort with 2 level.

As there is no expected value less than or equal 5, chi-square test of independence is

used to determine whether there is a significant association or not.

Results related to the hypothesis are as follows:
e Chi-square value = 0.414
e Degree of freedom =2

e P-value =0.813
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Table 12: Demographical outcomes (nominal)

Sub-categories Frequency (%) Cumulative percent
Gender

Male 384 100.0 100.0

Female 0 0.0 100.0

Total 384 100.0 100.0
Handedness

Right handed 335 87.2 87.2

Left handed 44 115 98.7

Both handed 5 1.3 100.0

Total 384 100.0 100.0
Smoking status

Smoker 253 65.9 65.9

None-smoker 106 27.6 93.5

Ex-smoker 25 6.5 100.0

Total 384 100.0 100.0

Table 13: Cross tab table for Hy

Low back discomfort (last 12 months)
No Yes Total
. Smoker Observed 111 142 253
3 Expected 108.1 144.9 253.0
(1]
g Non-smoker Observed 43 63 106
E Expected 45.3 60.7 106.0
o
= Ex-smoker Observed 10 15 25
w Expected 10.7 14.3 25.0
total Observed 164 220 384
Expected 164.0 220.0 284.0

As the p-value is greater than 0.05, there is not enough evidence to reject the null-
hypothesis; therefore, H; cannot be accepted.

4.1.2 H, Results

The second cross tab in Table 14 is for investigation of association between hours of
exposure to vibration and low back discomfort during last 12 month. The same as

Table 13, Table 14 does not have any expected value less than or equal to 5.
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Therefore, chi-square test of independence is used to determine the association of
these variables. Following results are achieved for H,:

e Chi-square value = 3.639

e Degree of freedom =3

e P-value =0.303

As the p-value is greater than 0.05, there is not enough evidence to reject the null-

hypothesis and H, cannot be accepted.

Table 14: Cross tab table for H,

Low back discomfort (last 12 months)

No Yes Total
Less than 56h Observed 18 29 47
o Expected 20.1 26.9 47
(6]
S _|s6-84h Observed 46 74 120
S o Expected 51.3 68.8 120
38
“ E 85 112h Observed 59 60 119
2 Expected 50.8 68.2 119
o
T More than 112h Observed 41 57 98
Expected 41.9 56.1 98
Total Observed 164 220 384
Expected 164 220 384

4.1.3 H; Results

With regard to Hs, Table 15 illustrates the cross tab with two independent variables
of hours of exposure to vibration and neck discomforts which are reported by
participants for the period of 12 months. As Table 15 shows, there is no expected
value less than or equal to 5. Thus, chi-square test of independence is appropriate for
this hypothesis. Outcome of chi-square test is as follows:

e Chi-square value = 54.568
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e Degree of freedom =3

e P-value =0.000

Table 15: Cross tab table for Hs

Neck discomfort (last 12 months)
No Yes Total
Less than 56h Observed 34 13 47
% Expected 211 25.9 47
§ c|s6_8an Observed 75 45 120
S % Expected 53.8 66.3 120
O o
= 'E 85— 112h Observed 41 78 119
® Expected 53.3 65.7 119
>
2 More than 112h Observed 22 76 98
Expected 43.9 54.1 98
total Observed 172 212 384
Expected 172 212 384

The p-value related to this test is less than 0.05; thus, the null-hypothesis is rejected;
and therefore Hs is true. Moreover, for investigating this association graphically,

Figure 2 is illustrated.

Figure 2 shows the answers given to neck problem related to different hours of
exposure to vibration. As the hours of exposure increase, more neck problems are
reported. Even though, the height of green column for exposure less than 56h is
lower than green column for exposure between 56 — 84 h, there was not a significant
increase in neck problem. This difference of height is originating from different
sample sizes. In order to prevent confusion of unbalance bar charts instead of count
for Y-axis in Figure 2, in Figure 3, Y-axis illustrates the percentage of each outcome

related to each category of X-axis.
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Bar Chart
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durin%Iast
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Less than 56h 56 - B4h 85-112h Mare than 112 h
Weekly hours of exposure to vibration

Figure 2: Bar chart of H; (count)

Figure 3 avoids any misunderstanding which could cause by unbalanced sample
sizes; therefore, for the following hypothesis results, this method is used to construct

bar charts.

Neck
Discomfort
inlast 12
80.0%— months

Hro
Eves

Percent of Each Exposure Categories

Less than 56h 56 - B4h 85-112h More than 112h

Weekly Hours of Exposure to Vibration

Figure 3: Bar chart of H3 (percentage)
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4.1.4 H, Results

Table 16 demonstrates the cross tabs related to two independent variable of Hy.

Table 16: Cross tab table for Ha

Shoulder discomfort (last 12 months)

Yes in one Yes in both

No shoulder shoulder Total
c Observed 15 25 7 47
S |Lessthan6h b ected | 17 19 11 47
S
> |56_84n gbserved 58 41 21 120
£ xpected | 43.4 48.4 28.1 120
? Observed | 50 38 31 119
s |85~ 112h Expected | 43.1 48 27.9 119
5 Observed | 16 51 31 98
g |Morethan 1120 £yiected | 355 39.6 23 98
T
Observed | 139 155 90 384
total
Expected | 139 155 90 384

There is no expected value less than or equal to 5 in Tablel16. Thus, chi-square test of

independence is appropriate for this hypothesis.

Results of the H, are as follows:
e Chi-square value = 31.811
e Degree of freedom =6

e P-value =0.000

Chi-square test shows a significant association between hours of exposure to

vibration and shoulder discomfort (p-value < 0.05). In order to understand the

behavior of this association, Figure 4 is established.
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Figure 4: Bar chart of H, (percentage)

According to Figure 4, by the increase of hours of exposure to vibration, reports of
shoulder discomfort goes up. Drivers who were exposed to vibration less than 56h
weekly were not in this trend.

4.1.5 Hs Results

To test Hs binomial proportion test is applied with p (proportion) = 0.5. Estimated p
is used from Figure 1 for low back discomfort in last 12 months (p = 0.57).
Therefore, outcome shows a significant evidence of rejecting the null-hypothesis (p-
value=0.001); thus, Most of the drivers experience Low back discomfort during the
last 12 month; and therefore, Hs is correct.

4.1.6 Hg Results

Table 17 illustrates the cross tab related to Hg. This table contains of two variables of

BMI and night shift work.
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Table 17: Cross tab table for Hg

Do you work on night shifts?
No Yes Total
Underweight Observed 1 10 11
Expected 1.2 9.8 11
Observed 21 110 131
N |
| rormatTage ey pected 14 117 131
b
M . Observed 9 128 137
O ht
VErweg Expected 14.6 122.4 137
Observed 10 95 105
Ob
ese Expected 11.2 93.8 105
total Observed 41 343 384
Expected 41 343 384

As Table 17 clarifies, one cell has the expected value of 1.2; and it is against the
assumption of chi-square test of independence. Therefore, instead of using chi-
square, fisher’s exact test is appropriate for Hs. Results for fisher’s exact test related
to Hg are as follows:

e Fisher’s exact value = 6.283

e P-value =0.084

The p-value is greater than 0.05; therefore, there is not enough evidence to reject the
null. Thus, Hg cannot be accepted.

4.1.7 H; Results

To test H; Table 18 shows the cross tab related to independent variables of the test.
Table 18 has an expected value less than 5. Thus, Fisher’s exact test is applied for
H-. Outcomes of Fisher’s exact test related to H7 are as follows:

e Fisher’s exact value = 38.789

e P-value =0.000
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Table 18: Cross tab table for Hy

Low back discomfort (last 12 months)

No Yes Total

Underweight Observed 8 3 11

Expected 4.7 6.3 11

Normal rage Observed 72 59 131

_ Expected 55.9 75.1 131

=

oa) Overweight Observed 64 73 137
Expected 58.5 78.5 137

Obese Observed 20 85 105
Expected 44.8 60.2 105

total Observed 164 220 384
Expected 164 220 384

Because the p-value is smaller than 0.05, the null-hypothesis related to Hy is rejected;
and therefore, H; is accepted. In order to understand the association of BMI and low

back discomfort, Figure 5 is illustrated.

Low Back

Discomfort
inlast 12
rmonths

Wtio
Ees

100.0%7

80.0%7

Percent of Each BMI Categories

Underwieght Marmal range Cverweight Obese

Body Mass index [BEMI] categoties

Figure 5: Bar chart of H; (percentage)
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Figure 5 clarifies a higher prevalence of low back discomfort as BMI increases;
however, this increase is not very high between normal range and overweight
categories. It is good to mention that in underweight category there is a huge
reduction of low back related discomfort among drivers and as it is illustrated in
Table 17, only 11 drivers are in this category and it might have an effect on this
decrease.

4.1.8 Hg Results

Table 19 demonstrates a descriptive perspective of Hg. According to related
description of this hypothesis in previous chapter, one of the assumptions of
ANOVA is the equality of the variances. Therefore, Levene test results are in Table
20. As the p-value of this test is less than 0.05, one of the assumptions of ANOVA is
not fit to this test. Welch and Brown-Forsythe tests do not require such assumption.
Therefore, to test the equality of means between groups, Welch and Brown-Forsythe

tests are used in Table 21.

Table 19: Descriptive table for Hg

Age n Mean SD Std. error  Minimum Maximum
Less than 25 20 245 1.820 0.407 0 7
25-35 73 245 1.993 0.233 0 10
35-45 125 293 1872 0.167 0 7
45 -55 117 478 1.862 0.172 1 10
55-65 38 6.68 2.858 0.464 0 11
More than 65 11 8.82 1.601 0.483 5 11
Total 384 3.92 2.543 0.130 0 11

Table 20: Leven test for Hg
Levene statistic Df1 Df2 p-value
3.825 5 378 0.002

According to Table 21, both tests have the p-value less than 0.05; therefore, the

alternative Hg is accepted. For determining which levels of dependent variable in Hg
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are significant from others, Fisher Least Significant Difference (LSD) summaries of

results are illustrated in Table 22 and 23.

Table 21: Results of Welch and Brown-Forsythe tests for Hg

Statistic  Dfl Df2 p-value
Welch 48.10 5 64.892 0.0000
Brown-Forsythe 45.94 5 154.902 0.0000

Table 22: LSD test for mean difference

Age (i) Age (j) Mean difference (i-j))  Std. error  P-value
25-35 -0.002 0.505 0.997
35-45 -0.478 0.482 0.322
Less than 25 45 - 55 -2.328 0.484 0.000
55 - 65 -4.234 0.553 0.000
More than 65 -6.368 0.751 0.000
Less than 25 0.002 0.505 0.997
35-45 -0.476 0.295 0.107
25-35 45 - 55 -2.326 0.298 0.000
55-65 -4,232 0.400 0.000
More than 65 -6.366 0.647 0.000
Less than 25 0.478 0.482 0.322
25-35 0.476 0.295 0.107
35-45 45 - 55 -1.850 0.257 0.000
55-65 -3.756 0.371 0.000
More than 65 -5.890 0.629 0.000
Less than 25 2.328 0.484 0.000
25-35 2.326 0.298 0.000
45 -55 35-45 1.850 0.257 0.000
55-65 -1.906 0.374 0.000
More than 65 -4.040 0.631 0.000
Less than 25 4.234 0.553 0.000
25-35 4.232 0.400 0.000
55-65 35-45 3.756 0.371 0.000
45 - 55 1.906 0.374 0.000
More than 65 -2.134 0.685 0.002
Less than 25 6.368 0.751 0.000
25-35 6.366 0.647 0.000
More than 65 35-45 5.890 0.629 0.000
45 - 55 4.040 0.631 0.000
55-65 2.134 0.685 0.002
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Table 23: Classification of significant levels for age categories
Significant levels (mean of dependent variable)

Age categories n Level 1 Level 2 Level 3 Level 4
Less than 25 20 2.45
25-35 73 2.45
35-45 125 2.93
45 - 55 117 4.78
55 - 65 38 6.68
More than 65 11 8.82

Figure 6 is illustrated for better understanding the prevalence of musculoskeletal
discomfort with regards to age categories. The figure is the p-plot which is related to

Hs.

Mean of number of musculoskeletal discomfort which has
been reported

T T T T T T
Less than 25 25-35 35-45 45-55 55-65 More than 65

Age

Figure 6: Prevalence of musculoskeletal discomfort by the increase of age

According to Figure 6, the prevalence of musculoskeletal discomfort is raised among
drivers who were older than 45 years. And this increase is continued as the age goes

higher; however, there is not any significant raising or falling for ages less than 45.
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4.1.9 Hg Results
Related to this hypothesis, cross tab of two independent variables is illustrated in

Table 24.

Table 24: Cross tab for Hg

Intensity of LBP
Mild  Severe  Very, very severe Total
0 day Observed 13 79 62 154
2 Expected | 15.4 79.8 58.8 154
& _l1.74 ays Observed | 3 19 10 32
GE)_ 5 Expected | 3.2 16.6 12.2 32
=
g £ | 8- 30 days Observed 4 11 1 16
z 2 Expected 1.6 8.3 6.1 16
% More than 30 days Observed 2 5 11 18
a Expected 1.8 9.3 6.9 18
total Observed 22 114 84 220
Expected 22 114 84 220

According to Table 24, there are 3 expected values less than 5; therefore, fisher’s
exact test is determined the p-value of Hg. Outcomes of this test are as follows; the

fisher exact value is 15.316; and, p-value is 0.012.

Intensity of
LBF
(I il
I Sever

(o] Wery, very sever

60.0%

40.0%

Percent of Each X-axis categories

5
=
=1
E

1

0Days 1-7 Days B8-30 Days More than 30 Days

00%=

Days being prevented from work

Figure 7: Bar chart of Hg (percentage)
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P-value is less than 0.05; thus, the null is rejected and Hg is accepted. In order to

illustrate the association of these two independent variables, Figure 7 is created.

As Figure 7 shows, those who prevented from doing their job for more than 30 days,

mostly had experienced very intense LBP during the worst episodes.

4.1.10 Ho Results

Table 25 demonstrates a descriptive perspective of Hg. For the equality of variances,

Table 26 demonstrates the Levene tests outcomes related to Hyg.

Table 25: Descriptive table for Hio

Hurt the lower back in an accident n Mean SD Std.error  Min  Max
No 220 462 2431 0.164 0 1
Yes 7 875  1.718 0.649 6 1
Total 227 474 2505 0.166 0 1
Table 26: Levene test for Hyg
Levene statistic Df1 Df2 p-value
1.234 1 225 0.268

Because the p-value is greater than 0.05, the equality of variances assumption is

acceptable for independent variable of Hy,. Thus, ANOVA can be applied for this

hypothesis. Table 27 illustrates the results of ANOVA test.

Table 27: Results of ANOVA tests for Hg

Sum of Degrees of

Mean square

F-value p-value
square freedom of error
Treatment 106.024 1 106.024 18.187 0.000
Error 1311.642 225 5.830
total 1417.665 226
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According to Table 27, p-value is less than 0.05. Thus, the null is rejected and it is
concluded that, there is a significant relation between drivers who experienced
accident and the number of body parts they have experienced musculoskeletal
discomfort during last 12 months. Multiple comparison techniques like Fisher LSD
cannot be applied on this dependent variable because, the degree of freedom of
independent variable is less than 2; therefore, the comparison between levels can be
determined by constructing bar chart related to this hypothesis. Figure 8 shows the

significant difference of two levels of dependent variable.

According to Figure 8, those drivers who hurt their back in an accident experienced

more musculoskeletal discomforts in parts of their body.

g

Mean Number of Musculoskeletal Discomfort

2+

T
No Yes

Have you ever hurt your back in an accident?

Figure 8: Bar chart of Hyg

4.1.11 Hy; Results
Table 28 demonstrates a descriptive perspective of Hy;. Also Levene test outcomes

for equality of variances are in Table 29.
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Table 28: Descriptive table for Hy;

Exposure time to vibration n Mean SD Std. error  Min  Max
Less than 56h 47 3.06 2.240 0.327 0 9
56 — 84h 120 3.33 2.349 0.214 0 11
84 - 112h 119 4.13 2.768 0.254 0 11
More than 112h 98 4.78 2.344 0.237 0 11
Total 384 3.92 2.543 0.130 0 11

Table 29: Leven test for Hy;
Levene statistic Df1 Df2 p-value
1.773 3 380 0.152

Because the p-value is greater than 0.05, the equality of variances assumption is
acceptable for independent variable of Hj;. Thus, ANOVA can be applied for this

hypothesis. Table 30 illustrates the results of ANOVA test.

Table 30: Results of Welch and Brown-Forsythe tests for Hq;

Sum of Degrees of  Mean square
F-value p-value
square freedom of error
Treatment 152.948 3 50.983 8.335 0.000
Error 2324.385 380 6.117
total 2477.333 383

According to Table 30, p-value is less than 0.05. Thus, the null is rejected and it is
concluded that Hy; is acceptable. For determining which levels of dependent variable
in Hy; are significant from others, Fisher Least Significant Difference (LSD)
summaries of results are illustrated in Table 31 and 32. The same data is analyzed by
Tuckey’s method; but, the outcomes were slightly different from Fisher LSD
method. Tables 33 and 34 illustrate the results of multiple comparisons for Hj; using
Tuckey’s method. Subsequently, Figure 9 shows the p-plot of Hy;. In this plot, blue
color describes the classification based on Fisher LSD method and red color

describes the classification based on Tuckey’s method.
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Table 31: Fisher LSD test for mean difference (Hi)

Exposure (i) Exposure (j) Mean difference (i-j)  Std. error  P-value
56 — 84h -0.270 0.426 0.527
Less than 56h 84 —112h -1.071 0.426 0.012
More than 112h -1.712 0.439 0.000
Less than 56h 0.270 0.426 0.527
56 — 84h 84 —112h -0.801 0.320 0.013
More than 112h -1.442 0.337 0.000
Less than 56h 1.071 0.426 0.012
84 —112h 56 — 84h 0.801 0.320 0.013
More than 112h -0.641 0.337 0.058
Less than 56h 1.712 0.439 0.000
More than 112h 56 — 84h 1.442 0.337 0.000
84 —112h 0.641 0.337 0.058

Table 32: Classification of levels for exposure categories (Fisher LSD method)

Significant levels (mean of dependent variable)

Age categories

n Level 1 Level 2 Level 3
Less than 56h 47 3.06
56 — 84h 120 3.33
84 —112h 119 413 4.13
More than 112h 98 4,78

Table 33: Tuckey's test for mean difference (H11)

. . Mean

Exposure (i) Exposure (j) difference (i-j) Std. error  P-value
56 — 84h -0.270 0.426 0.921
Less than 56h 84 —112h -1.071 0.426 0.060
More than 112h -1.712 0.439 0.001
Less than 56h 0.270 0.426 0.921
56 — 84h 84 —112h -0.801 0.320 0.061
More than 112h -1.442 0.337 0.000
Less than 56h 1.071 0.426 0.060
84 —112h 56 — 84h 0.801 0.320 0.061
More than 112h -0.641 0.337 0.230
Less than 56h 1.712 0.439 0.001
More than 112h 56 — 84h 1.442 0.337 0.000
84 —112h 0.641 0.337 0.230

Table 34: Classification of levels for exposure categories (Tuckey’s method)
Significant levels (mean of dependent variable)

Age categories n Level 1 Level 2 Level 3
Less than 56h 47 3.06

56 — 84h 120 3.33 3.33

84 - 112h 119 4.13 4.13
More than 112h 98 4.78
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According to Figure 9, by the increase of hours of exposure to vibration, drivers
report more musculoskeletal discomfort.

4.1.12 Hq; Results

Table 35 shows the cross tab related to Hi,. According to this table, all the expected
values are greater than 0.05; therefore, the assumption of chi-square test of
independent is applied for this hypothesis. Outcome of this test are as follows:

e Chi-square value = 57.949

e Degree of freedom =6

e P-value =0.000

P-value is smaller than 0.05. Thus, the null is rejected and H;; is accepted.

Figure 10 clarify the association of two independent variables of Hj,.According to
this figure, drivers who specified a higher score for their seat, experienced less neck

discomfort during last 12 months.

5.0

Level 3

4.5

Level 2

=
o

Level 3

Level 1

Mean of number of musculoskeletal discomfort which has
been reported

3.0

T T T T
Less than 56h 56 - 84h 84-112h Wore than 112h
Weekly Hours of Exposure to Vibration

Figure 9: P-plot for Hy;
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Table 35: Cross tab for Hy,

Neck discomfort in last 12 months
Total
No Yes
. Observed 1 14 15
Dramatically uncomfortable Expected 6.7 83 15
Very uncomfortable Observed 5 50 55
Expected 24.6 30 55
Uncomfortable Observed 27 39 66
o Expected 29.6 36.4 66
S Normal Observed 36 42 78
g Expected 34.9 43.1 78
n Comfortable Observed 44 25 69
Expected 30.9 38.1 69
Very comfortable Observed 46 38 84
Expected 37.6 46.4 84
Extremely comfortable Observed 13 4 7
Expected 7.6 9.4 17
Total Observed 172 212 384
Expected 172 212 384

4.1.13 Hy3 Results

Cross tab related to Hyzis illustrated in Table 36. There are two expected values less
than 0.05. Therefore, instead of chi-square test, Fisher’s exact test is used for Hjs.
Results of this test are as follows:

e Fisher’s exact value = 39.187

e P-value =0.000

P-value is less than 0.05. Thus, null is rejected and the statement of Hy3 is accepted.

In order to understand the association of seat comfort and shoulder discomfort,
Figure 11 is illustrated. According to Figure 11, in the first two categories of seat
score where it is not comfortable more prevalence of shoulder pain is observed. This
result can be observed by the height of the blue column. In both categories, less than
20% of the drivers did not experienced any pain or discomfort in their shoulder area;
and the rests reported discomfort at least in one of their shoulders for the period of 12

months.
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Table 36: Cross tab for Hy3

100.0%

80.0%

60.0%=]

40.0%

20.0%

Percent of Each Seat Categories
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I

a|epowod fa,

How Comfortable Your Seat Is?

BB IED AjUESIK

Meck
Discomfort
Last 12
Wonths

Mo
MEves

Figure 10: Bar chart of Hg

Seat score

Neck discomfort in last 12 months

- - Total
No Yes in one shoulder | Yes in both shoulders

. Observed 2 9 4 15
Dramatically uncomfortable Expected 54 61 35 15
Very uncomfortable Observed % 22 24 5
Expected | 19.9 22.2 12.9 55

Uncomfortable Observed 27 19 20 66
Expected 23.9 26.6 155 66

Normal Observed 29 36 13 78
Expected 28.2 315 18.3 78

Comfortable Observed 33 19 17 69
Expected 25 27.9 16.2 69

Very comfortable Observed 33 41 10 84
Expected | 30.4 339 19.7 84

Observed 6 9 2 17

Extremely comfortable Expected 6.2 6.9 4 17
Observed 139 155 90 384

Total

Expected | 139 155 90 384
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Figure 11: Bar chart of Hy3

4.1.14 Hy4 Results

Table 37 illustrates the cross tab related to two independent variables of His.

Table 37: Cross tab for Hi4

Low back discomfort in last 12 months
Total
No Yes
Observed 24 172 196
p -
3 Have Expected 83.7 1123 196
=
2t
g § 5 X Observed 140 48 188
n \Y
g3 oes not have Expected 80.3 107.7 188
>
i) Observed 164 220 384
Total
< Expected 164 220 384

In Table 37, there are no expected values smaller than 5. Thus chi-square test

assumption is ok for this hypothesis. Results of the test are as follows:
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Does your seat have an easy adjustable lumber
support?

Figure 12: Bar chart of Hi4

e Chi-square value = 151.839
e Degree of freedom =1

e P-value =0.000

P-value is less than 0.05. Therefore, null is rejected and Hay, is accepted.

Figure 12 clarify that, drivers who does have an easy to adjusted lumber supports

reported lower back discomfort less than those who does not have.
4.2 Regression Equations

In the following section, all the results are demonstrated; and consequently, equation

models are proposed. The level 3 headings of 4.4 are according to Table 3.
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4.2.1 Binary Logistic Regression Y
In order to run the binary logistic regression for Y;, Table 38 shows the predictors

and related Pearson’s correlation values.

Table 38: Description of predictors related to Y

Predictor (address of the question) Pearson correlation p-value
(part 1 d) -0.101 0.049
(part 2 €) -0.103 0.043

Dramatically uncomfortable (1)

Very uncomfortable 2)

Uncomfortable 3)

Normal 4)

Comfortable (5)

Very comfortable (6)

Extremely comfortable ©)
(part 2 g) -0.101 0.000
(part 2 h ii) -0.200 0.047
(part 3 a) 0.128 0.012
(part 4 b) 0.243 0.000
(part 5 a) -0.180 0.000
(part 5 c) 0.142 0.005

Table 38 clarifies 8 predictors for Y;. (part 2 €) is a categorical predictor; therefore,
it contains seven level; however, it must be mention that the SPSS software assigns
only 6 codes for levels of this question; and therefor, the seventh level is the
reference or base of the comparison of other levels. The Negelkerke’s R-square of

the model related to Y, predictors is 0.527.

Table 39 illustrates the classification table of the model. This table compares the

outcomes which are predicted by model versus the observed.

Table 39: Classification table

Predicted outcome for Y, question percentage
No Yes correct
. No 5 16 23.8
Observed outcome for Y, question Yes 5 358 98.6
Overall percentage 94.5
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According to Table 39, 94.5% of the outcomes have been predicted correctly by the

model. Table 40 shows a complete summary of the variables in the model.

Table 40: Results of binary logistic regression for Y

Predictors Coefficient  Standard error Wald value  Df P-value QOdds ratio Label
Part1d 0.115 .076 2.285 1 0.131 1.122

Part2e 9.177 6 0.164

Part2e (1) 16.008 8694.42 0.000 1 0.999 8955926.2

Part2e (2) 16.518 3966.85 0.000 1 0.997 14915609.4

Part 2 e (3) -0.193 1.40 0.019 1 0.890 .824

Part 2 e (4) 0.031 1.32 0.001 1 0.982 1.031

Part 2 e (5) -1.807 1.28 1.989 1 0.158 .164

Part 2 e (6) 0.508 1.32 0.147 1 0.702 1.662

Part2g -19.336 3896.76 0.000 1 0.996 .000

Part2 hii -2.517 1.072 5.512 1 0.019 .081 X1
Part3 a 0.019 .012 2.393 1 0.022 1.019 X5
Part4b 1.916 .907 4.460 1 0.035 6.795 X3
Part5a -0.207 .077 7.297 1 0.007 .813 X4
Part5c 0.077 .028 7.513 1 0.006 1.080 Xs
Constant 195.263 3897.36 0.003 1 0.960 6.332E+084

According to Wald test, X; Xz, X3, X4 and Xs are the important predictors for ps;

therefore, the equation related to this dependent variable is as follows:

e(—2.517X1+0.019X2+1.916X3-0.207X4+0.77X5)

= (4.1)

p1— (1+e(—2.517X1+0.019X2+1.916X3—0.207X4,+0.77X5))

Table 41 describes the numeric codes used for the variables in the model. For
explaining the negative correlation of X,, by increasing one unit of date of birth,
likelihood of having a musculoskeletal discomfort in last 12 months would decrease
with the odds ratio of 0.813. Thus, old drivers are more likely to have a
musculoskeletal discomfort than younger ones.

4.2.2 Binary Logistic Regression Y,

Table 42 demonstrates the Pearson’s coefficients of the predictor variables related to
Y,. Relate to question of (part 2 e), it should be notice that the numbers in

parentheses are the coded used in the SPSS software; and also, because this predictor
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is categorical the 7" level considered as the reference level and others would be

compared to this level.

Table 41: Description of variables in equation 4.1

Variables Question Answers  Numeric codes
y Did you have musculoskeletal trouble in any No 0
! part of the body during last 12 months? Yes 1
X Does your seat have an easy to adjusted No 0
! lumber support? Yes 1
X, Hours of exposure to vibration Numeric Numeric
X Did you ever have low back trouble? No 0
3 y ' Yes 1
X4 What is your date of birth Numeric Numeric
Xs What is your weight in Kg Numeric Numeric

Table 42: Description of predictors related to Y,

Predictor (address of the question) Pearson correlation p-value
(part 1 d) -0.389 0.000
(part 2 ¢) -0.346 0.000

Dramatically uncomfortable (1)

Very uncomfortable 2

Uncomfortable 3)

Normal (4)

Comfortable (5)

Very comfortable (6)

Extremely comfortable 7)
(part 2 f) -0.247 0.000
(part 2 g) -0.131 0.010
(part 2 h ii) -0.124 0.015
(part 3 a) 0.380 0.000
(part 5 a) -0.495 0.000

Table 43: Classification table

Predicted outcome for Y, question percentage
No Yes correct
. No 151 21 87.8
Observed outcome for Y, question Yes 16 196 925
Overall percentage 90.4

The Negelkerke’s R-square of the model related to Y, predictors is 0.711. Moreover,
Table 43 compares the predictions of the model related to Y, versus the observations.

According to this table 90.4 percent of the predictions are correct.
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Table 44: Results of binary logistic regression for Y

Predictors Coefficient (8;)  Standard error Wald value Df  P-value Odds ratio Label
Part1d -0.081 0.02 11.52 1 0.001 0.922 X1
Part2e 36.81 6 0.000

Part2 e (1) 5.554 1.51 13.47 1 0.000 258.183 X2
Part2e (2) 4.848 111 19.10 1 0.000 127.526 X3
Part2 e (3) 3.097 0.95 10.60 1 0.001 22.121 X4
Part2 e (4) 2.366 0.90 6.98 1 0.008 10.654 Xs
Part2 e (5) 0.888 0.90 0.98 1 0.321 2.430 Xe
Part 2 e (6) 1.210 0.86 1.98 1 0.159 3.353 X7
Part 2 f -2.138 0.83 6.65 1 0.010 0.118 X
Part2 g -0.781 0.49 2.50 1 0.114 0.458

Part 2 hii -0.185 0.36 0.27 1 0.605 0.831

Part3a 0.063 0.01 56.08 1 0.000 1.065 X9
Part5a -0.152 0.02 39.31 1 0.000 0.859 X0
Constant 457.868 54.09 71.66 1 0.000 Bo

¢(457.69-0.08X1+5.55X2+4.85X3+3.10X4+2.37X50.89X6+1.21X7~2.14Xg+0.06X9—0.15X10)

b2 = 1+¢(457.69-0.08X1+5.55X+4.85X3+3.10X4+2.37X50.89X6+1.21X7-2.14Xg+0.06X9—0.15X1 () (4' 2)

Table 44 illustrates the complete summary of the Logistic regression outcome related

to Y,.Important predictors for equation 4.2 are selected from Table 44; thereafter, the

equation 4.2 is related to dependent variable of Y.

Table 45: Description of variables in equation 4.2

Variables Question

Answers Numeric codes

Did you have musculoskeletal trouble in neck area during

Ys last 12 months?
X1 Since which date did you start this occupation?

Xo-Xs In scale of 1-7, how do you rate your seat to be comfortable?
Xs Does your seat have an easy to adjusted suspension?

No 0
Yes 1
Numeric Numeric

Categorical ~ Scale of seven

No 0
Yes 1

4.2.3 Multinomial Logistic Regression Y3

As it discussed in chapter 3 for Y3 three equations are needed. The base of the

comparison for these equations is the reports that the drivers experienced shoulder

pain in both side. Thus, Table 46 demonstrates the variables which have correlation

with dependent variable of Y;. Tables 47, 48 and 49 illustrate the outcomes of the

predicted variables with their properties in the relevant equations. The Negelkerke’s
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R-square of the model related to Y3 predictors is 0.755. Equations 4.3, 4.4 and 4.5 are

related to Tables 47, 48 and 49 respectively.

Table 46: Description of predictors related to Y3

Predictor (address of the question) Pearson correlation p-value
(part 2 €) -0.184 0.000

Dramatically uncomfortable (1)

Very uncomfortable 2)

Uncomfortable 3)

Normal 4)

Comfortable (5)

Very comfortable (6)

Extremely comfortable @)
(part 2 f) -0.210 0.000
(part 2 g) -0.518 0.000
(part2 hi) -0.127 0.000
(part 3 a) 0.316 0.000
(part 5 a) -0.170 0.000

Table 47: Y3 results for the comparison of “No” with “In both sides”

Predictors Coefficient (8;) Standard error Wald value Df  P-value Odds ratio Label

Answering “No” to the question of Y3

Part2e (1) 3,503 1.60 479 1 0029 33.207 X1
Part2 e (2) 2.337 1.22 3.67 1 0055 10.347
Part2 e (3) 2371 1.16 421 1 0.040 10.709 Xs
Part 2 e (4) 1.638 1.08 2.29 1 0.130 5.145
Part2 e (5) 1.494 1.06 1.99 1 0.159 4.455
Part 2 e (6) 1.062 1.03 1.06 1 0302 2.891
Part 2 f -3.763 0.80 22.04 1 0.000 0.023 X
Part2 g -6.294 0.92 46.35 1 0.000 0.002 X,
Part2hii -1.496 0.69 477 1 0029 0.224 Xs
Part3a -0.020 0.01 472 1 0.030 0.980 Xs
Part5a 0.113 0.02 25.83 1 0.000 1.120 X
Constant -219.292 43.97 24.88 1 0.000 o

Table 48: Y; results for the comparison of “In left side” with “In both sides”

Predictors Coefficient (8;) Standard error Wald value Df  P-value Odds ratio Label

Answering “yes in left side” to the question of Y3

Part2 e (1) 3.512 1.65 4.52 1 0.034 33.511 X1
Part2 e (2) 2.035 1.27 2.55 1 0.110 7.654
Part2 e (3) 0.631 1.26 0.25 1 0.616 1.880
Part2e (4) 0.717 1.17 0.38 1 0.540 2.049
Part2e (5) 0.263 1.17 0.05 1 0.822 1.301
Part 2 e (6) -0.306 1.13 0.07 1 0.787 0.737
Part 2 f -2.289 0.74 9.49 1 0.002 0.101 X,
Part2 g -4.530 0.80 32.39 1 0.000 0.011 X3
Part2hi -1.023 0.75 1.86 1 0.172 0.359
Part3a -0.063 0.01 36.40 1 0.000 0.939 X4
Part5a -0.066 0.02 7.86 1 0.005 0.937 Xs
Constant 135.173 46.32 8.52 1 0.004 Lo
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Table 49: Y; results for the comparison of “In right side” with “In both sides”
Predictors Coefficient (#;) Standard error  Wald value Df P-value Odds ratio Label
Answering “yes in right side” to the question of Y3

Part2e (1) 2.456 1.62 230 1 0129 11.656
Part2e (2) 0.965 1.30 055 1 0459 2.624
Part2 e (3) 0.951 1.28 056 1 0456 2.589
Part2 e (4) 0.386 1.18 011 1 0745 1.471
Part2 e (5) -0.837 1.21 048 1 0487 0.433
Part 2 e (6) 0.417 1.15 013 1 0717 1518
Part 2 f -2.862 0.86 1098 1  0.001 0057 X
Part2g -5.554 1.06 2737 1 0.000 0004 X,
Part2hii 17.894 0.00 016 1  1.000 0.941
Part3a 0.060 0.01 2283 1  0.000 1061  Xg
Part5a 0.085 0.02 1202 1 0001 1.088 X,
Constant -189.746 48.44 1535 1 0.000 B

e(=219.292+3.503X1+2.371X2-3.763X3-6.294X4~1.496X5-0.020X5+0.113X7)

p31— 1+e(—219.292+3.503X1+2.371X2-3.763X3-6.294X4—1.496X5-0.020X+0.113X7) (4'3)

e (135.173+3.512X1—2.289X2—4.530X3-0.063X4—0.066X5)

P32 = 1+¢(135.173+3.512X1-2.289X2—4.530X3-0.063X4—0.066X5) (4'4)
. o(~189.746-2.289X1~5.554X2+0.060X3+0.085X4)
P33 = 1+¢(-189.746-2.289X1—5.554X2+0.060X3+0.085X4) (4'5)

Equation 4.3 determines the probability of the answer of Y3 is “No” rather than “Yes
in both shoulders”. Followed by equation 4.3, equation 4.4 estimates the probability
of the answer of Y3 is “Yes in left shoulder” rather than “Yes in both shoulders”; and
subsequently, equation 4.5 estimates the probability of the answer of Y3 is “Yes in
right shoulder” rather than “Yes in both shoulders”. For better understanding of the
variables, Table 50 provides the properties of the significant variables in equations
4.3,4.4 and 4.5.

4.2.4 Multinomial Logistic Regression Y,

The same as multinomial logistic regression for shoulders, Tables 51 to 55 is

illustrated to determine the variables of the equations related to elbows answers (Y4).
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Table 50: Description of variables in equations 4.3, 4.4 and 4.5

Variables Question Answers Numeric codes
No 0
Y Did you have musculoskeletal trouble in Yes in left side 1
3 shoulders area during last 12 months? Yes in right side 2
Yes in both sides 3
X, (table 47) Is your seat easy to adjust No 0
Yes 1
No 0
Xs (table 47) Does your seat have an armrest? Yes 1

It should also be mentioned that the Negelkerke’s R-square of this model is 0.495.

Table 51: Description of predictors related to Y,

Predictor (address of the question) Pearson correlation p-value
(part 2 ¢) -0.102 0.047

Dramatically uncomfortable (1)

Very uncomfortable 2)

Uncomfortable 3)

Normal 4)

Comfortable (5)

Very comfortable (6)

Extremely comfortable @)
(part 1 d) -0.334 0.000
(part 2 h i) -0.137 0.007
(part 5 a) -0.456 0.000

There are no other undefined significant variables in tables 4.6, 4.7 and 4.8.
Questions related to these significant variables are identified in previous description
tables. Equations 4.6, 4.7 and 4.8 are the outcomes of the significant parameters in

Tables 52, 53 and 54.

Table 52: Y, results for the comparison of “No” with “In both sides”
Predictors  Coefficient () Standard error Wald value Df P-value Odds ratio Label
Answering “No” to the question of Y,

Part2e (1) 16.771 5603.715 000 1 0099 1.92+E07
Part2e (2) -0.791 1.444 300 1 0584 0.454
Part2 e (3) 0.289 1.448 040 1 0842 1.335
Part 2 e (4) 0.848 1.428 353 1 0552 2.336
Part 2 e (5) 0.147 1.399 011 1 00916 1.158
Part 2 e (6) 1.387 1.369 1025 1 0311 4.001
Part1d 0.043 0.024 3312 1 0.069 1.044
Part 2 hiii -0.701 0.619 1282 1  0.258 0.496
Part5 a 0.236 0.037 40424 1 0.000 1267 X
Constant -547.954 87.732 39009 1 0.000 Bo
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Table 53: Y, results for the comparison of “In left side” with “In both sides”

Predictors  Coefficient () Standard error Wald value Df P-value Odds ratio Label
Answering “Yes in left side” to the question of Y,
Part2e (1) -2.632 0.000 0 1 0.999 0.072
Part2e (2) -20.880 9087.578 .000 1 0.998 0.000
Part2e (3) -1.086 1.841 .348 1 0.555 0.338
Part2e (4) -0.058 1.760 .001 1 0.974 0.944
Part2 e (5) -1.149 1.793 410 1 0.522 0.317
Part2 e (6) 0.281 1.709 .027 1 0.869 1.325
Part1d 0.034 0.038 793 1 0.373 1.035
Part2 hii 0.497 0.882 .318 1 0.573 1.644
Part5a 0.150 0.046 10.473 1 0.001 1.162 X1
Constant -362.807 108.188 11.246 1 0.001 Bo
Table 54: Y, results for the comparison of “In right side” with “In both sides”
Predictors  Coefficient () Standard error Waldvalue Df P-value QOdds ratio Label
Answering “Yes in right side” to the question of Y,
Part2 e (1) 34.689 9564.256 .000 1 0.997 1.162+E 15
Part2e (2) 17.980 7750.702 .000 1 0.998 6.435+E 07
Part2e (3) 17.206 7750.702 .000 1 0.998 2.967+E 07
Part2e (4) 17.805 7750.702 .000 1 0.998 5.404+E 07
Part2 e (5) 16.362 7750.702 .000 1 0.998 1.275+E 07
Part 2 e (6) 17.260 7750.702 .000 1 0.998 3.132+E 07
Part1d -0.233 0.103 5.068 1 0.024 0.793 X1
Part 2 hii 0.232 0.936 .061 1 0.804 1.261
Part5a 0.386 0.112 11.898 1 0.001 1.471 Xz
Constant -312.616 7751.385 .002 1 0.968
. e(—547.954+0.236X1)
Pal= T (T547.954+0.236X7) (4.6)
. e(—362.807+0.15X1)
ba2 = 14+e(—362.807+0.15X1) (4'7)
. e(—0.233X1+0.386X2)
Pa3 = T (—0233X;+0386X5) (4.8)

Related to variables in the equations Y4 is the dependent variable related to this

question: Did you have musculoskeletal trouble in elbows during last 12 months?

And the numeric codes for the answers are the same as multinomial regression for

shoulder area.
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Table 55: Description of variables in equations 4.3, 4.4 and 4.5

Variables Question Answers Numeric codes
No 0
Y Did you have musculoskeletal trouble in Yes in left side 1
4 elbows during last 12 months? Yes in right side 2
Yes in both sides 3
X, (table 47) Is your seat easy to adjust No 0
Yes 1
No 0
Xs (table 47) Does your seat have an armrest? Yes 1

4.2.5 Multinomial Logistic Regression Ys
For the discomfort of wrists, the following results are demonstrated by multinomial
logistic regression analyze. Table 57, 58 and 59 are respectively demonstrates the

variables in the equations 4.9, 4.10 and 4.11.

Table 56: Description of predictors related to Ys

Predictor (address of the question) Pearson correlation p-value
(part 1 d) -0.438 0.000
(part2 hi) -0.123 0.016
(part 3 a) 0.131 0.010
(part 5 a) -0.554 0.000

Table 57: Ys results for the comparison of “No0” with “In both sides”
Predictors  Coefficient () Standard error Wald value Df P-value Odds ratio Label
Answering “No” to the question of Ys

(part 1 d) 0.091 0.026 12.16 1 0.000 1.095 X1
(part 2 h i) -16.912 1222.032 0.00 1 0.989 0.000

(part 3 a) -0.021 0.009 6.04 1 0.014 0.979 Xy
(part 5 a) 0.227 0.033 47.48 1 0.000 1.255 X3
Constant -606.851 1224.821 0.25 1 0.620

Table 58:Ys results for the comparison of “In left side” with “In both sides”

Predictors  Coefficient () Standard error Wald value Df P-value Odds ratio Label
Answering “Yes in left side” to the question of Y5

(part 1 d) 0.075 0.051 2.19 1 0.139 1.078
(part 2 h i) -18.747 1222.032 0.00 1 0988 0.000

(part 3 a) -0.017 0.015 1.30 1 0254 0.983

(part 5 a) 0.192 0.053 12.88 1 0.000 1.212 X
Constant -509.325 1227.713 0.17 1 0678

70



Table 59: Ys results for the comparison of “In right side” with “In both sides”
Predictors  Coefficient () Standard error Wald value Df P-value Odds ratio Label
Answering “Yes in right side” to the question of Ys

(part 1 d) 0.071 0.027 7.13 1 0.008 1.074 X1
(part 2 h i) -18.747 1222.032 0.00 1 00988 0.000
(part 3 a) -0.006 0.010 0.39 1 0534 0.994
(part 5 a) 0.100 0.032 9.86 1 0.002 1.105 X,
Constant -337.612 82.654 16.68 1 0.000 o

The Negelkerke’s R-square related to this regression is 0.50. The question related to
variable Ys is as follow: Did you have musculoskeletal trouble in wrists during last
12 months? It contains three answers as no, yes in left side, yes in right side and yes
in both sides. These answers have numeric codes of 0, 1, 2 and 3 respectively. The
rest of the variables are already explained in previous equations. By using Tables 57,
58 and 59 equations 4.9, 410 and 4.11 are written. Related to equation 4.10, age of

the drivers is the only significant predictor of wrist discomfort.

£(0.091X1-0.021X1+0.227X1)

pPs1= 1+¢(0.091X1-0.021X1+0.227X1) (49)
(0.192X1)
.~ _ e
P52 = 1+e(0.192X1) (410)
. e(—337.612-0.071X1+0.1X7)
P53 = 1+e(—337.612—0.071X1+0.1X2) (411)

4.2.6 Binary Logistic Regression Y
Since the same method are used for the rest of the regressions until Y, (Binary
logistic regression) the following description is demonstrated for all the tables related

to Y6 — Yoo.

First, Tables 60, 63, 66, 70, 73, 76, 79, 82, 85, 88, 91, 94 and 99 are the results of
Pearson correlation for those predictors which are significantly correlated with the

dependent variables.
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Second, Tables 61, 64, 66, 68, 71, 74, 77, 80, 83, 86, 89, 92, 95, 97 and 100 are the
results of difference of observed data versus the data which are predicted by the
regression equations. Overall percentage in each table clarifies how accurately the

equation predicts the discomfort in that specific area.

Third, Tables 62, 65, 67, 69, 72, 75, 78, 81, 84, 87, 90, 93, 96, 98 and 101lare the

variables in the equations related to each part of the body.

Last but not least, equations 4.11, 4.12, 4.13, 4.14, 4.15, 4.16, 4.17, 4.18, 4.19 and
4.20 are to estimates the probability of occurrence of discomfort for related part of
the body. The Negelkerke’s R-square for this binary logistic regression is 0.591. The
question related to Yg is as follow: Did you have musculoskeletal trouble in upper
back area during last 12 months? The code 0 stands for answering “No” and the code

one is “Yes”.

Table 60: Description of predictors related to Y

Predictor (address of the question) Pearson correlation p-value
(part 2 €) -0.408 0.000

Dramatically uncomfortable (1)

Very uncomfortable 2)

Uncomfortable 3)

Normal 4)

Comfortable (5)

Very comfortable (6)

Extremely comfortable 7)
(part 2 g) -0.195 0.000
(part 2 h ii) -0.593 0.000
(part 4 b) 0.408 0.000
(part 5 a) -0.182 0.000

Table 61: Classification table

Predicted outcome for Y5 question percentage
No Yes correct
. No 230 26 89.8
Observed outcome for Ys question Yes 97 101 78.9
Overall percentage 86.2
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Table 62: Results of binary logistic regression for Yg

Predictors Coefficient  Standard error Wald value  Df P-value QOdds ratio Label
Part2e 22.17 6 0.001

Part 2 e (1) 1.680 1.334 1.59 1 0.208 5.364 X1
Part 2 e (2) 2.051 1.212 2.86 1 0.091 7.772 X5
Part 2 e (3) 1.906 1.190 2.57 1 0.109 6.727 X3
Part 2 e (4) 0.680 1.182 0.33 1 0.565 1.974 Xa
Part 2 e (5) 0.400 1.200 0.11 1 0.739 1.491 Xs
Part 2 e (6) 0.155 1.212 0.02 1 0.898 1.167 Xe
Part2 g -1.231 0.467 6.96 1 0.008 0.292 X7
Part2 hii -2.873 0.469 37.50 1 0.000 0.057 Xg
Part4b 1.007 0.436 5.35 1 0.021 2.737 X
Part5a -0.059 0.015 15.66 1 0.000 0.942 X10
Constant 116.602 29.795 15.32 1 0.000 Lo

With regard to Table 62 the formula of logistic regression related to this part is as

follow:

£(116.60~1.68X1~2.05X2+1.91X3-0.068X4+0.4X5-0.15X5~1.23X7-2.87Xg+1.01X9—~0.06X10)

6 = (4.11)

pe — 1+¢(116.60-1.68X1-2.05X+1.91X3-0.068X4+0.4X5-0.15X5—1.23X7—2.87Xg+1.01X9—0.06X10)

4.2.7 Binary Logistic Regression Y-

Table 63: Description of predictors related to Y-

Predictor (address of the question) Pearson correlation p-value
(part 1 d) -0.145 0.005
(part 2 h i) -0.629 0.000
(part 3 eii) -0.121 0.018
(part 4 b) 0.963 0.000
(part 5 a) -0.144 0.005
(part 5 c) 0.271 0.000

The Negelkerke’s R-square for this binary logistic regression is 0.724.

Table 64: Classification table

Predicted outcome for Y question percentage
No Yes correct
. No 159 5 97.0
Observed outcome for Y question Yes 1 219 99.5
Overall percentage 98.4
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Table 65: Results of binary logistic regression for Y7

Predictors  Coefficient  Standard Wald Df P-value QOdds ratio Label
error value
part1d -0.074 0.056 1.75 1 0.186 0.929
part2 hii -19.765 1952.361 0.00 1 0.992 0.000
part 3 e ii 0.042 0.059 0.50 1 0.481 1.043
part4b 39.924 3094.716 0.00 1 0.990 2.180E+17
part5a -0.008 0.043 0.03 1 0.859 0.992
part5c 0.101 0.038 7.11 1 0.008 1.106 X1
Constant 134.991 2403.155 0.00 1 0.955
. e(0.101X1)
) XTI %)) (4.12)

Related question to Part 4 b is “Have you ever had any low back trouble?”” Since the
logic of this question is highly related to the dependent variable (those who have
LBP during last 12 month will definitely answer this question “Yes”) we added
another regression without considering part 4 b as a predictor and the results are as

below:

Table 66: Classification table

Predicted outcome for Y, question percentage
No Yes correct
. No 140 24 85.4
Observed outcome for Y, question Yes 24 196 89.1
Overall percentage 87.5

The Negelkerke’s R-square for this binary logistic regression is 0.639. It is obvious
that by neglecting a significant predictor from the regression, the Negelkerke’s R-

square would be reduced.
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Table 67: Results of binary logistic regression for Y; without Part4b

Predictors  Coefficient  Standard Wald Df P-value QOdds ratio Label
error value

part1ld -0.034 0.021 2.53 1 0.112 0.967

part 2 hii -4.279 0.416 105.85 1 0.000 0.014 Xy
part 3 e ii -0.005 0.020 0.06 1 0.813 0.995

part5a -0.039 0.019 4.14 1 0.042 0.962 X
part5c 0.096 0.014 49.63 1 0.000 1.101 X3
Constant 138.771 35.661 15.14 1 0.000 Lo

e(138.771—4—.279X1—0.039X2+0.096X3)
pr = 1+¢(138.771-4.279X1-0.039X2+0.096X3) (413)

4.2.8 Binary Logistic Regression Yg

The only question that has correlation with the discomfort of buttocks area is part 1

d. This question has a Pearson correlation of 0.112 and the p-value of 0.028.

Table 68: Classification table

Observed outcome for Yg question

Predicted outcome for Yy question percentage
No Yes correct
No 260 0 100
Yes 124 0 0
Overall percentage 67.7

Table 69: Results of binary logistic regression for Yg

Predictors Coefficient  Standard error Wald value  Df P-value QOdds ratio Label
Part1d 0.025 0.012 4,774 1 0.029 1.026 X1
Constant -51.247 23.121 4913 1 0.027 Bo
The Negelkerke’s R-square for this binary logistic regression is 0.611.
e(—51.247+0.025X1)
Ps = 1+e(-51.247+0.025X1) (4.14)
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4.2.9 Binary Logistic Regression Yg

Table 70: Description of predictors related to Yq

Predictor (address of the question) Pearson correlation p-value
(part 1 d) -0.397 0.000
(part 2 d) -0.117 0.022
(part 3 a) 0.306 0.000
(part 4 b) 0.121 0.018
(part 5 a) -0.575 0.000
(part 5 c) 0.213 0.000
(part 5 d) 0.115 0.024

Table 71: Classification table

Predicted outcome for Y, question percentage
No Yes correct
. No 190 22 89.6
Observed outcome for Y, question Yes 17 155 901
Overall percentage 89.8

Table 72: Results of binary logistic regression for Yq

Predictors Coefficient  Standard error Wald value  Df P-value Qdds ratio Label
Part1d -0.007 0.021 0.095 1 0.758 0.993

Part 2 d 0.020 0.012 2.859 1 0.091 0.980

Part3a 0.036 0.006 38.112 1 0.000 1.037 X1
Part4b -0.129 0.310 0.173 1 0.677 0.879

Part5a -0.192 0.025 57.385 1 0.000 0.825 X5
Part5c 0.057 0.013 19.833 1 0.000 1.058 X3
Part5d 1.471 1.291 1.298 1 0.255 4.355

Constant 421.887 49.653 72.193 1 0.000 1.67 E+183 Lo

The Negelkerke’s R-square for this binary logistic regression is 0.567.

£(421.887+0.036X1-0.192X2+0.057X3)

P9 = 1 (a21887+0036X1-0.192X7+0.057X3)

4.2.10 Binary Logistic Regression Y1

Table 73: Description of predictors related to Y3

Predictor (address of the question) Pearson correlation p-value
(part 3 a) 0.136 0.008
(part 5 a) -0.188 0.046
(part 5 e) -0.106 0.038
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Table 74: Classification table

Predicted outcome for Yy, question percentage
No Yes correct
. No 256 1 99.7
Observed outcome for Y., question Yes 98 0 0
Overall percentage 74.2

Table 75: Results of binary logistic regression for Y1q

Predictors Coefficient  Standard error Wald value P-value Qdds ratio Label
Part3 a 0.012 0.004 6.898 0.009 1.012 X1
Part5a -0.017 0.011 2.417 0.120 0.983

Part5c -0.825 0.404 4,183 0.041 0.438 X5
Constant 32.030 21.332 2.254 0.133 8.136E+13

The Negelkerke’s R-square for this binary logistic regression is 0.056.

The significant predictors of ankles are the hours that they were exposed to WBV in
week and their weight; however, the coefficient related to the weight of the drivers is
negative and it means that by increase of weight the probability of reporting

musculoskeletal discomfort would decrease. Such an odd outcome could be the result

of low prevalence of musculoskeletal discomfort among drivers.

According to Figure 1 prevalence of ankles is only 26%. This would consequently

causes a lower Negelkerke’s R-square as well.

¢(0.012X1-0.825X7)

P1o= 1+¢(0.012X1-0.825X7)
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4.2.11 Binary Logistic Regression Y1,

Table 76: Description of predictors related to Y3

Predictor (address of the question) Pearson correlation p-value
(part 1 d) -0.215 0.000
(part 2 €) -0.103 0.044

Dramatically uncomfortable (1)

Very uncomfortable 2)

Uncomfortable 3)

Normal 4)

Comfortable (5)

Very comfortable (6)

Extremely comfortable @)
(part 2 h ii) -0.259 0.000
(Part 3 a) 0.168 0.001
(part 4 b) 0.339 0.000
(part 5 a) -0.257 0.000
(Part 5 c) 0.144 0.005

Table 77. Classification table

Predicted outcome for Y; question percentage

No Yes correct
. No 20 25 44.4
Observed outcome for Y,; question Yes 10 399 971
Overall percentage 90.9
Table 78: Results of binary logistic regression for Y3
Predictors Coefficient  Standard error Wald value  Df P-value QOdds ratio Label
Part1d -0.005 0.04 0.018 1 0.893 0.995
Part2e 8.837 6 0.183
Part 2 e (1) 0.850 1.46 0.339 1 0.560 2.340
Part2 e (2) 1.345 1.36 0.980 1 0.322 3.837
Part 2 e (3) 0.376 0.99 0.144 1 0.705 1.457
Part 2 e (4) -0.181 0.94 0.037 1 0.847 0.834
Part 2 e (5) -0.919 0.92 0.992 1 0.319 0.399
Part 2 e (6) 0.240 0.95 0.063 1 0.801 1.271
Part2 hii -1.275 0.60 4,525 1 0.033 0.279 X1
Part 3 a 0.027 0.01 11.062 1 0.001 1.028 X5
Part4b 1.981 0.60 10.783 1 0.001 7.252 X3
Part5a -0.105 0.03 9.355 1 0.002 0.900 X4
Part5c 0.033 0.02 3.992 1 0.046 1.034 Xs
Constant 215.502 50.04 18.547 1 0.000 3.904E+93 Lo

The Negelkerke’s R-square for this binary logistic regression is 0.474.

e(215.502-1.275X1+0.027X2+1.981X3-0.105X4+0.033X5)

b= 1+¢(215.502-1.275X1+0.027X+1.981X3-0.105X4+0.033X5)
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4.2.12 Binary Logistic Regression Y1,

Table 79: Description of predictors related to Y,

Predictor (address of the question) Pearson correlation p-value
(part 1 d) -0.361 0.000
(part 2 €) -0.379 0.000

Dramatically uncomfortable (1)

Very uncomfortable 2)

Uncomfortable 3)

Normal 4)

Comfortable (5)

Very comfortable (6)

Extremely comfortable @)
(part 2 f) -0.307 0.000
(part 2 g) -0.103 0.000
(part 2 h ii) -0.128 0.012
(part 3 a) 0.339 0.000
(part 3 e ii) -0.102 0.045
(part 5 a) -0.502 0.000

Table 80: Classification table

Predicted outcome for Y, question percentage
No Yes correct
. No 201 11 94.8
Observed outcome for Y, question Yes 19 153 89.0
Overall percentage 92.2

Table 81: Results of binary logistic regression for Y,

Predictors Coefficient  Standard error Wald value  Df P-value QOdds ratio Label
Part1d -0.052 0.023 5.261 1 0.022 0.950 X1
Part2e 37.725 6 0.000

Part2 e (1) 4,581 1.469 9.724 1 0.002 97.580 X5
Part2 e (2) 5.471 1.211 20.417 1 0.000 237.772 X3
Part 2 e (3) 3.579 1.128 10.066 1 0.002 35.847 Xa
Part 2 e (4) 2.808 1.057 7.054 1 0.008 16.582 Xs
Part 2 e (5) 1.868 1.060 3.104 1 0.078 6.477 X6
Part 2 e (6) 1.197 1.019 1.381 1 0.240 3.310 X7
Part2g -2.759 0.775 12.674 1 0.000 0.063 Xs
Part2 hii -0.249 0.483 0.266 1 0.606 0.780
Part3a 0.018 0.363 0.002 1 0.962 1.018

Part 3 eii 0.057 0.008 47.726 1 0.000 1.059 X
Part5a -0.010 0.023 0.173 1 0.677 0.990
Constant 442.822 54.434 66.179 1 0.000 2.065E+192 o

The Negelkerke’s R-square for this binary logistic regression is 0.706.

o(442.822-0.052X1+4.581X2+5.471X3-3.579X4+2.808X5+1.868X6+1.197X7—2.759Xg+0.057X9)

b2 = 1+ (442.822-0.052X1+4.581X2+5.471X3-3.579X4+2.808X5+1.868X6+1.197X7—2.759Xg+0.057X ) (4-17)
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4.2.13 Binary Logistic Regression Y3

Table 82: Description of predictors related to Y3

Predictor (address of the question) Pearson correlation p-value
(part 1 d) -0.207 0.000
(part 2 f) -0.164 0.001
(part 2 g) -0.124 0.015
(part 3 a) 0.107 0.035
(part 5 a) -0.286 0.000
(part5f) 0.101 0.049

Table 83: Classification table

Predicted outcome for Y3 question percentage

No Yes correct
. No 134 55 70.9
Observed outcome for Y3 question Yes 65 130 66.7
Overall percentage 68.8
Table 84: Results of binary logistic regression for Y3
Predictors Coefficient  Standard error Waldvalue Df  P-value Qdds ratio Label
Part1d -0.009 0.015 0.387 1 0.534 0.991
Part 2 f -1.041 0.373 7.790 1 0.005 0.353 X1
Part2g -0.869 0.321 7.333 1 0.007 0.419 X5
Part3a 0.007 0.004 3.201 1 0.074 1.007
Part5a -0.055 0.014 16.024 1 0.000 0.964 X3
Part5 f 0.318 0.184 2.974 1 0.085 1.374
Constant 128.074 25.093 26.050 1 0.000 4.187E+55 Lo

The Negelkerke’s R-square for this binary logistic regression is 0.188.

e(128.074——1.041X1—0.869X2 —0.055X3)

P13 = [ (128.074-1.041X,-0869X,—0.055X3)

4.2.14 Binary Logistic Regression Yi4

Table 85: Description of predictors related to Y4

Predictor (address of the question) Pearson correlation

p-value

(part 2 f)

-0.115

0.024
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Table 86: Classification table

Predicted outcome for Y4 question percentage
No Yes correct
. No 338 0 100.0
Observed outcome for Y4 question Yes 46 0 0
Overall percentage 88.0
Table 87: Results of binary logistic regression for Y14
Predictors Coefficient  Standard error Wald value P-value Odds ratio Label
Part 2 f -0.877 0.400 4.823 0.028 0.416 X1
Constant -1.253 0.359 12.207 0.000 0.286 Po
The Negelkerke’s R-square for this binary logistic regression is 0.021.
. e(—1.253—0.877X1)
P14 = [ (C1253-0877X7) (4.19)
4.2.15 Binary Logistic Regression Yis
Table 88: Description of predictors related to Y5
Predictor (address of the question) Pearson correlation p-value
(part 1 d) -0.412 0.000
(part 2 hi) -0.110 0.031
(part 5 a) -0.483 0.000
Table 89: Classification table
Predicted outcome for Y5 question percentage
No Yes correct
. No 333 7 97.9
Observed outcome for Y5 question Yes 20 24 545
Overall percentage 93.0
Table 90: Results of binary logistic regression for Y15
Predictors Coefficient  Standard error Wald value Df  P-value Odds ratio Label
Part1d -0.082 0.023 12.362 1 0.000 0.922 X1
Part2hi -19.112 6007.135 0.000 1 0.997 0.000
Part5a -0.178 0.028 41.251 1 0.000 0.837 X,
Constant 511.320 71.635 50.494 1 0.000 1.157E+222 Bo

The Negelkerke’s R-square for this binary logistic regression is 0.546.
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e(511.320-0.082X1-0.178X2)

P15 = 1+¢(511.320-0.082X1—0.178X72) (4'20)

4.2.16 Binary Logistic Regression Y

Table 91: Description of predictors related to Y4

Predictor (address of the question) Pearson correlation p-value
(part 2 €) -0.372 0.000

Dramatically uncomfortable (1)

Very uncomfortable 2)

Uncomfortable 3)

Normal 4)

Comfortable (5)

Very comfortable (6)

Extremely comfortable (7)
(part 2 g) -0.141 0.000
(part 2 h i) -0.543 0.000
(part 4 b) 0.379 0.000
(part 5 @) -0.192 0.000

Table 92: Classification table

Predicted outcome for Y5 question percentage
No Yes correct
. No 244 32 88.4
Observed outcome for Y5 question Yes 31 77 713
Overall percentage 83.6

Table 93: Results of binary logistic regression for Y5
Predictors Coefficient  Standard error Waldvalue Df  P-value Qdds ratio Label

Part2 e 16.407 6 0.012

Part 2 e (1) 20.197 8694.855 0.000 1 0.998 590580515.3 X1
Part2 e (2) 16.518 8694.855 0.000 1 0.998 350733230.2 Xz
Part2 e (3) -0.193 8694.855 0.000 1 0.998 472670071.5 X3
Part2 e (4) 0.031 8694.855 0.000 1 0.998 146163648.8 X4
Part 2 e (5) -1.807 8694.855 0.000 1 0.998 145800550.7 Xs
Part 2 e (6) 0.508 8694.855 0.000 1 0.998 81156745.6 Xs
Part2g -0.569 0.419 1.845 1 0.556 0.249

Part 2 hii -2.859 0.525 29.700 1 0.000 0.057 X7
Part4 b 0.830 0.443 3.506 1 0.061 2.293

Part5 a -0.058 0.015 15.165 1 0.000 0.944 Xsg
Constant 94.410 8694.904 0.000 1 0.991 1.004E+41

The Negelkerke’s R-square for this binary logistic regression is 0.537.

2(20.197X1+16.518X2-0.193X3+0.031X4—1.807X5+0.508X 5 —2.859X7—0.058 Xg)

P16 — 1+e(20.197X1+16.518X2—0.193X3+0.031X4—1.807X5+0.508X5—2.859X7—0.058Xg) ( : )
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4.2.17 Binary Logistic Regression Y7

Table 94: Description of predictors related to Y47

Predictor (address of the question) Pearson correlation p-value
(part 1 d) -0.152 0.003
(part 2 h ii) -0.577 0.000
(part 3 e ii) -0.116 0.024
(part 4 b) 0.843 0.000
(part 5 a) -0.111 0.030
(part 5 c) 0.226 0.000
(part 5 d) -0.111 0.030

Table 95: Classification table

Predicted outcome for Y7 question percentage
No Yes correct
. No 157 30 84.0
Observed outcome for Y7 question Yes 1 105 99.5
Overall percentage 91.9

Table 96: Results of binary logistic regression for Y7
Predictors Coefficient  Standard error Waldvalue Df  P-value Qdds ratio Label

Part1d -0.055 0.025 4.744 1 0.029 0.964 X1
Part2 hii -1.458 0.448 10.576 1 0.001 0.233 Xz
Part 3 eii -0.006 0.026 0.048 1 0.827 0.994

Part4 b 6.243 1.041 35.954 1 0.000 514.390 X3
Part5a 0.027 0.020 1.896 1 0.169 1.028

Part5c 0.015 0.015 1.052 1 0.305 1.015

Constant 51.438 45.740 1.256 1 0.261 2.185E+22

The Negelkerke’s R-square for this binary logistic regression is 0.804.

e(—0.055X1-1.458X2+6.243X3)

(4.22)

P17 = [ (C0055X; -1.458X5+6243X3)

The same as Y7, Y17 is run one more time without considering the part 4 b question

in the model and the results as follows:
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Table 97: Classification table

Predicted outcome for Y7 question percentage
No Yes correct
. No 150 37 80.2
Observed outcome for Y., question Yes 38 158 80.6
Overall percentage 80.4

Table 98: Results of binary logistic regression for Y7

Predictors Coefficient  Standard error Wald value  Df P-value Qdds ratio Label
Part1d -0.047 0.019 6.104 1 0.013 0.955 X1
Part2 hii -3.253 0.319 103.670 1 0.000 0.039 X
Part 3 eii -0.005 0.018 0.087 1 0.768 0.995

Part5 a -0.007 0.016 0.184 1 0.668 0.993

Part5c 0.064 0.011 33.454 1 0.000 1.066 X3
Constant 103.108 30.777 11.223 1 0.001 6.016E+44 Bo

The Negelkerke’s R-square for this binary logistic regression is 0.520.

e (103.108-0.047X1—3.253X2+0.064X3)

P17 = T 031000047 Xy 3 253 X5 T0.069%3) (4.23)
4.2.18 Binary Logistic Regression Yig

According to Pearson correlation test, there is not any significantly correlated
variable for this model; therefore, since there is no predictor to input for the binary
logistic regression, no results is shown for the buttocks area discomfort during the
last 7 days.

4.2.19 Binary Logistic Regression Yig

Table 99: Description of predictors related to Yo

Predictor (address of the question) Pearson correlation p-value
(part 1 d) -0.376 0.000
(part 3 a) 0.262 0.000
(part 4 b) 0.130 0.011
(part 5 a) -0.528 0.000
(part 5 c) 0.189 0.000
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Table 100: Classification table

Observed outcome for Y,q question

Predicted outcome for Yo question percentage
No Yes correct
No 205 30 87.2
Yes 43 106 71.1
Overall percentage 81.0

Table 101: Results of binary logistic regression for Yo

Predictors Coefficient  Standard error Wald value  Df P-value Qdds ratio Label
Part1d -0.020 0.018 1.204 1 0.273 0.981

Part3 a 0.026 0.005 25.842 1 0.000 1.026 X1
Part4b 0.009 0.286 0.001 1 0.975 1.009

Part5a -0.142 0.020 51.728 1 0.000 0.867 X
Part5c 0.046 0.011 18.279 1 0.000 1.047 X3
Constant 312.981 38.011 67.798 1 0.000 8.430E+135 Bo

The Negelkerke’s R-square for this binary logistic regression is 0.498.

e(312.981—0.026X1—0.142X2 +0.046X3)

P19 = 14¢(312.981-0.026X1-0.142X2+0.046X3)

4.2.20 Binary Logistic Regression Y
According to Pearson correlation test, there is not any significantly correlated
variable for this model; therefore, since there is no predictor to input for the binary

logistic regression, no results is shown for the buttocks area discomfort during the

last 7 days.

4.3 REBA Outcomes
The first position is selected based on the most awkward posture of the heavy truck
drives body. Figure 13 shows the most awkward posture among drivers. Drivers use

this position in order to see or reach and grab something under the container of their

trucks.
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The REBA score for this position is calculated as follow:

Step 1. The neck position is bended less than 20 degree, twisted and side bended;
therefore, neck score is 3.
Step 2. Trunk is bended more than 60 degree, twisted and side bended; thus,

trunk score is 5.

4 A

Figure 13: The most awkward position observed

Step 3. Legs are not adjusted, and both bended more than 60 degree; so, score of
the legs is 4.

Step 4. Table A of the REBA worksheet demonstrates the poster score. The
posture score A is equal to 9.

Step 5. Since there is not any load on this posture, Force/Load score is 0.

Step 6. By adding the value of step 4 and 5 together the result is equal to 9.
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Step 7. Shoulder is abducted, raised and lifted more than 90 degree; therefore, the
score is 6.

Step 8. Lower arm is bended between 60 and 100 degree; therefore, lower arm
score is 1.

Step 9. Both wrists are bended more than 15 degrees; so, the score is 2.

Step 10. According to steps 7- 9 Table B score is 8.

Step 11. The hand hold is fair; thus, one point must be added to Table B score.
The score B is equal to 10.

Step 12. Table A and B would results the Table C score; for this posture this
score is 12.

Step 13. Since this position causes rapid changes in drivers’ body posture and is
unstable base, one more point must be added to Table C. Consequently, the

REBA score related to this position is 13.

This REBA score is higher than 11 and this category of needs for immediate change

or improvement in order to prevent any musculoskeletal discomfort. Figure 14

represents the improvement of Figure 13 position.

13 steps of the worksheets are run for this updated version which is as follows:

Step 1. The neck is in exertion and the score related to it is 2.

Step 2. Trunk is bended more than 60 degrees; thus, trunk score is 4.

Step 3. Legs are adjusted, and both bended more than 60 degree; so, score of the
legs is 2.

Step 4. Table A of the REBA worksheet demonstrates the poster score. The

posture score A is equal to 6.
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Figure 14: The most awkward position observed (improvement)

Step 5. Since there is not any load on this posture, Force/Load score is 0.

Step 6. By adding the value of step 4 and 5 together the result is equal to 6.

Step 7. Shoulder is lifted between 45 and 90 degree; therefore, the score is 4.

Step 8. Lower arm is bended less than degree; therefore, lower arm score is 2.
Step 9. Wrists are within + 15 degrees; so, the score is 1.

Step 10. According to steps 7- 9 Table B score is 5.

Step 11. The hand hold is good; thus, no point needed be added to Table B score.
The score B is equal to 5.

Step 12. Table A and B would results the Table C score; for this posture this

score is 8.
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e Step 13. Since this position causes rapid changes in drivers’ body posture and is
unstable base, one more point must be added to Table C. Consequently, the

REBA score related to this position is 9.

This position reduced 5 points from the Figure 13 position and changed the category
from fifth to forth category. But it should be mention that further investigation is

needed and changes must be improved even more.

Figure 15 demonstrates the position in which most louds must be handled by truck

drivers.

For this position, it has been observed that the truck drivers carry more than 20
Kilograms (Kg) of weight as a tool box for maintenance of the truck. They mostly
put the toolbox on their shoulders and support it with their hand. In order to balance
their body mass they bend their entire body to the opposite side which causes a bad

posture to carry heavy weights.

The REBA score for this position is calculated as follows:

e Step 1. The neck is side bended; therefore, neck score is 1.

e Step 2. Trunk is side bended; thus, trunk score is 2.

e Step 3. Legs are not adjusted; so, score of the legs is 2.

e Step 4. Table A of the REBA worksheet demonstrates the poster score. The
posture score A is equal to 3.

e Step 5. Since drivers carrying weights more than 22 Ibs. (>10Kg), 2 points must
be considered.

e Step 6. By adding the value of step 4 and 5 together the A score is equal to 5.
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Figure 15: The heavy weight posture

Step 7. Shoulder is raised, abducted and located in the range of 45 to 90 degree
comparing to the middle body; therefore, the score is 5.

Step 8. Lower arm is bended more than 100 degrees; therefore, lower arm score
is 2.

Step 9. Wrist is exceeded 15 degree range; so, the score is 2.

Step 10. According to steps 7- 9 Table B score is 8.

Step 11. The hand hold is not acceptable but possible; thus, 2 points needed to be
added to Table B score; so, B score is 10.

Step 12. Table A and B would results the Table C score; for this posture this

score is 9.
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e Step 13. Since this position causes sudden changes in drivers’ body posture
(lifting the weight up to shoulders height), one more point must be added to

Table C. Consequently, the REBA score related to this position is 10.

The REBA score of 10 counts as a high risk position and changes must be

implemented on it. Figure 16 shows the improved posture of this specific posture.

Figure 16: The heavy weight posture (Improved)

The REBA score for this position is calculated as follows:
e Step 1. The neck is side bended; therefore, neck score is 1.
e Step 2. Trunk is side bended; thus, trunk score is 2.

e Step 3. Legs are not adjusted; so, score of the legs is 2.

91



Step 4.Table A of the REBA worksheet demonstrates the poster score. The
posture score A is equal to 3.

Step 5. Since drivers carrying weights more than 22 libra (Ibs.) (>10Kg), 2 points
must be considered.

Step 6. By adding the value of step 4 and 5 together the result is equal to 5.

Step 7. Shoulder is raised and located in 20 degree of the middle; therefore, the
score is 2.

Step 8. Lower arm is bended less than degree; therefore, lower arm score is 2.
Step 9. Both wrists are within the range of 15 degrees in each side; so, the score
is1.

Step 10. According to steps 7- 9 Table B score is 2.

Step 11. The hand hold is not acceptable but possible; thus, 2 points needed to be
added to Table B score and therefore B score is 4.

Step 12. Table A and B would results the Table C score; for this posture this
score is 5.

Step 13. Since this position causes no rapid changes in drivers’ body posture and
is stable base, no more point must be added to Table C. Consequently, the REBA

score related to this position is 5.

This posture is categorized as medium risk position and soon must be changed.

However, 5 points have already reduced comparing to Figure 15.
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Figure 17: The most constant position

The most constant and the main posture of the truck drives is gathered in Figure 17.
This position is when the drivers are behind the wheel. Since drivers must be in the
same position for most of the working hours, implementing the improvement is very

critical for this position.

The REBA score for this position is calculated as follows:

e Step 1. The neck is bended within the range of 10 to 20 degree; therefore, neck
score is 1.

e Step 2. Trunk is bended more than 60 degrees; thus, trunk score is 4.

e Step 3. Legs are not adjusted and both legs are bended more than 60 degrees;
thus, score of the legs is 4.

e Step 4. Table A of the REBA worksheet demonstrates the poster score. The score

of Table A is equal to 7.
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e Step 5. One point must be considered since drivers are exposed to WBV.

e Step 6. By adding the value of step 4 and 5 together the A score is equal to 8.

e Step 7. Shoulder is abducted and located in the range of 45 to 90 degree
comparing to the middle body; therefore, the score is 4.

e Step 8. Lower arm is bended less than 60 degrees; therefore, lower arm score is 2.

e Step 9. Wrists are exceeded 15 degree range and also bended from the middle; so,
the score is 3.

e Step 10. According to steps 7- 9 Table B score is 7.

e Step 11. The steering wheel handled perfectly; thus, no more points needed to be
added to Table B score; so, B score is 7.

e Step 12. Table A and B would results the Table C score; for this posture this
score is 10.

e Step 13. Since this position requires repeated small actions and the body must be
hold in a constant position, two more points must be added to Table C.

Consequently, the REBA score related to this position is 12.

Score 12 would put this position in the very high risk category and changes must be
implemented immediately. Since there is not enough space to change the
characteristics of this position the only improvement is applied about the grapping of

steering wheel. This improvement is illustrated in Figurel9.
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Figure 18: The most constant position (improved)

The REBA score for this position is calculated as follows:

e Step 1. The neck is bended within the range of 10 to 20 degree; therefore, neck
score is 1.

e Step 2. Trunk is bended more than 60 degrees; thus, trunk score is 4.

e Step 3. Legs are not adjusted and both legs are bended more than 60 degrees;
thus, score of the legs is 4.

e Step 4. Table A of the REBA worksheet demonstrates the poster score. The score
of Table A is equal to 7.

e Step 5. One point must be considered since drivers are exposed to WBV.

e Step 6. By adding the value of step 4 and 5 together the A score is equal to 8.

e Step 7. Shoulder is located in the range of 20 degree comparing to the middle

body; therefore, the score is 1.
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e Step 8. Lower arm is bended between 60 to 100 degrees; therefore, lower arm
score is 1.

e Step 9. Wrists are exceeded 15 degree range and also bended from the middle; so,
the score is 3.

e Step 10. According to steps 7- 9 Table B score is 3.

e Step 11. The steering wheel handled perfectly; thus, no more points needed to be
added to Table B score; so, B score is 3.

e Step 12. Table A and B would results the Table C score; for this posture this
score is 8.

e Step 13. The same as last position, two points must be added to Table C.

Consequently, the REBA score is 10. Comparing to the last position 2 points has

been reduced and this score stays in high risk position instead.
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Chapter 5

DISCUSSION

Related to first hypothesis which claims that there is an association between smoking
status and discomfort of low back area which has been reported during the last 12
months among truck drivers, no association has been found between smoking and
discomfort of lower back area (chi-square=0.414, P-value=0.813). However, the
results retrieved by Ernst (1993) and Kilbom et al. (1996) show the association
between smoking habit and LBP. But, they have already mentioned that it is unlikely

for smoking to be the only factor of LBP.

In one hand, second hypothesis claims the association between weekly hours of
exposure to vibration and discomfort of low back area which has been reported
during the last 12 months among truck drivers. But, there was not enough evidence
for the significant relation (chi-square=3.639, P-value=0.303). On the other hand, on
several studies the association of these two factors has already been concluded
(Bernard and Putz-Anderson, 1997; Bovenzi and Hulshof, 1998; Lings and
Leboeuf-Yde, 2000; Mirzaei and Mohammadi, 2010; Sang et al., 2010). This
outcome could be caused by validation of the WBYV part of the questionnaire. Since
the interviewees where exposed to the vibration variously, the estimation could not
be accurate enough for the WBV exposure. It is good to mentioned that in the study
of Robb and Mansfield (2007), the distant factor is found more likely to be

associated with MSDs than hours of exposure to vibration. However, the distance
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factor is not mentioned in their questionnaire; therefore, such information has not

been collected from participants in this study.

Hours of exposure to vibration are associated with neck and shoulders discomfort of
Iranian truck drivers (for neck: chi-square=54.568, p-value=0.000 and for shoulders:
chi-square=31.811, p-value=0.000). This result is opposing to the other studies

(Bernard and Putz-Anderson, 1997; Bovenzi and Hulshof, 1998).

Although Raanaas and Anderson (2008) has found the association between BMI and
nightshift in their study, this association was not observed among heavy truck

drivers of Iran (Fisher’s exact=6.283, P-value=0.084).

The same as outcome in study of Robb and Mansfield (2007), most of the drivers are
suffering from the lower back discomfort in Iran. According to Figure 1, out of 384
drivers who participated to this study 57% of them are experienced discomfort in
their lower back area. A bar-chart with regards to this problem has been
demonstrated about the prevalence of lower back discomfort. This chart has been
illustrated by Robb and Mansfield (2007) as well. Figure 19 illustrates the prevalence

of lower back discomfort of this study among others.

Figure 19 is sorted by the percentage of prevalence and as it is clarifies, Iranian truck
drivers are ranked in 15th place (red bar). In this figure the studies were sorted from
highest to lowest prevalence. It must be mentioned that Point Prevalence (PP),

Regular (REG) and last 12 months (12m) are used by their abbreviations.
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Studies

(Parter and Gyi, 2002) All drivers, PP |

(Bovenzi and Hulshof, 1998; Porter et al., 1992) Controls |
(Schwarze et al., 1998) Low exposure, PP |

{Boshuizen et al., 1990) Forklift truck + Fright tractor drivers, REG |
(Bongers et al., 1990) Wheel loaders, REG |

(Boshuizen et al., 1990) Tractor drivers, REG |

(Magnusson et al., 1996) Truck drivers, PP |

(Bongers et al., 1990) Helicopter pilots, RGE |

(Johanning, 1991) Subway train operators, PP |

(This study, 2015) Truck drivers, 12m |

[Bovenzi and Hulshof, 1998) Vibration exposed, 12m |

[Schwarze et al., 1998) Medium exposure, PP |

(Robb and Mansfield, 2007b) Truck drivers, 12m |

(Schwarze et al., 1998) Truck drivers, PP |

(Magnusson et al., 1996) Bus drivers, PP |

(Brendstrup and Biering-Serensen, 1987) Forklift Truck drivers, 12m |
[Porter and Gyi, 2002) Business drivers, PP |

(Mansfield and Marshall, 2001) Rally drivers, PP |

(Schwarze et al., 1998) High exposure, PP |

(Brendstrup and Biering-Serensen, 1987) Forklift truck drivers, LP |
(Bovenzi and Betta, 1994) Tractor drivers, LP |

(Bovenzi and Zadini, 1992) Bus drivers, LP |

(Videman et al., 2000) Rally drivers, 12m |

(Burton and Sandover, 1987) F1 drivers |
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Figure 19: Prevalence of low back discomfort by studies

It was also revealed that by increasing of age, prevalence of musculoskeletal
discomfort among truck drivers has been raised. Gangopadhyay et al. (2012) and
Kilbom et al. (1996) have concluded the same results for the association of age and
MSDs. The intensity of pain is highly associated with hours of which the drivers
were prevented from work. In addition, experience of accident and weekly hours of
exposure are highly associated with the number of body parts drivers experienced

discomfort. The same results has been revealed by Robb and Mansfield (2007).

5.1 Limitation of this Study

Exposure to vibration most of the hypotheses outcomes in this research are in
contrast with other studies. In order to find a better answer related to this factor more
precise measurements are needed. Other than that, using an estimation of hours of

exposure would not give an accurate outcome since the question contains materials
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which need interviewees to be well educated and this situation is not available among

truck drivers of Iran.

Multinomial logistic regression model showed that, the prevalence of
musculoskeletal discomfort is low, the variety of outcomes for different predictors
are too low to be investigated. For instance in the ankles area the Negelkerke‘s R-
square is 0.056 which is very low and it means that this model can explain 5.6% of
the whole population (Bewick et al., 2005). A much higher sample size would

prevent such outcomes and would give more precise prediction.
5.2 Future Work

Cross sectional studies are limited with regards to their validation. Also, they are not
able to investigate the effect of one or more factors on a dependent variable. In order
to figure out this effect, more validated studies are needed to be installed for this
study; although, it should be mentioned that cross sectional studies are very useful
for creating hypotheses. For those hypotheses which there are evidence of significant

associations, studies like Cohort and Case control can be implemented.

WBV have not been investigated completely in this research. The only question
related to this force is the hours that drivers were on the truck and the engine was on.
Instrumental assessment could be implemented for the better results related to this

factor and its relation with musculoskeletal discomfort among truck drivers.

Iranian taxi drivers are the other population that this methodology could be applied
on. Since they are exposed to physiological, psychological and psychosocial factors
the same as truck drivers; prevalence of musculoskeletal among them must be

investigated.
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Chapter 6

CONCLUSION

This study has been implemented in order to investigate the musculoskeletal
discomfort among truck drivers. Three basic factors of physiological, psychosocial
and psychological are associated with these types of trouble. So far there has not
been any research about the truck drivers and their musculoskeletal troubles in Iran.
This research used 384 samples among them and it could be a good data base for

further investigations.

Since the data has been collected in a specific time and there were no track of
participants in a period of time, this study was limited to only finding the relation
between factors. In other words, it is not clear whether factor A for example effects
factor B or vice versa. The only clear claim is that factor A and B are associated with
each other. However, cross sectional studies are able to be vastly analyzed different
relationships among different factors. In another way, at the beginning of these types
of methods, there are no certain outcomes expected. Since the same studies have
already been applied in different geographical regions, some expectations with
regards to them could be created before the data collection. In this study, 14
hypotheses have been claimed with regards to the previous researches and their
outcomes. But, it does not necessarily mean that the same outcomes must be

expected, which is already happened among these 14 hypotheses.
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The type | error for all the hypotheses were set as 0.05 and those p-values which
were less than 0.05 represent the significance of the related data. The findings of the

thesis are explained as below.

Hi: No association has been found between smoking and low back discomfort. The
method to test the related hypothesis was chi-square test of independence where the

chi-square value and the p-value were 0.414 and 0.813 respectively.

H,: There was not enough evidence to reveal an association between hours of
exposure and the lower back discomfort. Chi-square test of independence was used
to investigate the related hypothesis and the chi-square value and p-value were 3.639

and 0.303 in the order.

Hs: Neck discomfort was significantly associated with the hours of exposure to
vibration. With chi-square value 54.568 and p-value of 0.000, the significant relation

has been concluded.

H,4: The significant association between shoulders and hours of exposure to vibration
is concluded from the chi-square test of independence. Chi-square value was 31.811

and the p-value was 0.000.

Hs: By the use of binomial proportion test, it was determined that most of the drivers

were suffer from lower back discomfort in Iran. (p = 0.5 and p-value = 0.001)
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Hs: there was found no relation between the BMI of the truck drivers and night shift
working. Fisher’s exact method was used where the chi-square value and the p-value

related to this hypothesis were 6.283 and 0.084 respectively.

H7: with Fisher’s exact value of 38.789 and p-value of 0.000 for this hypothesis it
was concluded that there is a significant relation between BMI and prevalence of
lower back discomfort. According to Figure 5, by the increase of BMI among the

truck drivers, the prevalence of lower back discomfort was increased.

Hg: A significant difference was found between different age categories and the
prevalence of musculoskeletal discomfort among truck drivers (Welch value = 48.10

and p-value = 0.000).

Ho: It was concluded that there is a significant relation between the intensity of pain
in lower back area and the days being prevented from the work (Fisher’s exact value

= 15.316 and p-value = 0.012)

Hio: Drivers, who experienced accident, significantly reported more body parts that

they had trouble (F-value = 18.187 and p-value = 0.000).

Hi:: By the increase of hours of exposure to vibration, there was a significant
increase of number of body parts drivers experienced discomfort (F-value = 8.335

and p-value = 0.000)

Hi,: there was a significant relation between discomfort of neck area and the seat

comfort. (Chi-square value = 57.949 and p-value = 0.000). According to Figure 10,
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drivers who found their driver seats more comfortable were reported less discomfort

of neck area.

Hi3: seat comfort was significantly associated with the discomfort of shoulders. The

Fisher exact value related to this hypothesis was 39.187 and the p-value was 0.000.

Hi4: with chi-square value of 151.839 and p-value of 0.000 a significant relation
between lower back pain and lumber support of driver’s seat was concluded.
According to Figure 12 drivers whom lumber support utilized on their seat

experienced less low back discomfort.

By the use of logistic regression method significant mathematical models have been
developed among Table in part4a of the questionnaire as the dependent variables and

rest of the questions as predictors or independent variables.

Seat comfort is highly correlated with neck, shoulders and upper back areas. Drivers,
who ranked higher points to their seat comfort, are less likely to report discomfort or

problem in mentioned areas.

Age factor is also a significant predictor for the discomfort of neck, shoulder,
elbows, wrists, upper back and knees. It is good to mention that, odds ratio is

calculated by the formula 5.1.

Prob(Event)

Odds ration =
1-Prob(Event)

(5.1)
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With odds ratios between 0 and 1, in binary logistic regression for age factor, it can
be concluded that by the increase of date of birth, the likelihoods of reporting
problem in neck, upper back and knees areas would decline. Since the multinomial
logistic regression method is applied for shoulders, elbows and wrists, in which the
reference of the comparison is the last category of the dependent variable (yes in both
sides), more complex relation between age and the likelihood of discomfort, were

observed.

Other than hypothesis testing method, since the data were mostly categorical, logistic
regression method was used as well. This method helps to assess more deeply about
the relations of different variables with each other. Also, a mathematical formula was
created in order to have significant predictions with regards to the probability of
having discomfort in a specific part of truck drivers” body. Moreover, Odds ratios
collected from this survey were perfect and clear estimation of correlations among

these factors.

Ironically, some factors were rarely expected to be significant predictors of
musculoskeletal discomfort; however, the results demonstrate different perspective.
For instance, weight of the truck drivers were highly correlated with the discomfort
of lower back, knees and ankles. In opposite, working on nightshift was not

associated with any musculoskeletal discomfort.

The questionnaire of this study was not able to cover the WBV factor correctly and
in some cases different results were achieved which were not expected. For example
there found no significant relation with WBYV and lower back discomfort. Moreover,

BMI is one of the most important factors which should be included in the
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questionnaire. Although it is not easy for participants to give such information, it can

be easily calculated with the height and weight of each individual.

In the last part of the study REBA survey was implemented on different positions
related to this occupation. Some unexpected outcomes have been estimated by the
use of this method. Since truck drivers were mostly on the seating position for a long
period of time, lots of ergonomic implementations are applied on the driver seat, yet
the drivers are in danger of awkward posturing and its consequences. In addition,
because there is not enough freedom behind the wheel for these occupational truck
drivers, high concentration must be applied in order to improve such an issue in near

future.

This study was able to achieve significant associations and correlations among
different factors which may cause musculoskeletal discomforts in long term periods.
And by using these associations and results assessment of reducing risk factors

related to this issue can be implemented in the future.

At the end, collecting ergonomic information and implementing solutions with
regards to possible problems in different occupation could results a better job

efficiency and also more healthy population.
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Appendix A: Updated Version of NMQ

WORK

1a. Are you currently employed?

miimf S

Yes

b. If Yes, what was your main occupation
during the past week?

c. In what industry did you carry out this
occupation? (eg. farming, quarrying, road
haulage)

d. On what date did you start in this
industry?

Month (if known): ___ Year:

e. Does an average day involve lifting or

moving weights of:
L] I:I

i). 20 Ibs (10 kg)

ormc oy hand Yes

ii). 56 Ibs (25 kg) il I

or more by hand Yes No

iii). Work on a night shift [ | [ ]
Yes No

VIBRATION EXPOSURE

2a. During the past week, did you drive,
ride or stand on any kind of vehicle or
machine at work?

O O

Yes

If Yes, please give the following
information:

b. Vehicle type(s) (eg. car, agricultural tractor,
HGV, bus, off-road vehicle efc) :

c. Make(s) and model(s) of vehicle(s) (eg.
Scania 143, Mercedes Atego, if known):

d. Year(s) of manufacture (if known):

e. For the vehicle you used most, please
circle or mark the seat comfort on the

following 1-7 scale:

Very Very
Comfortable 112(3]4/5/67 Uncomfortable

f. Does the vehicle you used most have a
suspension seat?

-

Yes

g. If Yes, do you find this easy to adjust?

L1 [

Yes
h. Does the drivers seat of the vehicle used

most have:
[] IZI

i) armrests?

Yes
ii) an adjustable
lumbar support IY:JS D

3a. For those machines or vehicles that you
heve just mentioned, we would like to know the
total number of hours (or minutes) that you
drove / rode / stood on them over the whole
week. (please count only the time that the ENGINE
WAS RUNNING or POWER ON. If you cannot give
the exact time, please give your best estimate).

Ti :
Name of machine / vehicle: WHRtRed 8

typical week:
1. L]

hours mins
2 L]

hours mins
3.

hours mins
4,

hours mins

b. Was the time you spent over the past week
riding / driving / standing on such machines
typical of the job?

[] [] L]

Not applicable Yes No
(don't ride or
drive vehicle or
machine)

c. If No, in what way was it unusual?
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4a. Musculoskeletal problems

(Answer only if you have had trouble)

Have you at any Have you at Have you
d. In your main job, do you ever ride on / drive time during the any time had trouble
/ stand on any other vehicles or machines that h{:ds:ru’;lm(':;‘s d‘;g"g;‘:‘eﬁ"m atany time
cause vibration or frequent jolting that you can e d?suco;fon) l Chn dulr:;% ;he
feel (eg. vehicles only used occasionally or " Neck, | prevented days?
at certain times of the year)? Shoulders from doing
Elbows your normal
D D Wrists /Hands | work (at home
Yes No Upper back or BI;NBY from
o - . ome,
If Yes, which vehicles / machines? " " mL;r';'tﬁzcga %) because) of
One or both the trouble?
hips / thighs
e. In your spare time (ie. outside work and o”gﬁ;%‘i'g;::ees
going to and from work, please estimate the ankles / feet
total number of hours (or minutes) you spent
driving or riding in the vehicles listed below. ] No [ ~o [ nNo
If you cannot give the exact time, please ] ves [ ves [ Yes
give your best estimate. O
No ] No O no
[ ves, inright |[] Yes [] ves
Carorvan [ J[ Jtain [ ][ ] i
hours mins hours mins O :t?;xllt;]elfﬂ
Yes, in both
Bus or Coach :":I Motorcycle| ” | shoulders
hours mins hours mins D No I:l No D No
Yes, in right [ Yes [ ves
HEALTH el
[] Yes, inleft
elbow
Neck D e ™"
Shoulders :’ﬁzt“ [ No [ No [ No
ands
Upper back Yes,inright |[] Yes [ Yes
Elbows wrist/hand
Low back [ Yes,in 'eg
Wrists / hands :/rnsuhagdh
es, In
Hips / thighs / wrists/hands
buttocks gpp:r D No D No D No
aci
Knees [ ves [ ves [ Yes
t::’:r D No D No |:| No
Ankles / feet
(smallof |[] Yes [ Yes [ Yes
the back)
|:| No E] No D No
In the picture you can see the [] Yes [] Yes [] Yes
approximate position of the parts of the
body referred to. Limits are not sharply
defined and certain parts overlap. You [ No [ Ne [ No
should decide for yourself in which part [ ves ] ves ] Yes
you have or have had trouble (if any). g& or ] No [] W [ No
ankles / [ ves [ ves [ ves
feet
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b. Have you ever had any low back trouble
(ache, pain, numbness or discomfort)?

0 O B

Yes
c. Have you ever hurt your low back in an
accident? D D

Yes
d. If Yes, was the acc;dent at work?

-

Yes
what was the approxnmate date of the

accident? [:":]

month year
d. Have you ever had to change jobs or
duties because of low back trouble?

g

Yes

e. What do you thlnk brought on this problem

with your back?
[] ActivityatWork [ ]

Sporting Activity || Other (please D
Activity at Home [_] specify)

Accident

f. How bad was the pain during the worst

episode?
L] ]

Mild Severe Very, Very
) . Severe
g. What is the total length of time you have

had low back trouble during the last 12
months?

0 days If 0, please go
fo Q5a.

1-7 days

8-30 days

More than 30 days,
but not every day

O oo

Every day

h. Has low back trouble caused you to
reduce your activity during the last 12

months?
] O

i) work activity

- . kY Yes No
ii) leisure activity D
Yes No

i. What is the total length of time that low
back trouble has prevented you from doing
your normal work (at home or away from
home) during the last 12 months?

0 days |:]
1-7 days []
8-30 days ]

More than 30 days D

j- Have you been seen by a doctor,
physiotherapist, chiropractor or other such
person because of low back trouble during the
last 12 months?

Yes No
k. Please give details of any issues regarding

vibration and back pain that have not been
discussed by this questionnaire:

DETAILS
5a. Please fill in your |:”:":]
date of birth: day month year
b. Sex: |:| I:I
male female
c.Whatis yourweight? | | [ |or| |
stones pounds kg
d. What is your height? | | lor| |
feet inches cm

e. Are you right or left handed?

[] [ []

right left able to use both
hands equally
f. Are you a:
smoker non-smoker ex-smoker
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Appendix B: Sample of NIOSH Symptoms Survey

Tray 44 Symptomsa Survey Form

Symptoms Survey: Ergonomics Program

Date s !
Job Meme

Flant Dept#

years monthe
Snift Houre worked weak Timeon THIS Joo

Gither jobe you have done in the last yesr {for mera then 2 wasks)

monthe WaakE
Flant Dapt # Job Name Time on THIS Job

monthe WeBKE
Flant Dept# Job Name Time on THIS Job

{If more than 2 joba, Include thoee you worked on the moet)

Have you had any paln or dlecomfort durlng the lest year?

O ves O no (1f NO. Btop here)

It ¥ES, carafully anede In sres of the drawing which bothers you tha MOST.

Fraont Back

{Contlnuad)
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Tray 4-A {Continued).

(Complete a separate page for each area that bathers you}

Check Area: [ Mack [Shoulder [JElbow/Farearm O Handiwrist DFingers

OupperBack LawBack [ Thightknee [JLow Leg [ Ankle/Foot
1. Please put a check by the words(s) that best describe your problem

O aching O Mumbnass {aslaap) DTininng
O Burning O rain 0 waakness
O Gramping O swelling O other
O Lass of Calor [ stiffness
2. When did you first notice the problem? {manth) [wear)
3. How long does each episode last? (Mark an X along the line)
d / 7 /. s
1 hour 1day 1week 1month & months

4. How many se parate episodes have you had in the last year?

5. Whatdo you think caused the problem?

6. Have you had this problem in the last 7 days? O ves O Ne

7. Howwaould you rate this problem? {mark an X an the line)
NOW

Manea Unbearable
When itis the WORST

Mona Unbearable

8. Have you had medical treatmant for this problem? Oves ONe
Ba. If NO, why not?

Ba. If YES, whare did you recaive traatmant?

1 1. Company Madical Timas in pastyear
0 2. Personal doctor Times in past year
O 3. other Times in past year

Did treatment help? [yves [ Ho

9. How much tima have you lost in tha last year because afthis problam? days

10. How many days in the last year wereyou on restricted or light duty because of this prablem?

days
11. Please commeanton what you think would improve your symptoms
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How to answer the questionnaire:

Please answer by putting a cross in the appropriate box — one cross for
each question. You may be in doubt as ic how 1o answer, but please de
your best anyway. Please answer every quastion, even il you have never
had trouble in any part of your body.

SHOUILDERS

UPPER BACK

ELBOWS

LOW BACK

WRISTS/HANDS

HIPS/THIGHS

KNEES

ANKLES/FEET

in this picture you can see the approximate position of the parts of the
body referred to in the questionnaire. Limits are not sharply defined, and
certain parts overlap. You should decide for yourself in which part you
have or have had your trocuble (if any).
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Appendix C: Sample of DMDQ

General questions

Pleasa read the explanation on the previcus page before answering the questions balow!

10.

What is your age?
What is your gender?

— Has your family ved in Britain for at least three generations?
- Can you speak and read the English language easily?

What is the highest education that you completed sucoesfully?
no education completed or primary school
lower secondary or vocational school
intermediate secondary or vocational school
higher secondary or vocational schaol
university

- How tall are you?
— What is your weight?

-How many years have you been carrying out your presenl work al this firm?
— How many hours week do you work normally (including regular overtime!)?
— How many days per week do you work narmally?

- Do youwhave a temporary contract (less than a year) or are you a temp.?
— Are you on sick leave or partlly disabled?

- Do you have other jobs (paid or unpaid)?

— Do you work |eft-handed?

Do you supervise people in your daily work?
How long does it take to travel (o your work, (single journey)?

How do you usually travel to your work (move than one answer is possible)?

Are you warking in shifls?

yes, imegular shifis
yes, 2 shifts (no nighls;

yes, 12 hour shifts

years

male 4 female 3

yes 4 no 2
yas g no 2

2

3

4

5

about cm
about kg
years

hours per week
days per week

yes 100
yes 4 no gz
yes 4 no z
yes 1no 3

yes 4 no 3

mnules

onfoot
pushbike
moped, motor 4
car 1

hus .

fram, tramn ~ +

no

yes, 3 shifts

o I 8 e =
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Nealth (1)

1.

How s your health status in general?

How is to your opinion your physical fitness nowadays?

- Does your work require a lot of strength?
= Does your work require endurance?

How tired are you normally at the end of a working day physically?

How lired are you narmally at the end of a working day mentally?

- Have you had any complaints about your health recently?

- Have you consulied your doclor the past six manths
(other than for a routing check-up)?

-Is a physician treating you at the moment?

= Have you been absent from work the last six months
because of an illness or an accident?

= Are you taking drugs on a doctors prescription?

Do you smoke or did you smoke in the past?

-Do you often feel tensa?

— Do you often feel nervous?

- Do you often feel flustered?

= Are you often very lired after work?

= Do you regularly feel tired when getling up in the mormmg?

reasonably good
nol too bad

rhawnablygoud
not too bad

yes ¢ no
¥ES 4 NO

not tired

a bit tired
rather lired
very tired
nol tired

a bil tired
rather lired
very tired

yes 1 no
no
no
no
no
yes, I'm smoking nowadays ‘

yes, | did smoke in the past
na, | never smoked

yes , no
yes y no
yes ¢ no
yes 1 No
yes 1 no

- o=

i G R

i W

- A e

T

NN N NN
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Health (2)

1. Have you ever had trouble [pain, discomfort) from your

2 neck ? oyWES Mo 3
7 upper back T yes ..1 no 2
7 lower back 7 yes y o 2
2 shoulders ? oyas g, no 3
7 elbows Poyes gm0 g
?  wrsts/hands 7 yes 1 NG 2
7 hipsithighs 7 oyes 4 no H
7 knees TOoyRs 4 na 2
?  ankles/feet Toyes N0 a
2 Have you had in the past 12 months trouble (pain, discomior) from your:
YES, TES, YES, NO
sometimes regularly chronically never
7 neck 1 ] 3 4
7  upper back 1 ] 3 4
7 lower back ' 2 1 P
bt 7 left shoulder 1 2 1 4
Y Sk 7 right shoulder 1 2 3 i
o iR b ? lefl elbow 1 2 a .
LT et 7 right elbons ’ T 3 i
MiG iéren 7 left wristhand . 2 N i
7 night wnst/hand 1 2 2 a
HEFELLEN 2 lefl hipfthigh . 5 N .
ot 7 nght hipithigh ' 2 3 4
7 left knee 1 P 3 s
EMFELLAMCLILN ? "ghi kneg ' z 3 4
7 left anklefoot 1 2 1 4
> nght ankle/foot ' 2 3 P
3 Have you had dyring the pas| 7 days lrouble (pain, discomfort) fromy your:
7 neck yes , no 2
7 upper back yes y No 2
7 lower back yes 1 na 3
7 shoulders yES 4 NO F]
elbows yes 1 Na 7
7 wrists/hands yes 4 ng 5
*  hipsithighs ye8 ¢ NO 2
7 knees yes 4 no 2
7 anklesfoeot yes 4 no 12
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[ Werk (1)

1 Please list your job tasks and indicale how often (scldomfnever, somatimas, oflen or (almast) always?)
seldomor  sometimes  oftan {almost)
never . abways

1. 1 H 3 1
2. 1 i k] 1
3 1 2 3 1
4, 1 2 3 a
5 1 i a i
6. 1 2 i d
7 1 2 a 4
8. | 2 3 4
9, i ] : ] 1

2 Please mark for each lask and all tasks together the number which best indicates the amaunt of
exertion associated with thal task (light, normal, heavy, very heavy).

light . normal . Py . wEry
hoavy

i 2 3 4 5] 6 7

The tasks should be the same as in

the table above

1 1 2 3 4 5 6 7

2 1 2 3 4 5 6 7

3 1 2 3 4 5 G 7

] 1 2 3 4 5 6 7

5 1 2 3 4 5 6 7

6 1 2 3 4 5 6 7

7 1 2 K| 4 5 [ 7

f 1 2 3 4 5 6 7

a. 1 2 a 4 5 6 7

all tasks logether, 1aking into ; 2 3 4 5 g 7

account the frequency
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Work (2)

1. - Do you carry out the same work almosf ihe whole day? yes g no g
- Does your work vary lrom day lo day? yes 4 no 3
— Does the work rotale belween you and your colleagues? ¥es 4 no '-‘-
- Do your tasks vary accorcing to the seasan or lime of the year? YES 4 NO .2
- Do you carry oul your work mastly at the same workplace{s)? yes 4 no 2
- Do you earry oul your work outdoors? yes 4 no g
= Do you have a sedentary job? yeS 3 no 2
= Does your wark involve mainky repelilive tasks many imes a minule? yes 4 no 3
— Does your work often involve contacts with clients, patients or the public? yes 4 g 3
— Does your workl invalve coldness, draughts or changes of temperature? yes 4 no 5
- Are you often driving in venicles al your work? yeS 4 no 2

2 This gquestion addresses breaks. We are only interested in breaks which you actually have or would
takhe!
= How many breaks do you have during g normal warking day? ? breaks per day
-Counting all breaks, how many rminutes resting time do you have normally? ? ? 7 minutes per day
= Are your normal breaks sufficient? YES N0 2
= Are you going back to work resled after a break? yES gy a2

3 — Can you choose the start and end of a working day yourself? yes g no
- Can you choose the moment of a break yourself? yES  § no 2
— Arg you familias with youws work schedule lgnger than one mosth on forehand? yes ; mo’
— Can you take a holday when you wish? yes 3 o
-5 there a shortage of personnel at your department? yES 3 no 3
- Do you have to replace colleagues often? yes y no 2
- Do you have overtime regularly? Yy&s ¢ NO F

4. Did you have other work in the past? yes 4 no .3
if yes: Which kind of work did you €0 1 your prévious work never, somebmes_often ar {almast) always?

seldom some- often almost

or times always

never
standing for long periods '| 2 '3 ',.
siting for long penocds ' i 2 13 4
VDU work for long penods ' 7 3 4
squatting/wnealing for long poriods 1 z 3 a
moving loads (more than 5 kg) 1 2 3 1
moving heavy loads {more than 20 kg) . 7 P 4
jobs which require exertion of arms/hands ' 2 3 4
working with vibrating loals " 32 3 a
driving vehicies i 3 4 3
working in uncomfortable postures " 3 3 P
working in the same posilion for long periods 1 2 3 3
doing repelitive tasks many imes per minule ' 2 3 8
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Work (3)

1 Do you in your work gflen have to:
= lift heavy loads (more than 5 kg)? yes no 2
= push or pull heavy loads (more than 5 kg)? yos no 3
- carry heavy loads (mong than 5 kg)? yos no 3
2 Do you in your work oflen have to ifl
in a uncomforiable postion? yes no 3
- wilth the load far away from your pody? yes ne 2
= wilth lwisted trunk? yas no 3
- with the lead above shoulder-level? YyES no 3
- with one hand? yes no 3
= with a load which is dfficult to grap ar hold? yes no 3
3 Do you in your work oflen have lo
= lift very heavy loads (maore than 20 kg)? yes na 2
= push of pull very heavy loads (mose than 20 kg)? yes no 1
= carry very heavy loads (more than 20 kg)? yes no g
4 Da you in your work often have 1o
= bent shghtly with your trunk? yes no 3
= bent heavily with your trunk? yas no 3
= twist shightly with your trunk?? yes no g
= twisi heavily with your trunk? yes no oz
= bent and twist simullancously with your trgnk? yes no 2
5 Do you in your work oflén have 1o work:
in a slightly bent posture for long periods? yes no '2
in a heavily beni posture for long penods? yEs no Ia
in a slightly twisted postura for long periods? yes na ‘:
=in a heavily twisiad posture for long panods? yos na ‘;
—in a bent and twisted for long penods? yes na ‘2
G Do you in your work gflen have Lo
- bent your neck forward or hold your neck in a forward posture for long periods? yas N '2
= bent your neck backward or hold your neck in a backward posture for long poriods?  yes no ';
- bwist your neck or hold your neck in a tyisted posture for long periods? yes no ';
r Do you in your work often have 10
= bent your wrisl or hold your whst bent for long peniods? yes na ':
= twisl your wrist or hold your whist twisted for long perods? yes no ';.
8 Do you in your work often have to make
- the same mavements with your arms, hands of fingers many tmes per minute? yes ey ';
= lha same movements (bending, twisling) with your trunk many times per minute? yes no o3
= the same movements (bending, twisling) with your head many Limes per minute? yes ne ';
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Work (4)

1. How many minutes per day do you work with your hands
— above shoulder level? about
= under knee level? about *
{if not applicatia, insert a '0)

- reach with your arms or hands?

- pold your hands al or under shoulder level?
- hold your hands above shoulder level?
_-work in uncomforiable postures?

3 Do you in your work often have tor
- stand for long periods?
- sil for long periods?
- walk for long penods?
- work knoeled or squatied for long periods?
—work in the same posture for long periods?

4. Da you in your work often have to.
- sit on your knees of move on your knees?
- operale pedals with your feel?
- chmb sfairs?
—walk gn irregular surfaces?
= lay on your back?

5 Do you in your work gften hold vibrating tocls?

] Do you in your work often have:
= nsufficient space to do your work properhy?
= insufficient space abave you which forces you to benl forward?
- insufficient height or reach to be able to reach things with your tools?

7. Do you in your work often have.
— difficullies exerting enough force because of uncomfortable postures?
= nothing 1o lean on?

8 Do you in your work often have to:
- make sudden, unexpected movements?
- perform short, but maximal force-exertions?
— exen greal force with your arms or hands?
- hold things in a pnch gop with your Kands?
- exert great force on tools or machinery?

9 Do you sometmes ship or fall during your work?

minules per day
minules per day

yes
yes
yes
yes

yes
yes
yes
yes
yos

yes
yes
yes
yes
yes

yes

yes
yes
yes

yes
yes

yes
yes
yes
yes
yes

yas

no
no
no
no

22823233

g2 383 3 233233

3 8

233238

=
=]

L B R R

ROR R R

REOR M R R
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Work (5)

1

= Is your work physically very strenuous?
= 18 your work mentglly very exacting?

Does your work cause you to perspire o 1o be out of braath?

=I5 the rale al which or the pressure undor which
you have 1o work regularly fairly high?
~ Are you regularly working under pressure of ime?
= Do you have 1o hurry 1o be ready on ime?
- Do you regularly have problams with the paca or the busynass of your work?
= Should you really be taking it somewhal easier in your work?
= i% your work oflen too tiring?

- Do you have to work very fast?

= Do you have vary much 1o do?

= Do you have lo work exira hard?

- Do you have enough time in general to fimsh all your work in time?
=I5 your work heclic or is it a madhouse?

- Can you determing yourself how Lo carry oul your work?

= Are thara in general enough 1ools avaitable at your work

- Do youyoursalf determing the saquaenca of your lasks?

= Can you adjust your workplace yourself [think of the height of 8.g. your chair, tabla}?
= Do you decide yoursell when 1o carry aut a task?

= Can you leave your workplace easily if you wish to do that?

= Can you interrupt your work if you wish to do that?

- Can you control your working pace yourself?

- Are you mentally exhausled by your work?

= Do you feel emply al the end of a warking day?

= Do you feel lired when you wake up al the starl of a new working day?
= Do you feel ‘burned-oul’ by your work?

= Ara you frustrated by your job?

— Do you think that you have too much 1o do at work?

= Do you fool things are too much for you?

=I5 your work mastly interesting?

= Da you have enough variely in your work?

= Da you consider your wark too simple?

= Do you have engugh training 1o perfarm your lasks?
= Do you moslly enjoy your work?

yes
yes

Yes

yEs
yes
yEs
yos
yas
yas

yos
yes
yos
yas
yas

yos
yas
yas
yas
yes
yas
yas
yas

yos
yOs5
yos
yos
yos
yos
yas

yes
yes
yes
yes
yes

no
no

"o

no
no
no
no
no
no

no
no
no
no
ng

no
no
no
no
no
no
no
no

no
no
[al#]
ne
[ale]
[al#]
no

no
na
no
na
na

L I . BE B3 R RE ORI RS R Rg

N N ]

137




! Work (6)

2

6.

Are you much hindered in your work by:
— noise?

- lack of fresh air?

—dry air?

— changes or exiremes of lemperature?
— bad smells or stench?

— Is your wark often hampered by unaxpecied situations?

=15 your work usually well organized?

= Are ther sufficient possibilities for consultation about your work?

— Is your work aften hindered by the absence of others?

— Arg you regulady hindered in your work Dy deficiencies in the work of others?

— Are you working under a good superyison?

— Are you often annoyed by others atl your work?

- Does the supervision sulficienlly regard whal you say?

- Do you find the almosphere al work all nght?

— Does the supervision have a correct picture of you in your work?

— Does the supenision provide encugh support in your work?

- Can you count upon the support of one of your colleagues if necessary?
— Are you kept informed on what is going on in your company?

— Arg there circumstances in your work that adversely affect your prvate live?
— Are there circumstances in your private live thatl adversely affect your work?
— Do you take problems at work with you lo your home?

- Do you take problems at home with you to your work?

- Do you consider the safety al work all right”

— Are your prospects good with this employer?

— Are there enough passibilibes for a good career at your work?

- Do you feel that you are sufficiently valued in this company?

— Do you think your pay is appropriate for the work you are doing?

- Coes your work require skills?

— Do you have enough variety in your work?

— Does your job require thal you learm new things??

— Does your job require creativity?

- Do you have the opporiunity to develop your skills?

— Do you have to carry cul the same actions again and again
aver a short pencd of tme?

Allin all, does your wark suit you well, reasonably well, not too badly or badly?

yes
yes
yes
yes
yes

yes
yes
yes
yes
yes

yes
yes
yes
yes

yes
yes
yes
yes

yes
yes
yes
yes
yes

yes

reasonably well

838883828 233323

3223323233233

3223382322233

223332

3

well

not oo badly

badly

Lo I | LI

L

[T S I ]
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‘ Leisure time

Please indicate the number of hours per week you are travelling in a motor vehicle {e.g. car, bus, but
nof & frain).

— during your work? about howrs per week
— during commulting? about hours per week
= in your leisure time? about hours per week

{if not applicable, please write '0')

How often did you engage in sports or strénuous exercise in your leisure time during the past four
months which lasted long enough to perspire?

not
less than once a month oz
about once a month | 5
about 2 - 3 Limes per month 4
about 1 -2 limes par waek I 5
3 or more times per week ' 5
Did you do physically strenuous sports durng the past 12 monlhs? YES g N g
It yes:
- dno you participate in a compeatition? yas 4 no 2
- how many hours ger week on average? nours per week
- how rmany monlhs per year? months per jaar
= how many ysars? years
—which spori{s)?
‘if you participate in several spovts, piease indicale which you perform mast infensely)
4 athletics 'E. fitnessfaerobics 15MoLOrspons 22 Surfing Iag walking
2 badminton o golf 15 hang-gliding a1 table tennis In water sporls
1 basketball g handball 17 FOWANg 24 tENNis 1 cycling
4 Mountaineer 11 hockey 18 Skating 25 Gymnastlics 42 Sanhng
5 bowling 42 horse riding 1 shooting -5 boxingfencing 33 SWimming
g dance/ballet y3 weight training 2p SkKiinNg 27 volleyball % other:,
7 biking 14 rughy 71 Squash 2 (indoonifoatball .. .
[Oid you have a sports injury during the past 12 manths which forced you to slop training or comogttion
or prevented you from playing the next time? YyES ¢ MO 3
If yes: which bodily region®? (if wou had several injuries, please indicate the most severe iniury}
1 neck 1 shoulders 1 hips/high | head 1 GFQin
1 upper hack 1 elhows 1 knees 1 Brms 1 legs
4 lower back y wnists/hands | anklesfeet 1 belly
Oid you have sick leave caused by a sporls injury during the past 12 months? YES 4 M0 3
If yes — how many working days? days
Have you been treated medically for & spor injury during the past 12 months? yas 4 no g
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Low back pain (1)

Complete these questions only if you had law batk pain during the past 12 months,

1 Please indicale your age when you éxpenenced your low back pan for the first time: My age was 7 7 year

2 What caused your low back pain

- & spors injury? yes 3 no 3
- an accident? yes 3 N0 3
= a sudden movement? yEs g no
= the lifing of a heavy loaa? yes g na 3
- a bad posture dunng a long penod? yes g no 3
- Slress? yes gy ono 3
- the cimate (draught, coldness, moislurae)? yes 3 no 3
(only for females).
- a pregnancy., delvery yes y no
- mensiruation? yes gm0
3 =I5 your low back pan associaled wilh your weik? yes 4y no
~ is your low back pain associaled wilh lesure ime aclivilies? yes « no 3
- Pitt your low back pain start during your current work? yes . no g
4 How often have you had separale spells of low back pan dyrnng the past 12 monthg ?
once
. belwean 2.4 times
between 510 imes
more than 10 times 4
my complants ara always there
5 How many days werg you on sick leave duning the past 12 months due o your low back pan?
nong 4
1-7 days 2
8-14 days 4
15-28 days 4
between 1-3 months g
longer than 3 months ¢
6 How long was the longest spell of your low back pan dunng the past 12 maonths ?
less than one day
1-7 days 2
14 weeks 5
57T weeks
botween 8 weeks and 3 months 5
J12manths 4
T Did you have radiating low back pain (lo the legs) during the past 12 months (o
~ the left and/or right knea? yes o
- the left and/or right ankleffoot? yes g no
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Low back pain (2)

CéMpleia these questions only if you had low back pain dyrina thg past 12 months

(=2

10

11

12

13

Please describe the last penod of your low back pain

cured completely within a few days

cured completaly, but it ook a few weeks

cured not entirgly, someatimas my symploms do recur
not curad, my symploms persisted

not cured, but my symptoms started only recenthy

—Is your low back pain getting worse?
— Is the severty of your low back pain varying widely?
— Did your low back pain start suddenly?
— Does your low back pain hinder your sleep?
— Does your low back pamn persist during holidays?
— Are you getting up in the moming with a sliff feeling in your lower back?
- Do you have a numb, dead or tinghng feeling in the legs
when you have to sneeze, cough or strain?

Did you ever had:

= lumbaga?

— a hemiated {slipped) lumbar disc?

— a medical treatment due to your low back pain?
- a hospitalisation due ‘o your low back pain?

How many times during the past 12 months did your low back pain cause you 1o
— consull 3 physician

- consult a physictherapist, chiropraclor or ostepath?

Is your low back pain causing trouble when

jdethis no

never trouble
standing for a long period ¥ z
sitling for a long period 1 2
maving loads (mare than & k) 4 3
moving heavy loads [mora than 20 kg) " 3
performing jobs which raquire exerion of armsthands " 3
warking with vibrating fools 4 ]
riving in wehicles N 3
working in uncomfortable postures \ :
working in the same postures for a long penad ' 2

— Are you parnly disabled due lo your jow back pain?
— Did you change your work in the pasl due 1o your low back pain?
— Are your workplace, 1ools or working hours adjusted due to your low back pain?

yes
yes
yes
yEeSs
yes
yes

yes

yes
yes
yes
yes

yes
yes

little
trouble

(R R )

yes
yes
yes

83332333

¢ N0
i no

1 M
ng

much
trouble
4

4

p Na

1 N

MR R R R

LER E

141




Neck and/or shoulder pain (1)

Coemplete these questions only if you had neck and/or shoulder pain durjpg the past 12 months.

14, PFlease indicate your age when you expenenced
your neck and/or shaulder pain for the first lime My age was. ? ? year

15 Whal caused your neck andfor shoulder pain

- a spors injury? yes ' P oz
= an accigent? yes | no 3
- a surfen movement? yes y no 3
= the lifting of a heavy load? yes  § no 3
- a bad posture durning g jong period? Yas L] ]
- gtress? ¥es  no 3
= lhe climata [draught, coldness, maisture)? ¥es o no g
farly for famalas)
= @ pragnancy, delivery ¥ES 4 NO a
16 =8 your neck and/or shoulder pain associated with your work? yes 4 no 3
= |5 your neck andior shoulder pain associated wih leisure ime activities? yes ¢ N0 2
= Did your neck andior shoulder pain start during your current job? yes 4 no 3
17 How often have you had separate speils of neck and/or shoulder pain dunng the past 12 months ?
once
. between 24 fimes &
between 510 imes 5
maore than 10 imes 4
my complaints are always lhere 4
18 How many days were you on sick leave dunng tho past 12 monihs due to your neck and/or shoulder
pain?
Mo 1
1-7 days 3
8-14 days 4
15-28 days 4
between 1-3 months ¢
longer than 3 months ¢
19, How long was the longest spell of your neck andfor shoulder pain dunng the past §2 months?
less than one day
1-7 days 2
1-4 wooks 5
57 weoks 4
between 8 weeks and 3 monihs g
3-12 months ¢
20, DOid you have radiating neck andfor shoulder pain (1o the arms} during the past 12 manths to:
= the left andior nght upper arm/elbow? yes no 2
- the left andior right forearm/wrist/hand? yes  y no 2
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Neck and/or shoulder pain (2)

Complete these questions only if you had neck and/or shoulder pain during the past 12 menths

21 Please describe the last period of your neck andfor shoulder pain

cured completely within a few days

cured complelely, but it took a fow weeks
cured not enlirely, sometmes my symploms do recur
nal cured, my symploms stayed
not cured, but my symploms slarted only recently

22 -Is your neck and/or shoulder pain getling worse” yes
Is the sevarily of your neck andfor shoulder pain strongly varying? ]
= Did tour neck andfor shoulder pain start suddenly? yes
- Does your neck andfor shoulder pain hinder your sleap? yes
= Does your neck andfor shoulder pain persist during holidays? yEeS
= Are you getling up in the moming with a stilf feeling in your neck or shoulders? yes
- Do you have a deaf, dead or twinkling feeling in your arms or hands? yes
- Does your neck and/or shoulder pain redjale inlo the arms
when you have 1o sneere, cough or squeeze? yes
23. Dwd you ever had.
- a lrozen shoulder? yes
~ a hermated cervical disc? YEs
- a medical treatment due 1o your ngck and/or shoulder pain? yes
- a hospitalisation due to your neck and/or shoulder pain? yESs

24, How many timas during the past 12 months did you due 1o your nack andior shoulder pain:

= consult a physician
= gonsult a physiotherapist, chiropractor or ostoopath?

25 Is your neck andfor shoulder pain causing trouble when

standing lor a long penod

sitting for a long period

mioving loads (more than 5 kg)

moving heavy loads (more than 20 kg)

perarming jobs which require exerlion of arms/hands
working with wibrating tools

driving in vehicles

working in uncomforiable postures

working in the same postures for a long period
making repetitive movements with arms or hands

yas
yas

I do this no little

~aer trouble trouble
1 k]

1 3

LRI~

-
BB OPRF ORI R R ORI R RE R
LR~ ™

1 No
1 na
1 "o
1 o
1 No
y No
+ MO

much
trouble
4

B R -

Ll

B R B R ORI R Pa

-

e e
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_ '
Your own gpinion (1)
Down beneath you can indicate which tasks cayse symptoms, YWou arg also invited to suggest how 1o
improvg these tasks.

1 Please ndicate which jobs are heavy for the jogw back and ways 10 improve those jobs.

heavy tasks fgr jhe low back; how i¢ improve:
task 1. fask 1
tagh 2 task 2
task 3. fask 3.

2 Please indicale which jobs are heavy for the neck and/or shoulders and ways 1o mprove those jobs

heavy tasks for the neck/shoulders: how to improve:
task 1. lask 1.
task 2. task 2
task 3. task 3.

3 Flease ndicate winch jobs are beavy for I arms (elpows, wrisia, hands) and ways to improve those

jobs

heavy tasks for the arms: how to improve:
task 1. task 1.

task 2. task 2.

lask 3 task 3

4. Please indicate which jobs are heavy for the knees and ways to improve those jobs

heavy tasks for the knees: how io improve:
fask 1. task 1.
task 2 lask 2.
{ask 3. task 1.

144




Your own opiinion (2)

Down beneath you can indicate which tasks cause symptoms. You are also invited to suggest how to
improve these tasks,

5 Every Job has its ‘'heavy tasks'. Please indicate below which heavy tasks you have in your work and
how to improve them.

heavy ar unc¢omfiortable task: how to improve:
task 1. task 1.
task 2. task 2
task 3 task 3

6 In many jobs, there are socme very heavy tasks which are not conspicuous because the task 1s seldomly
performed or takes a very short period of ime. If there are such tasks in your work, please name them
below and indicate how to improve them

kind of work: how t© improve:

task 1 task 1

fask 2. task 2.

task 3 task 3.

If you use tools which are not suitable for your job, please indiacte which tools and how to improve
them

unsuitable tools: how to irnprove:

1 1

2. 2

3 3,

If you have hgalth complaints related to your work which hava not been addressed so far, please name
them below and indicate to which tasks they are relaled.

health complaint; relaged 1o
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Appendix D: Sample Form of CMDQ

The diagram below shows the approximate
position of the body parts referred to in the
questionnaire. Please answer by marking

the appropriate box.

During the last work week

how often did you experience

ache, pain, discomfort in:

If you experienced ache, pain,
discomfort, how uncomfortable
was this?

If you experienced ache,
pain, discomfort, did
this interfere with your

ability to work?
Nevr 12 34 Several
Gmes Gmes Once  times
st et every every | Slighly Moderately  Very Notatall  Shghtty Substantially
week week  day  day interfered _interfered
Neck OO0 0O O O m} [m] [m] O [m] O
Shoulder (Righ) | O O O O O m} [m] O o O O
(Left) OO0 o o O O [m] O O ]
Upper Back OO0 0O O O [m] [m] O [m} [m] ]
UpperArm (Righy| O O O O 0O m} O [m] ] [m] O
(Left) OO0 0O o O O O O O O O
Lower Back OO0 0O O O ] [m] [m] ] [m] a
Forearm (Righy | O O O O 0O O a a O [m] a
(Left) OO0 0O o O a [m] O O O O
Wrist (Righy| O O O O O ) [m] [m] o [m] ]
(Left) OO0 0o o o O O O O O O
Hip/Buttocks OO0 0 o O ) [m] [m] O [m] O
Thigh (Righy | O O O O O m} [m] [m] o [m] ]
(Left) OO0 0O O O ] [m] O O m] O
Knee (Righy ]| O O O O 0O O [m] O O O a
(Left) OO0 0 O O ) [m] [m] O [m] a
LowerLeg (Righ| O O O O O m} [m] O o O O
(Left) OO0 0O o O O O [m] O [m] (]
Foot Righp| O O O O 0O [m] a O O () O
(Left) Ooo0oo o g O a O O O O
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Appendix E: Sample Sheet of Body Part Discomfort Map

Body part discomfort map
In a typical week do you experience any discomfort in the main car that you
drive? Use the scale below. Please circle the appropriate number.
0 No discomfort
1 Slight discomfort
2 Moderate discomfort
Left shoulder
0123
Neck . :
N\ Right shoulder
0123 \ ) / Riges: Sios
Upper back \\ /// Left upper arm
0123\ \ i 0123
nght upper arm
\ st
- -~ 123
Middle back
012 3 Chest
0123
Left elbow Left wrist / hand
0123
Rught elbow Right wrist / hand
0123
Lower back Left forearm
0123 0123
Right forearm
Left buttock 012 3
0123
Right buttock Stomach
0123 0123
{ Left foot / ankle
: ﬁ"“z""g 0123
Right hip Right foot / ankle
0123 0123
I
/
Left thigh Left knee / Left calf
0123 0123 0123
Right thigh nght knee Right calf
0123 2 3 0123
What do you believe are the reasons for any of this discomfort (including anything at
work or elsewhere}?
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Appendix F: Sample Worksheet of RULA, REBA and WERA

ERGON&EMICS

A. Arm and Wrist Analysis
Step 1: Locate Upper Arm Position:

-1 3 2 .2 2 . 5 o=
a5 90~ PR SN
i on—%/ (=
4 @‘ g +3 ( -4

20 20" 20°

Step 1a: Adjust ..

¥ shoulder is raised: =1

¥ upper arm is abducted: +1
¥ arm is supported or person is leaning: -1

Step 2: Locate Lower Arm Position:

Upper Arm Score

) =

Lower Asrn Score

4
— Add +1

Step 2a: Adjust...
¥ esther arm is working across midline or ouwt to side of body: Add 1

Step 3: Locate Wrist Position:

Step 3a: Adjust_.. +2 -
M wrist is bent from midiine: Add +1
Step 4: Wrist Twist:

M wrist s twisted in mid-range: +1

M wrist is at or near end of range: +2

Step 5: Look-up Posture Score in Table A:
Using values from steps 1-4 above, locate score in
Table A

Step 6: Add Muscle Use Score

¥ posture mainly static (i.e. held>10 minutes),

Or if action repeated occurs 4X per minute: +1

Step 7: Add Force/Load Score

¥ load < 4.4 |bs. (intermittent): +0

i load 4.4 to 22 Ibs_ (intermittent): +1

¥ load 4.4 to 22 Ibs. (static or repeated): =2

¥ more than 22 Ibs_ or repeated or shocks: =3

Step 8: Find Row in Table C
Add values from steps 5-7 to obtain
Wrist and Arm Score. Find row in Table C

Wrist Twist Score

Wrist Score

Posture Score A

Muscle Use Score

Force 7 Load Score

Wrist & Armn Score

RULA Employee Assessment Worksheet

Scores
Wrist Score
Table A
1 2 3 <
Wrist Wrist Wrist Wrist
Upper [Eohves Twist Twwist Twist Twist
Arm Armm
1 B ER i IR NT 26 2
R ] 1 2 i & 223313
1 2 2|]21212i3{isi3]S
- ] 2133313313144
b ] 2:313:3:3  4: 4|4
2 2 3|3 3:3!I34]4]|4
3 3 4 &4 &4 a4 a4 s 3
1 3 3 4 4 4 4 s 5
3 2 3.4 4 4 4 4 5 5
= 4 4 4 4 4 5 5 S
1 | 4 4 & a&a a 5 5 5
a 2 4 4 4 4 4 5 5 5
3 4 4 4 5 5 5 6 6
1 5|85 S| S/6)/6|7
S 2 S| 6.6 . 6,6 7.7|7
3 6 6 6 7 7 7 7 8
1 7 7 7 7 8 8 9
6 2 8 8 8 8 8 9 9 9
= 91919 9/9:919|9
Tabie C Neck, Trunk, Leg Score
1l 52259 e I TE T
1 1 2!3'3i4:S:!5
i 2 2 3 4 4 S S5
B 3 3 3 & 4 S &
Wriss/&nm &4 3 3 3 4 5 & 6
Score 5 4 4 4 s 66 7 7
& 4 4 5 6 6 7 7
B S| S 6. 6.7 7.7
e 5 5 6 7 7 7 7

Scoring: (final score from Table C)

1-2 = acceptable posture

34 = further investigation, change may be needed
5-6 = further investigation, change socon

7 = investigate and implement change

RULA Scowre

Step 9: Locate Neck Posi

+2 Q b § R Neck Score
% -5

(&

\ ! h i
Step S9a: Adjust. .
if neck is twisted: +1

If neck is side bending- +1

Step 10: Locate Trunk Position:

+2 —

& '
() 17

Step 10a: Adjust

if trunk is twisted: =1

if trunk is side bending: +1

Step 11: Legs:

If legs and feet are supported: +1

E

Trunk Score

i not: +2
Pmcis % el a = - Leg Score
Posture - o
Score "‘ '82‘ 3 '2 >y 8._. : '2
1 1 3 S S &6 6 7 7
2 2 3 S5 6 7 7 7
3 3 3 S 6 6 7 7
- s s (7 776 8
s 717 8 8 5 8 & @
B 8 8 8 &8 5 & 8 9 9 9 % 9

Step 12: Look-up Posture Score in Table B:
Using values from steps S-11 above,

locate score in Table B

Step 13: Add Musclie Use Score
I posture mainly static (i.e. held>10 minutes)
Or ¥ action repeated occurs 4X per minute: «1

Step 14: Add Force/Load Score

iIf load < .4 .4 Ibs_ (inmtermittent) +0

If iload 4.4 to 22 ibs_ (intermittent): +1

if load 4.4 to 22 Ibs_(static or repeated) =2

If more than 22 lbs. or repeated or shocks: <3

Step 15: Find Column in Table C
Add values from steps 12-714 to obtain
Neck, Trunk and Leg Score. Find Column in Table €. yock, Trunk, Leg Score

Posture 8 Score

Muscle Use Score

Force 7 Load Score




ERGON@I"UCS REBA Employee Assessment Worksheet Task Name: Date:

ITas
A. Neck, Trunk and Leg Analysis Scores B. Arm and Wrist Analysis
Step 1: Locate Neck Position Table A Neck Step 7: Locate Upper Arm Position:
o 10-20° +2 2:-.\ /ngmrsmn ‘ 1 2 3 -
¥ C » | o BEE AR I IENE e SZ SEUEIETE] S
~ ~ 4 Neck Score | B 1/2/3(4(1]2[{3{4[3[3|5|6]|
+2
5( A \( A f A Trunk 2 2 3 4 5 3 4 56 4 5 6 7|
Step 1a: Adjust.._ Posturs 3 2|4|/|5|6|8i{5|6{7|5|6|7 8 | 20+ 20-45°
If neck is twisted: =1 Score 4 3 56 7 5 6 7 8 6 7 8 9| srep7a: Adjust...
If neck is side bending: +1 5 4 6 7 B8 6 7 8 9 7 8 9 9| Ifshoulderisraised: +1
iIf upper arm is abducted: =1
Step 2: Locate Trunk Position - g i Prrag
o n sdersion ‘ I Lower Arm If arm is supported or persen is leaning: -1 Upper Amm Scare
b e 8 ‘ 1 2 Step 8: Locate Lower Arm Position:
~ ¢ 7 050 Wiist 1 23 % 2 3
' s fC _ = B ' 2 2 1 2 3| +2
N B 1 2 3 2 3 4
Step 2a: Adjust... B 3 4 5 4 5/5] Lower Arm Scors
If trunk is twisted: +1 B 4+ 5 5 5 67|
Hrrdnicissldebanding33 Trunk Scors BN 6 7 8|7 8 8| Sten 9: Locate Wrist Position:
step C Legs _lfg, 278 £l ,g, +1 155N +2
; ) \e ( — R R
| | . g | a
VoY) | ' =
{f / V / s Leg Score Score A Score B Step Sa: Adjust...
\/ A4 7 - 2 If wrist is bent from midiine or twisted : Add +1
LS+ L, *2 5 Add #1 Add +2 123 456 7 8 9101112 .
Step 4: Look-up Posture Score in Table A 1 111/11]/2|3i3i4!/5|6|7|72|7| Step10: Lgok-up Posture §core inTable B
Using values from steps 1-3 above, 2 11223 alai5|6/6|778 ‘ Using values from steps 7-9 above, jocate score In Table B
Locate score in Table A 3 2 3 3 3 4a 5 & 7 7 8 8 8| Step11:Add Coupling Score Posture Score B
Posture Score A a 3 4 4 a5 6§ 7 8 8 9 9 9 | well fitting Handle and mid rang power grip, good: +0
Step 5: Add Force/Load Score + | Acceptable but not ideal hand held or coupling
Ifload < 11 Ibs.: =0 5 4 4 4 5 6 7 8 8 9 9 9 9| acceprable with another body part, fair: +7
If load 11 te 22 lbs_ : +1 6 6 6 6 7 8 8 9 9/10 10 10 10| Hand hold not acceptable but possible, poor: +2 Coupling Score
ifload>22lbs:+2 7 7 7 7 8 @ © 8 10 10 11 11 11| Ne handles, awkward, unsafe with any body part,
Adjust: If shock or rapid bulld up of force: add +1 gorce / Load Score 2 8 8 8 9 10 10 10 10 10 11 11 11| Unacceptable: +3 —
Step 6: Score A, Find Row in Table C = 9 9 9 9 10 10 10 11 11 11 12 12 12; Step 12: Score B, Find Column in Table C
Add values from steps 4 & S to obtain Score A 10 10 10 10 11 11 11 11 12 12 12 12/ 12| Add values from steps 10 &11 to obtain
Find Row in Table C. Score A 11 11 11 11 11 12 12 12 12 12 12 12 12| Score B. Find column in Table C and match with E—
Scori 12 12 12 12 12 12 12 12 12 12 12 12 12| ScoreAinrow-fr.omstethoobtamTableCScore.
1 = Negligible Risk s e e L Step 13: Activity Score
2-3 = Low Risk. Change may be needed. ) . +1 1 or more bedy parts are held for longer than 1 minute (static)
4-7 = Medium Risk. Further Investigate. Change Soon. o +1 Repeated small range actions (more than 4x per minute)
8-10 = High Risk. Investigate and Implement Change e e e — feRAEcore +1 Action causes rapid large range changes in postures or unstable base

11+ = Very High Risk. implement Change




WONKFLALE ENOQUNUMIIC KISK ASSESSMVIEN | (WEMA)

PHYSICAL RISK FACTOR

la.
Posture
. A
Shoulder
| mepetiion |
Repetition | .h more pauses with some pauses with no rest
2a. —— PSR, g 2a. POSTURE \
Postwe | - () B ) | R ETe] =1\
wrists ina neutral | yyrices are moderate | Wrists are extreme ,g__“s" 2 \ 3 \ a \
position bent up or bent bent up or bent z b
2. Wrist down down with twisting - 3 \ 4 \ 5 \
olotimes | | ii20times Over 20 times &> | & EEER
2b. per minute per minute per minute




