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ABSTRACT

Introduction: Workers in car manufacturing industry are at risk of a high prevalence of musculoskeletal
disorders, especially low back pain. Therefore, in the present study aimed to design and fabricate a
portable device to evaluate the low back kinematics and to compare these variables in workers with and
without low back pain (LBP) in assembly lines of an automotive industry.

Material and Methods: In the present research workers postures were assessed using OWAS direct
observational method. Moreover, simultaneously, prevalence and intensity of low back pain were evaluated
by Dutch Musculoskeletal Questionnaire (DMQ) and Visual Analogue Scale (VAS). After fabricating motion
analysis device, a field study was conducted using the designed device among 16 volunteers to investigate
low back kinematic variables in two groups of workers: LBP and non-LBP.

Results: The results showed that 62.1 percent of all working postures were high risk with corrective action
levels of 3 and 4. On average, 86.1 percent of workers experienced LBP in the previous 12 months. Regarding
comparison of kinematic variable in the two groups of LBP and non-LBP, workers without LBP had higher
degree and duration (in second) of movements (forward flexion, lateral bending, extension, and twisting),
as compared to those with LBP. However, only movement range of forward flexion in non-LBP group (mean:
64.29 and SD: 8.41), was significantly higher than those with LBP (mean: 58.97 and SD: 11.34).

Conclusion: The device can be used as an effective tool in the ergonomics studies in the field of back pain,
due to its potential to record the kinematics of the trunk, as well as its lightweight and non-interference
with the task. Device’s validity was acceptable based on the comparison of the results of this device with
those obtained from inclinometer.
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L. INTRODUCTION . found that prolonged lumbar flexion can increase
Body posture is one of the factors affecting  the risk of lumbar disc injury and consequently
spinal compression/shear forces and moments. the risk of low back pain. Shin and D’Souza
SPeFiﬁC'fillY> thf_f lumbar pos.ture and movements, (2010) investigated the effect of repetitive back
during industrial tasks are important parameters movements (flexion and extension) on low back
that determines the internal load distributions, pain using electromyogrphic signals and they
and can increase the risk of lumbar dysfunction. showed a direct relationship between repetitive
A review study by Nelson and Hughes (2010) flexion and extension movements and muscle
* Corresponding Author Email: amazlomi@tums.ac.ir actiVity Changes in the lumbar muscles recorded
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Fig. 1. The designed lumbar motion capture system in the present study

by the electromyography device. Survey of lumbar
movements provides the possibility for accurate
prediction of the onset and severity of lumbar
injuries. Therefore, there is a need for methods
and tools to assess back movements in order to
prevent low back pain and injuries. The currently
available evaluations tools can be categorized
into questionnaire-based, observation-based, and
objective methods.

The questionnaires and observational tools have
been widely used in a wide range of studies so far.
Minimal interference with the workers tasks and
the low cost are of the benefits of these assessments
tools. However, the results are vastly dependent
on the subjects’ evaluations or experience of the
examiner. Another limitation, which limits the
generalizability of the results, is the inability for
continuous evaluations of tasks.

Considering the role of back movements (number
of movements and their duration) in development
of low back pain and disabilities as well as the
need for objective and continuous evaluations of
these parameters, the purpose of this study was
to (1) design and fabricate a device to evaluate
the kinematic variables of the trunk and to study
the effect of these variables on low back pain
among employees of one of the car manufacturing
industries. Workers in car manufacturing industry
are at risk of a high prevalence of musculoskeletal
disorders, especially low back pain, due to direct
exposure to a wide range of ergonomics issues.

2. MATERIAL AND METHODS

In the present research, following task analysis by
TTA technique, workers postures were assessed
using OWAS direct observational method in order
to identify high-risk workstations. Moreover,
simultaneously, prevalence and intensity of low

back pain were evaluated by Dutch Musculoskeletal
Questionnaire (DMQ) and Visual Analogue Scale
(VAS). After designing and constructing the
motion analysis device, a field study was conducted
using the designed device among 16 volunteers
to investigate low back kinematic variables in two
groups of workers: LBP (n=10) and non-LBP (n=6).
The designed device consisted of an accelerometer,
a magnetometer, and a gyroscope with sampling
frequency of 30 Hz.

In order to test the accuracy of the developed device,
it was attached to the movable arm of an electronic
goniometer (Sammons Preston, Rolyan, USA). By
adjusting the movable arm of the goniometer to the
desired angle, the angle measured by the developed
device was recorded. In the sagittal plane, angles
from zero to 130 degrees with an interval of 5
degrees were recorded three times. Similarly, for the
frontal plane, angles from zero to 50 degrees were
recorded by 5-degree intervals three times. Using
Spearman correlation coefficient, the correlation
between the results of the goniometer and the
developed device was obtained (r=0.7 to 0.85).

3. RESULTS AND DISCUSSION

The results of analysis by OWAS method showed
that 62.1 percent of all working postures were high
risk with corrective action levels of 3 and 4. On
average, 86.1 percent of workers experienced LBP
in the previous 12 months. Furthermore, mean
(SD) of pain intensity (ranged between 0-100) was
obtained 57.95 (15.46).

According to the findings, non-LBP group
had higher job tenure than those with LBP
(P-value=0.024). Considering the participants’
anthropometric characteristics, the height of LBP
group was significantly higher than the height of
non-LBP people (P-value=0.04).
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Table 1. Comparison of low back movements’ magnitude (degree) in LBP and non-LBP workers using Mann-Whitney statistical test

Movement
LBP 58.97
Forward flexion
Non-LBP 64.29
LBP 10.4
Lateral bending
Non-LBP 11.58
Extensi LBP 473
ension Non-LBP 6.55
LBP 14.4
Twisting
Non-LBP 17.20

Minimum maximum

11.34 48 75.78

0.05*
8.41 54.20 76.33
3.20 7 14

0.63
0.56 3.50 13.50
0.56 3.50 5

0.71
241 5 10
1.34 12 15

0.54
2.16 15 20

Table 2. Comparison of low back movements” duration (second) in LBP and non-LBP workers using Mann-Whitney statistical test

Movement Group Mean
LBP 22.94
Forward flexion
Non-LBP 24.7
LBP 1.39
Lateral bending
Non-LBP 1.8
Extensi LBP 2.9
ension Non-LBP 35
LBP 2.7
Twisting
Non-LBP 2.7

A significant negative correlation between low back
pain intensity and work experience (P-value=0.013
and r=-0.253) was found using Pearson correlation
coefficient. In other word, pain intensity decreases
with increase in work experience. However, the
correlation between age and pain intensity was
not statistically significant (P-value= 0.290 and r =
-0.11).

Comparison of different back movements in low
back pain and non-low back pain participants
was done using Mann-Whitney test (Table 1).
The results showed that the mean forward flexion
angle in LBP and non-LBP groups was significantly
different; so that non-LBP group had greater trunk
flexion (Table 1). Moreover, the average duration of
maintaining the posture for all trunk movements
was higher in non-low back pain workers as
compared to those with low back pain. In addition,
the mean duration of forward flexion in both
groups was longer than other movements (lateral
bending, extension, and twisting). In the study
by Sheeran et al. (2019), the spinal movements of
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SD Minimum maximum P-value
17.04 4.7 7.84
1.00
17.7 55 8.6
0.78 0.3 0.67
0.63
1.1 0.5 1.1
1 0.8 1.3
0.59
2.2 1.5 1.9
1.8 0.7 0.99
1.00
1.3 1.2 0.9

people with low back pain and non-low back pain
were measured using an IMU sensor. Similar to
the present study, subjects with low back pain had
significantly less range of motion (ROM) in the
lumbar region during forward flexion than non-
back pain subjects.

Regarding the number of movements performed
by worker with low back pain and non-low back
pain, the mode (maximum frequency) of forward
bending among participants with low back pain
and non-low back pain is 6 and 5, respectively.

4. CONCLUSIONS

Overall, in the present study, it was observed
that kinematic variables including trunk forward
flexion, lateral bending, extension, twisting (in
degree), as well as the duration of maintaining
these postures (in seconds) are greater in non-LBP
group as compared to those with LBP. However,
these differences were statistically significant only
for forward flexion angle.

The designed motion analysis device could
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efficiently differentiate LPB and non-LBP groups.
Considering the capability of this device to record
workers trunk kinematics, as well as its light weight
and non-interference of the device with their tasks,

it can be used in ergonomics assessments in the
field of low back pain. Moreover, comparing the
results of the designed device with those of an
inclinometer confirmed its accuracy.
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V1-00 Oilaiw 1100 gy /1 a)ladd /11 sla )5 oyl § Caibvlsgy aslibing

LS (o 33 05 Suiloist o 200 1> Cud JiU ) ol Colu g 2100
Sig 995 Crio S jlige bglas 49 (559 05 ué 9 (5939 05

T Slhgyd ooum )y wlee Todliusle dumw (Bl Gy M sogllin Jole

Ol Ol ol s (S pole oltils criilagy 0aSails (gl by ullagy qusiges 09,5
0aSLiils ¢ 05355, 09,5 | )l eyl e )l ys Sy pole olKiils cilagy 0aSliils (gl 48y Clilagy (pwdige 05,5
Olrl ol Olnl (Sbzy pole olails dlage
Ol el el (S pale olfiils cuilags 0aSails (gl 48> Cublagy wdige 09,5 T
S IR0 S 53, ool oSl Blagy 295l s ol 5 55t 55

¥R VIV oy AFE /PR sl o pu b

omla =

cg il il o 0,0,08 ofrgr (SHae Sl SYHEST VL £od (5 yme 40 cialisee ST pile 5 Sljge
ool sl 5 a8 (SSleS lo s SUyl ez By oKns S el 5 (2lb Gua b Lol ddllas
b ol (65lug 95 mlio 51 (S Slige Lokt 15 (63,9505 508 5 (63,005 eléld (Lo 5 DI >

OWAS w...w 6‘ soaliwe L)"B) )l ‘5).5 0 342 l; TJTA ‘.)“3) O ‘51,'"))'3'][;‘)‘ B s,@l} u‘*“j)" o 2)[5 uﬂ’)
Ozt o (llid YU S las b )57 sl ol 9 285 )15 b1 0550 05 6,5 sl sy
5 g9 (VAS) (o)l (g0 a0 (wlie s DMQ) guile SMlac Sl dolicw 5l oolatul b lojan
Sleslawl b glas asdlas ( by oliws el g (b 5l o calsl jo0.28 5 18 ) 15850 9,0 105 ud
Gl 5 3l o9, 99 595 5 yoS (SiloksS (sl yite () (309031 VP 59y p 0sd (b olSis
A bl 858 168 gy 5 9,3 6

LIS sy 0 9550 (6,5 Gl yorwgy ool 5l asjs FV/Y aS by Lis OWAS g, 5l Jol> mols e asdly
ole VY (b BaiS a8 ,5 5l as o AP dhwgio ek aing B o ¥ ol sladl coglgl L YL Sy mhan
OYIAB (Y o=+ 00 diald) 5,0 ads (Glro Blyoul) (1Sl ol 5 ogde .aidgad yi,135 1, 0,0 108 a2 aldS
Olis lo 4Bl (55,0 508 18 5 (69,0,05 09,5 90 ;0 SSleiS (slb yiie duolie ogas ;5 del Cusss (VO/FF)
(450) b5 > yloj a9 (4 )0) Al iz dild g ciie e (ool oS gl e OIS > oled aS 0ls
50 (4350 gl ied ails Lo (g kel Blodjl a8 s jo il (o (58,0 508 81 51 iin (69,0 565 8 o8l o
5 eile) (69,0 505 0,8l 51 san (gle e jekay (AFY 9 PFITA 1 Lae Bl ol g . lo) (69,0 505 pue o4
(P-value <+/+0) g0 (VV/YF 5 DA/AY 1 )lixo 3l <l

ai by b olSiws 315 pae g 08 S piomad g 0aid SSletsS sy p0 Il colil8 4y an g5 b 1 g puF asei
delio cogdlay 5,5 ooliiul 933 08 aba> 10 ogisd )| Slalllae ;o cenlio 5yl Glsie 4 o] 5 Glg o S8

b ool ol 5l edwl Casas w2l Coro Whe v cud oBiws L oBiws ol 5 vl oy s

L;)'Ld;)d}} :‘ﬂy}i/‘dfﬂb’[)&/:&‘W:J)Jﬁr :(S)._‘.lj olls =

amazlomi@tums.ac.ir 455 Jgime oo g5 Sy xSl o 3



250 Qb lr Solite (2l sl b,
& o5 oo B by ol aloz 1 it o oyies 53
e )l gy delidin (e (b3 b,
oor $lp 08 o)lal (e (2Ll ) 5 cenalin
ol osmlin slaylpl  Sdlac— Sl cYS s
QEC REBA RULA OWAS .3 ;| souxis
5 byl Ol rmasie 4 aS el ons &l 5 >|,b
il b b e s bl sl e 5l (6l asgore o
Slosalin slajlpl ul o oo 1) Loyl olge
g &l oads oolarw! Gldllas jo 00 xS job 4 eiSL
33l e,l8 iyl b J3las J8las (1 ol s o] o
Sz b ane g bl Jlao a5l (7 g asdllas 590
&l oamlive sla 5l wsmg ol b ol oo asllae plox
A8 LS AT Sgesl 425 9 (lly 4wl 02
Olg 08 35,0 a5 Cewl pl ooy S sl Cusgase
Gogazme olaai LS g 3,5 L2l pglae yoka 1) (0L)|
wodle 4y ol 13 Sl ojse Gley oo 1) a5 )
L byl @bs el Wy oo 58 (S9y0 slo Dol
(D) a2y L8 SU cou
@hls 55 (£ 25 908 23D e sla L)
oS Seillegy oldlas il oo gouxin slo g,
ool Yaexe il 00,5 oolawl oS iomiw Jilug
Slp goaxie Sb3,l sl (7)) wils oYL jlael g
0aisS oloul sle Sy ) 9 a8 SileiS s U 3!
ol e bl ol Al 51.00) el o &5l] 5,0 a8
Lumbar Motion) « salss8 g Sl cygmmen (60,140
BodyGuard.Spineangle .LMM (Monitor
Jolis Koo slo olKiws 5 oL 1, Orthosense .
s Orthosense 4 BodyGuard .Spineangle
Shs (AY) ailoas wl)l 5 Sk Ll, e 4o
Sl SO Glgim CATIA g, 51 (Y4V8) o) Ko
G OB S Sl s siludae Cu
o (V) Woged eolaiwl Ko adg a5 Ll
G s 5L (TN L Sen 5 Sipan asllas

6l ysie auslie g (5,5 ojluil cy> Vicon oS >

1100 )lgy /1 a)ladd /11 ala 5 giay) § Cabblagy aslibiod

ohBas g oglbs Jrle

doddo =

2 NS slayest ol (o S sle s
Jbe jokay Bl (oo DS gt 03l liad (e
syrg JElie bl 5 o (b o5 | 5 50 awiliaz
5 o0l (5,liad slog,s oloul 4y i wily oo wyls
Ll plasl o (aroee Joolan g 588 g 5 0)l5 )Lis
ceslials gl Condy ol olalllae el aias iyl
prole b 4 (BB lad Jeeod 4 e ailys (oo
Seand B Aml;s 105 Wl dlge (Sealil
Dgd (oo Sews 3B a4 e plxlie g odd Juged
b 5598 Olie lB) e ceslials slo gy
Eod BV 5l S0 (Ko 5l & eud (6005 4L
() Gl dnale 0l 31 0 15 5,0 108

Juoizl I3l & e 55 oo 3 oS SIS
S5b S5y allls 13 5 (sysbo 355 58 5]
Sae SYgb isld a5 0l asin (Yo V) WSeo g
PRS- SR PISN IS VVEUO JE VINIRT [ PR 5%
gms 5 oy dnlllan (V) a2 Lial3dl 1) 3,8 508 Jlozs!
HSIE) oS 5 S0 LIS 1 3l gy Ban L (V0N )
EMG ofiws ) oolatal b 0,0 ,05 p ((piiinS| g
5 2K ST 5 2SSl o s o ols ot
ol blijl oS oMae o SMae cac Ol s
et e 25 > arels Sl b a5 & jpn o]
6 EMG ol&iws awg ood ol SHlae o Jls
Oloddgm &5 (sl addllan yo (rizman (1) 05 (oo pouis
aS wols las wisls plsl Yoo F Jlo o il S
555 8 ole A8 Tl 5 58 Al ol S
(F) asb = 3,0 708 0dilS ysd

ooslal ol Lo ay o8 b5 > addllae 5 o)z
s @l (608 (slo sl a5 5,0 b ans e
S owpp o oS S G 65 50
GRS gz 2,509, o b g ol jo Wil o0 (608
3 oy elyy il 00t K8 atb iy Sl as
Elol onz sl @lalpl g b (g) wiejls 9,565
el (oo Sedled ol 5o oy 0o)ly slajliad

o



O35y 03 LGy olGIws Cadlw § ahb

e lge > 50 o)l Ojge 4 asllas (pl
adllas ol g0 .28 5 sl g5le g 095 slo &5 L5 )
G ey e slayite by Lol San
i SIS o ullS 5 5 e e il e sl
S o 55 5 o 5 e oo e sl o sl
PSR SO DUt A IV
Sz 45 ABb (o0 jlge Lo (IS )0 9,0 05 4 S
A ool Siitwzd yguw S, 5 IUT 51 e ools o
Oimed g (did 9,0,05 (2l Cwz 0¥ diged slaw
o7 Jset ooboly OWAS g, 4 iz 25
Hokates a5 del ey a8 VY St 3BT (6l ages
ool e . cdl el b VY0 W ol ol cds il
Egeio 9 AT a3l ol QBT g lel ylielol axlllae
a8 5 b 0 VO s Sldllas @) dx g5 b 0,005
Jgrine (§5lwg 093 Canioiliige o aw a5 buil 5ol
G le ol e 5l G @ Wiged olaas g Collad &
2SS Lged gy @Blgye ad bl (Blai ek
aSG ok all (o ool Bolal g adb asllas oyl
bl aib o 5l g 00g 4l SO 5lige La> o
ol jghy diged o8l Glge > 15 Comax
oliws jloslaiwl b b)) al> e 1o . aigd o ol
SYsb 5 diged pz> 35 Y o 4 (IS > I
o sly oS e WUl dRiws 5l eolaw! ley oy
doyd Ve aisle A )5 cas SO o) 0,8
I asye Ve g M=) wijlas 5068 as ST IS
Syg0 ows L1y M=V ) &yls 50,65 a5 SIS
dolo (5l 45650 diges slass ols 18 Lo g 4y 5o
@ S 09,5 Sy )0 9,0,05 4 il (Wil S 0y S
15 51 05,5 39 ot ST B aBl ¥ g 038
Ll cwn jlolias s L]

Lol 5 allae plosil oy

S, o i g (Task Analysis) s 2 JGT

2 Jelie oeles (id oaims LSa5 cinllsy

9\

shlo ol 09,555 93 50 lose pgiw (SleiS
oo 5 zlo (V) o colatul solasl o) WS
aols <o Gl |y Gl pls LMM s G (Y4VA)
2 gy e Clid g S g (S0l (S5 >
sals 1,8 oolatwl 8550 9,0 ,65 lils ol 81 [Leg) amls
S yganis jloslatuwl b (Y 1Y) o) e § (6,501 .(VT)
i)ty lese pym Slers (IMUs) Lo !
) Woges

o8 ey o plad ad s sl Sldlas
Gl 4 g, Sl pedtns (625 ojluil (slo alowy
3 2l Covgasms sl lug ol 5l eolatl Ll cuvn
S a4 g s o LMM. (e sk 0l oo
hob buly o e g ez 1B S s
Sy Cadgazme bl cel G gy, weal Pl
BRIPE COWESIIE ) [P VRE SO T IR P N N X e
il 53 sle Cusgume S 20,5 o0 (oge)]
5 Sae SYeb sla b))y alsy ol sl eolanul
D3l oo axlge HISn L], Sl Cozy sy
x>, BodyGuard 4 Spineangle ;| cola.l
2,5 aiie bl ai)lai |, LMM la cosgome 5l Sy
o o 5l 65l g > ase (pizmed g lug ol
S g oog Sgaoe Jolug cnl (9,8 9 oVl Lo
M) sl oo 2Bl sla lass jo ooliiwl gl

S el ol ol o G5 Abs 4 4y L
oasS olml Jele SO o Wlgh o oS OS>
90 4z 5o 1l T b L je Jelse 5 950508
Slass ale I o857 D> 5 S5 layeSls ol
axdllas 3,50 (5,15 oo j0 &S5 > o) Bt g IS >
cole g 2l pols addlhs Buan g0 51,5 )8
A5 oS SloisS oo it o) sl olSEs
lo 5l (S Glele e ;0 950,05 o piie ()l
5 S3log s

11€00 )lgy /) d)ladd /11 Ao )5 (ian) g Cublagy asliling



Jolge) 0)0505" g udl (gages i b Laye
Uyl slo callad 515 L L, e oS ol
S8 oolawl 5550 (0,0 08 CatsS g« ilS )8 il )8
Syl s,0 Sas 6,8 ojlal jelate a0 (VA NVY) C8 5
oolawl (VAS) "s s gam ax 0 whie 5l oo
S a8 el et Vo b S el ol s S
o1 oo Sl 5 (09 525 pae) yio sus ol sl
awlgz ‘5509‘)'\ 3l (e 350 (3 FuAl) 00 das
S Cadle b (59, 095 3,3 (e g b S b
0,5 65 ojlail o 30 s e 1S las leslazwl b
Cawds 03¢ (o 03ld 3IGT yley 4o 4 canl SIS @ oY
o oobie cpl ol Lo Ve b a0 o5l &g ool
25 42 9009 9,0 (G 4z 53 Sl s (2 ees
S8 ookl 5550 0,0 L s po (sla gy )0 00 S
bl g aleze gl calol o (Ve V) clas §
bl 85 S8 ) 3550 00 (5yl0 5 Aslidn
SWI (g, 5 0ol sl Uogy eI b asliis
@y 2lg) (o sskite 43S (o) ELS9S
S5 90 ey 5o ol oo s gl L5 ) 50

20,5 oolaiul

S gl Ll Sl 5 b
5JGT 5l esle g b a8 (gom al> ey
Cduw idw 90 Jelis &8 o 3BT Il o alomil o5,
O G o o o8 w0 )13 25 5 )l
olped 4 (I g (pbline (65 o3l s SO
Seolyen & andsy BB 5 (oe V) S sla K>
Cow pli Koo dw (0058 fugnd) 00iS (SaS
Sly B 53 om A i Guebline o g o 4
b e )3 o DB > (o Slp & el S
Sl e a8l (o clie LT e
&5 3l spmi iz 5l ISz o0l (b 3D o5 >
e 3D g Sl Sl 5 e0s eyl 5 bl
3D (g J9) g blise So 5 3D sSss nls

ohBas g o0l Jsle

3,90 )Luya s aw 5 ).la>).: Lg)lS Lgl.b oLi'Lu..i‘
Gkl B Gl a3 S 18 Jlod g e g (o) 2
S sl 6l s93ge sl S alal og sanlic
J9i gy 4 Al g alby 4 by e Sl
aalal 5o e (VF) o8 5158 g el (Tabular)
o0l b Sens ) gl Blod 51 39250 (5,15 (sl (K
2 00) wd S s bl o,00 OWAS SLsS )
i 505 ¥ oS Su b o sy OWAS i,
Do 5o o 0ol Jlosl (5955 5 daly el s sl
Lol b Vsl ol b ¥ s ol s F
solawl o9 Q'.’-‘ JERE% JL«:] (89 6‘)‘.‘ [ES o 9
B a5 Jyir b gy F o il 0 555 o
Slaladl el 5 o0 gabaze ool Slaladl gl
i 4 008 o e o OT 5l 050 (L
pladl slxil) g0 (o)l jls Pl ) S 05,5 Sl
@ ol pladl) aw (ol L5 5,90 sai] jo (ol
K50 (2 (el el Jlez 5 (09 plasl Wb (539
ol 3 deol s (7)) axsl ge (35 plnil
b il 5 )5 o oKl olulid cuz al> e
0aisS olml (slo,giS1E S, i I YL S s

A oolaswl 8,0 505

3355 (b3
sl o] 15 )5 sloyzws b3 L Glejen
Syg0 50 B 4 Jorie 3131 53,05 Cundg Gl
G o odlitul 8)9e dslidiwy (23S 1E OL)
e ISl iyl s e ol 5l
iz ol aeliiin, ol oxsl o (DMQ) ) sails
SS90 (sla dasiin) (ages iSu dlex 5l i
S5 Cdlr Sumdy gel ) Sl (sl ares; g
Ogel) S L b e ((Dlae- Sl WS
il iyl b b (o bl i el
95 038 egaz)s polaidl (Vse Guizes
Nl axllan ) 5o el L 5 30,8 slo o

2 Visual Analogue Scale

1Ko ylgy /) aylad /11 sla o5 giasl § Cubblagy asliling

1 Dutch Musculoskeletal Questionnaire

£



O35y 03 LGy olGIws Cadlw § ahb

il e o0 b

A yo 0 wWiws o Slee s g bl as
AN Gl 990 wiged o 4 azgi b aslllae 5l gom
pams Al po 35 45 (o)l5 ol oSl 5l aisS oS,
lolid Y Sy b oo o] lsiny dalllas
b oS lS o 5T 5 il dolay jsb a4y il oad
a0l plodl ol 31l gl oals (b Il 5l ool
S & Lo Pl g (sl sl Cosgaze L
2 o cead el GBI 5l 29,5 5 399 o5l
Ol 395 pdy Ol Cel A B @y 08 18 )
Vo Bl o8 e lpilby (g )5 4z L
al> o 50 dles 0 5 ol ollws b JulS ()5 IS
oy § 6l oamline Slalllas 3l ons a5 gla ol ()3
&olel saxte sla g, 5l eolaiwl L aiws slo
Kruskal- ; Mann-Whitney Ls4,5 sl Jols
Sl 03051 9350 B3y (Sread ey 5 Wallis
4 (Shpod 0 9 glig)S Gl axd S )18 6Ll
SIAY 5 +IAD oy VA asens SPSS 5l a5 SaS
VY LR
b asl, =
S 62“’ J u-/-"*‘ /;:jL;f

oS g n; o did 2L (g 5l eslial L
03,5 zlyminl 0 (oo plol jlige bglas 51 S 2 5o

(4

oy

(2 ) gunins
Silwg g Lo jo LSy }Jbi oltwd 3l eolasiw! (& o =l (5 ).JLJ olBiws (A1) s

oiws (g )0 diges iy Al oo ow> Ay SO 0
Sy g ol b olSiws ceal gz o Fe Y
2ol &8 o 5 353 Sl 6 nSslr 5 b (Sogesl o
03,5 oolitul YU ceeglia b slo @il 5l ey 59,
TG b earde Wl (59, p oliws izmen

D98 (6 S ol codlad plowl ro oy 2w 3l (S5

b ool el 5 4y 5 5 S U3 i e
OO S g el Sl (sl IS el 1
Sammons Preston-) o labesl z 00 elssS
&35 » T s O jee g3, » Rolyan-USA
e Gl S 50 Sz azgi b yldsT S e o3l
O3 dgly Gon feliss S 2e 595k pelan b s
Gk Sl s b alosg 400 (625 o3lail gl ¢l
05 Ll s D90 4 g odalie FealS Hetile
5 reldss sblsy Jolss Bayb 5l i el 285 (e
L3S B oy e i ceed et SS1E Ll
lols b az )0 V7 b jho 5l L) Jluzrle axio o
g 3 amio ;5 0 alowl S5 b dus g (gl dzye O
Lawlbglaz, o0 alolb bax,0 0 U a0 5l Llg;
o0yl 51 eslitl b dblg; a5l ool 1S5
(et (S i eyl (e i y5 (5L
A G I o el 5 oS > 5T olS2us gl
S o bl olKiws Coro g CBs e a5 dal Casy

11€00 )lgy /) d)ladd /11 Ao )5 (ian) g Cublagy asliling



ohBea g (eglbs Jsle

G3lwgyd95 SLige b duw 5o o355 sy s bgy yo (F-) 16 p0i aivols) OWAS oMol pladl ol g ) Jgor

Y b )0 5kuge Y ol ceas Y 1B o dwrd i

¥ S5 51 sl s v IS s i ¥ Al J5 1 51 W an oyl 1

v Oglb s v Bgre Lkl B coai v By G o o

v 0L BB o s 2315 ¥ Sl Jo 5 Bl ¥ i s

¥ B JgeS S e f S sl ¥ Je— i b Ay g s cuas
Sl

¥ Sy aegee o v b o)) el ¥ Jlm 39551 bawg 55 Ol (Suw i
Soile

£ 5 Jy e v 3505815 o Y S Sl JgS s

f BSI slacs gus oai Y o 505 > 5 gy s ¥ adly J510 51 (Jado iiils

¥ Senl s f oS e f (o cuai

f 5 olosd s degame o f i IS gz el o f ol 9 Sx o8 e byl St o

abgsye slocS su Ol Lo Jlez 5 oo bl p) S 9 €7

- - v )9l el s v SFb ceaig Joor

- - v I s ¥ 36 dg) cuas

- - ¥ Sy Sl 05 b ¥ S ol

- - ¥ S5 ceas ¥ o) 9 g OB e

- - ¥ Jore s ¥ By S g0 o

_ - - i (i, § &S i

- B B ¥ 39l 35 dod i

- - - v Al J515 51 9 o (2810 1

00508 obml po 1) G i 5 sla)l
e aw jo Rl G155 0 5,068 gend il
Cowdy duoyd VY 5 AF Ve 0 00l S8 5lige
b oBanS e85 5l ao,s AP S jglay a5 el
ey NOg 00ged 4y )2 ) 0,0 168 AlhAS ole VY
(Al oo o=V e QT 0 yed diald dS) 5,005 Ll
S o0 mSlas 9 0 00 Gl Jlas as oy oyl
Olre Sl 5:S0ho Grizrad (im0 Av 00
Sy (YOIFP) OVIAD (Vv o =2 0,05 aald) 0,0 ol

Sl
G aile 5 G e Sl g Sl
G slo o] o I8 4 Jordee oS o850
10 OWAS g, 5l eoliul b ool cavss ylas
sty Jls OEVIN 5 YOISEEIE) iy ol g

1100 )lgy /) d)lasd /1) sla (5 (iay) g Cublagy asliling

W Ml}u OWAS o),o.s d.o....‘osj.s)}b st; e 9
)9.|a_) Sl 0 4§|)| \ a)Lo.«f.v Jjb 3o d..lojg).c @L“’
OWAS s, j Job> mls ols aallbs 5 IS
S50 5,5 loyorwg (soled I FVY aS ols ol

.J.S\by.f 5\H

9,008 b,/
o lge b aw s KLs LSS sl

Somdy pogas)s vy i FA 5 Fe T
VOV DAY o s fgazmnyd (oSS &S 1 asdlas
Lo,® b 1) 053 Cadl Cardg duoyo £I0 9 VAT
do sl Gl 53,8 b))l 9 g o> Loy
O3Sl s e Slelal g (23550 sl ]

g\c



0058 C3 JyG)y olG5ws Caibn g (ahb

(Kruskal-Wallis g Mann-Whitney (Ll b ¢yg051) (659 505 s 5 (5355 yoF 81,31y Sl 15500 (G yutcin dunns o .Y Jgui>

S[-YE? YI£5
Yi$
VA YAy
2t
%7 s15
oAy
<[+ AA VV/BY

IAY
£10
Yo
YVIvy
\Y#/a8
ANATA
Ya/ive
\Atld

3,950
63,005 é

&30S8 o
©3,0,05 zé

8930 5eS a8
©3,0,05 b

oS o3
&39S

30 oo (1) dow Lo 4y by oP-value g 60,8 poS jul 9 (69,0 305 31,3 10 (42 )0 Cows ) poS ilio O o (0 (WSSl ¥ Jour
Mann-Whitney (s ,bl ;9031 31 oolisw! b 05,5 g0

N YOIVA £A VVTE

oY OFIY A

-IpY Ve y YIY-

YD Ve ViYs

-V ) vio- NG

V. o Y/

- (0¥ Vo VY VITE

Y- 0 YIg
R O et o po )l sslatul b e
s (o S ol ol odel e s ol

S)ls 2929 6,1 able 5 9,0 SaB (o 6l (e
OBl b aS ol aigSs (r=-+/YOY 4 P-value=-/-1\Y)
Wozg (nl bl oo el 0y Sul )5 adls
S g s)lel Bl 5150 Sal g (s (e (Ko

(r=-+/\\ g P-value=+/va-) sgs

Sl slopsio D)
oS Ol > odgaze b bad e oy Oledbl
A oauS a8 0 ol Bl eled slp (a0 cans )

J992 53 (63,3505 18 5 (59,505 09,5 93 SSE
35,5 o dlioMe a5 jghailen ol oad @) ¥ 6Lt

63,0705 e SR )0 &8 > plie 3)lge (aled o

90

OA/AY &958 508 oo o
#fIva ©9)0 oS
\RVAS (8339508 e E e
VV/OA 890 S
vy (8930508 G oS
7100 893005
AA7AT 88,0505 A gz
\VIY - 8030505yl

09,5 SSE 4 Lo Soge;l bl Fges wledlbl ol
oad LIV o)leds Jgazr )3 (63,005 b 5 (63,55
4 ool Cavds sla sols yogs Jlop 4 axgi bl
33505 j9y p SIS 900 slo it Sl (o) jslate
@bl sl g3l 5l Gedlh g ol (o))
oolaw! Kruskal-Wallis 3 Mann-Whitney
GO amle (V o)leds Jguz) b adl b 00,5
B Shlo (69,305 208 5 (639,05 09,5 313 o
» G Akl Gl a4k wdl e g S
Aol oo (690,08 Bl 5l e (60,0,08 e ol 8
$9,0,08 83l a8 opl 1 ogde (P-value=-/-Y¥)
S 938 e BBl W8 Gl i gloliae ol

(P-value=-/-¥)
5 IS ARl b 39,08 S G (Fiaas

11€00 )lgy /) d)ladd /11 Ao )5 (ian) g Cublagy asliling



ohBas g oglbs Jrle

99 30 oy dunt o 4y b gy oP-value g 60,0 05 jul g (6350 joS 31,81 50 (Al s ) poS iz WIS > yloj (Sileo .F Jgui
Mann-Whitney (sl ;9031 3 oolisw! b 0g,5

\ YIAY Iy \V/-¥
NF NN \YIY
[P /7Y -IY <IYA
A <10 A
<168 VY <IA \
VA A YIY
\ AN <Y VA
A \IY VY

S8l (sppnds
Yy/Aaf 85,0 yaS oo s
AATA (93 oSyl
AR 8959505 sl s
VA (593 oS s
Y4 65058 e hos
Y/ 8930505yl
vio 353505 A5
YV (8§93 oS s

G930 505 pul 9 (630 yoS O B ST 4y (6,5 JSew 00 j3 oul plexil yoF alizeo OIS o (Ao S H0) (M) dlowi (Kl O Jgo

6355508 e ol 3l
Sl SBlos il o 4l PSlas
s Y FINY 4 4 A
Y -/q \ \ Y
Y VYO . \ Y
Y Yo . 10 Y

TP VS TR VRSUL ¢ FORPY PRSIV P SCVN RO
69,0705yt 018 09,5 93 52 )3 gl e Comdy
(4l YY/AF) (69,5,65 01,3 ¢ (4l YV 1. Sle)
g A home s ied) OS> ple 5l i
S5, ol o awlis il o (Sl s
oolainl b (60,0,05 1ué g (69,0 ,05 ol 3l o (S >
Jga>) o plwl Mann-Whitney s ,lLl g051 5!
O Loy D 5 ke a5 ols Lias gl (F o les
LT Gl (69,0505 e 5 (69,0,05 ol 3l jo ol
pll OS> slaws pgas ;o bl s gyl g
J992 50 @mlS (69,005 f 9 (63,9505 831 ;0 00
35 Jgaz j0 a5 jehailes ol sas &l D o)l
2 slr e (Sl i) e 05 m ali>dlo
TS (63,905 18 9 (63,3565 (BALS ES L (e

1100 )lgy /) d)lasd /1) sla (5 (iay) g Cublagy asliling

63,305 ol 3 ols >
Sl Sl w | abe
¥ BV 1) ol6 ol i
s . ) S e
VYo ) ) e s
-[5Y \ s AT ey

Gl Bzl Sl .l (60,0 ,05 ol 51 o
G0 e 9 (63,905 095 )0 sl e (e
ol Cawds PFIYA (AFY) 5 OAAY (VYY) Cs
Dl > 5Sle) oS @it S5 > ol anslis
60,0508 8,8l o (0lf,> Jlade Slas g (JSlos
Mann- skl ;ee;l 5l eoliiwl b (60,8 ,05 ué o
Y oyl Jgaz) <é 5 13w, 5,90 Whitney
o8l yo o> Jied (s (2 Sls a5 Sl lis s
GO e DS Gl (63)9,05 528 5 (63,905
©3)3 505 € 09,5 )3 ;5500 polie aSy olay Bl (oo
(Y o,leds Jguz) cCawl (69,0 505 05,5 5 i
S » ol o b oo ey Sledbl
5 69,0508 Ol 50 (Al ) joS OB >
yekilen .l ouls ools L ¥ Jguz )0 (60,0 0S5 1
oled baax o S (Kl 00 )5 oo alaxdle oS
69,0505 31,81 51 s (69,0 05 58 01,81 o S >

99



O35y 03 LGy olGIws Cadlw § ahb

ol,81 gl o g0 gt S > (Yo V) o) Ken g s
IMU g 5 oolinl b (60,0 505 1 g (63,0505
ol dadlas b glin 00,5 duglin g (6,5 ojladl
s gyl gre jeh (60,0505 o8l adllas cpl o
et > sleg) 420 50 S ROM) (25 >
OwgS ,8 (T0) auidls (60,0 505 ué ol 8l 4y Cond o>
3 geli-o 50 dsdlae SO o (Vo0 F) oK
6L® usLﬂa 3 U‘P LMM J)} )_Jl)T oK
S)ly 95095 5Lge) @lio OS5 G a8 SleiS
‘GJLLC 0‘9& u..:)‘b).: ‘5)095 Oladad )Luyo ‘u}mls 9
G (Wl sl g il ade (S oy
alic o 4l 5l .aisls ploxil ]S 09,5 99,005
2ol dg; pad o3 IS e ol aalllas L
6,0 S 5l oo (69,0505 é ol 3l o Jluzle axan
5 JUgsS amio 0 8k 4 Gad o3 (liee Lol 0g:
3 Gt (60,0,0S 0l 3l o Lo e dxman yo Al s >
Sezed 9979 (nl Lol ()15 9,965 (e o5,
s g gylel Bl sael ey sl glas )
3305 (5505 4 gl Ol on @lyys (V) wiogd
6L® 6))‘)~a‘ ‘60)0)4;5).:.& 9 Lgo)o/mf 03; d‘)B‘ as
S92y 5l (SBU &S Wi (oo plis 055 5 (Solitte (S >
Al (o0 gl 4 GAD 03 (> 9,0 3929 pae b
‘Smlii.ibaﬂ Gladlas (Yo-9) Ko ¢ (po
gyl g Hyidle dlewg 005 () n oz
(OPM) (Orthosense Posture Monitor)
g sy 8l el (Soaden il SO oy
5o g oo OPM e glo SiSS (5,15
Olie G5l 0,8 a5 50,0 s ralS 1) 00 68
Vo piSls adllas cpl j0) ool puss L8 5l 0SS >
AS o obul Shaden SO OPM .4, 513 (ax,0
30 0,8las saims lid o)lse ple ;0 Shauden 34 g
oaipd ylid dsllas pl sla aidl ol canlio aials
318 s Sae Jeb g lids jo b pme ialS
ol 0 OPM jl ool plKin poS cpiSIS ax 0 ¥+

9V

oy =
4l SolanS OlS o 59,0 508 ¢yl dnlllas o
o Sl s> mlio 5l (S el jo oS
woled o a8 ol olas ol adlas gle 4l o

(4l ) loj e g (420 s ) dials A
69,0508 3,81 5l s (60,0 ,08 e ol 8l o oIS >
(a>,0) asls s gkl Lldsl a5 iz o il oo
3 Sl @3S A s sl et 5
i oyl ime el (AE) 5 FEIVA ;Lo Gl el
5 DAY tlae Blomil § 5uSilie) (63,5,a5 o3l |
oolital b oSl ol (P-value - </-8) sg (VV/FF
Lol gy o ead olb oS o ] elSius |
oads bl Slalllas s Byb 5l 0005 (55 e
la)lpl 2l s 2lsy 2 i 5 b oliws plo b
ool dslie Bua b (goguzme Sldllas g 009 35 eie
ol alllae Gan b ol o SleisS (sl pitie
(Voo F) an 5 il anlllan ;o sl o plovl
Oy os 9 Sl g (V0T (a5 Sl
ol 4 gy paSE G (e (Sen (V--7)
S5 el 10 0,0 5 ol g a0 a0 YO 5l i
Gy polie a5 Ll 5l (VF-VY) wa 8 )l8
5 590,05 095 0 o sl pole haghy o ensl
Sl il (oo 42,0 FO (5o 51 SYL (69,505 18
@llby g 5,5 oKiws] PMol Cyz sl Sl
Lolilog copgas (ul )0 055 &jge plnl Sl 50
A5 e o 45 (sl anlllae o (Y1) o Sen
aos ol 4 il plol g3le 45 oilng 095 orio
SYsb ool alaxil (S5 G,B0L &5 W)
I Sy 5 e sl il ol g ks
S 5l (fsd Jo Jgis (LTI 09,0505 olox)]
e Jio conlinl (slo yzmgy cosbim] j2mg »ogdle
$ly 038w twd 0> S 232 (ol g sl
P8 aler il alides zolaw 5l (28, YU (rizmen 5 035
axlllas )0 (TF) ail (09,0 a5 L bad o sl Corg

11€00 )lgy /) d)ladd /11 Ao )5 (ian) g Cublagy asliling



$lope o OS> Wl oldl o g 09 LS (a8
(TY) el 1y (6,508 lade

Olees HLael YoV Jlo jo (il Sas 5 oylsdgul
ey Hgesle oKiws S (Concurrent Validity)
~ oS S > oy yo 1, BodyGuard oScws sl
Se b anlio b Jluzbe axias )3 (Shohsees)) (o5
;5 (CODA™) il calliole;l 8 > 5JUT pitacns
Sl o jehaie panasols )18 w090 @l 0,8VY
sk 4 a0 g S (paatST g (paSUS
50 ool 3l eolaiwl b oeoliws] 5 atwis slo Cumsyg
oo 5l Sl al pwypn oS cud oKl
5 15wl (1) 09 o&iws oyl 5l ool Cawd 4 SleMbs!
S, 5l o aw oS Judow SO (YY) o) e
L (Ergometer rowing) Jl,al cls b S
slas > Ll VA 0 SMART s 5l eolacl
zobo aiols ploil aids ole £ )0 0,0,05 adsls L Ll
O &5, aly Shal oS, s as ol lis
B sk 9 009 42,0 O Lawgie jolar jLueg) 588
JpleolS o ol s Gl )l b acglie jo I35l o

5y S b5 > eled frds Loy o (Kl
oly8l yo (a5 iomy g epiiiinST o oile aSUs gl o
el odal Candy (63,8 505 8l 5l s (68,0 508
L5 Yok oloy e ol a5 0¥ w925 (0l L
MLM )d Lgo).)jJ 05; )Qﬁsw&;ﬁ? dlf
Oog 5 olsS (7)) Woged (A1 (639,05 8 L
OSan pol> aslllas j0 (60,0565 ol,8l o 4 oS >
F o az o el caz (Goge3] 3 ) S3U el
abl 90y el Cuz ekl gFl il Sy g kil
Gk 3l ey sy 45k ST Sldlls s il e
Syl 35 alae ol lojed gy

90 Om SESges laaie pol> ragh o
D05 duolie (69,0505 né g (60,0,05 I3l 09,8
Gl sme ok (69,065 09,5 ol Bl Liuly pl o
05,5 & Cund (550l 03 (izmen 5 jeS () Al

1Ko ylgy /) aylad /11 sla o5 giasl § Cubblagy asliling

ohBas g o0l Jsle

@ 09> 590 axlllae )3 (Voo A) (WS92 5 ol (V)
Tobaw )0 (gatuin Olpsl oS wiShy gedse (nl
@le Ghals Wiy (o I Lo (SlSegn agzlse
o (St 5y Gy o (slo ] 3
4 bgiye sl 655 03l 5 508 sla ol G (505
Sl o ol 5,5y (i g (62 53
odalive 3lge cpl 5l (oS5 5 zmug b oSk
b olllas oled 5 oS sl (65 ol (¥) ad
OFed (ot (SHllsm Sl laylpl I sl
5 og i pll RNLE 4 3DSSPP LMM
S S dlwy zen 2la)lpl Sl Gl e 950
S Sasbyny Sy o y2l aallhe 3 0a >l
ookl 8,0,05 slyls o8l Jluly sl lis, ]S
.0943
o 69 bl ond bl Sldllae 5l (ba
Sl S sl Sy 5 435 pgle 5 Vs 2SS
adllas jo oS e ML Iy 9,005 ¢ &losee
SIS a5 el s 5,E (VT) o) es 5 &)
olow) Jlesal iolidl 4y jovie wilgs o Do SYeb
5 (a5 wad iS gl) OV Cons 4 yaS Dl
25,6k (V7)) 0gd (a3 2,2 9 aSls 5l 04
B L b G Cexdy gl dhl; GLSen
©rS Sl sl ope ;0 1) lope G DB >
S > 2o, e 5l eoliiwl b L3-L4-LS Jols
30565 4 M 9,0 0 g o 5,0 0 ,o FASTRAK
VIO sla o gl crl 0 WS own S
Gilolr 553 ooy )15 W5 5o (e (e
o oo ol 0 FASTRAK qivccss slayganins .50
oo 5 Seogy 59, )k Hgmdn So B S Jate
5 Ol o 6,05 03l jekiias C7 ojpe (g, oud
& o 3 A (S IS oy 25 3
SleMbl duslie ad (gw)p 45 32 g bl
lie Oladlas b g 0SS b asdlas 8,50 0,81 51 Jol>
iy ol 5l esliiul 5l Lol coro g 2o sansS 0l

0 ypo yO QUP )L‘Lé Oy ui’ﬁ) Q-.’.‘ o ol 00

9A



O35y 03 LGy olGIws Cadlw § ahb

3 s (69,0 508 e 0l 3l 1o b gy ol Jaks (4l
L s kel Blodjl a8 iz yo ol oo (63,0 508 o 3
69,0505 o 31 50 gl g, ad o 05 > anal
el Cawds (88,0,65 o3l i )l e gk
Bl (295 Camdlys ool (b oS > BT
a2y bogh BB nled (63)3,05 108 5 (63,0505 09,5
O Ol oo S5 sy b olSiss J51a5 pas 5 (05
a0 05595 )| Slalllas jo cnlio (5,150 laae a
onl 5 el Canas ol dulie ogdlas 0,5 oL 3,8 08
Gy gl Coro Wi g ool oo b oKlws
A3k oo il nl sl 0wl
Sygo 50 S Gldlle o a5 s4h o olpiig
prevae o|)§| Slauss ‘55).> JJLT LQL"’ oKws )‘ oolarwl
D5 I3 epp Sy90 Oloye g (B) 098 g0 2
5l ol s slo sols ST ladllas jo olgs o cogdla
dslie &8 > 5JUT sl olSiws plo b 1, olKiws oyl
olSws 3, sla oy Sl malS glp e 0ged
50 a5 0gd oo Slpiing (Z9,> ool CoaS
Al gl 4SS oK (5,0l b (sum o aigad
Sl Sogel s g slfiws o el JiSTas a5
sl Syt Gleo 5l ol aghy 1 00,8
sty 5 3 S ol 50 B peite
6)-*‘9‘5)-‘-’1 @l ol j1 6,50 adlllas ;o 048 0
S8 0)lge pogle 398 (g S > Gloj g Glime
» LS (60,0508 o8l Ol ieghy pl jo coad
So 0 oLl (oaled g 090 (80 (A1 355 by, sl
S o a8 3 18 60,065 09,5 (loxe o 0g,S
Sl 2 1y B o8 ,8 olg (oo ST oladllas o
(S (SO o edhas and) 9,3 ,05 Lice
als )18 Slime o 09,8 40 (0 ué 5 £lou JUIS K5

%9

039 9 O G pte aS Il s LBl (699565 508
el 50 00 05,5 90 gyl ge BT (gl
el ot 5 chlie b wlillae 5 pgas
61 ime Bl (Y1) o Kan 5 gl aslllas 4o
O g (Glows (V) 00,55 (3,155 LBP 5 08 0
ails 9 BMI (o (o (6l e L3 )1 (YY)
Sl 3955 135905 (D)5 L p YIY ;05,3505 5 5,18
BMI 5 4,5 dile oo slls (63,0, ol 3l S
(1)) W3gr (683505 2 09,5 b amliie ;5 (5 ien
& oline abal, (OTAY) o fSes 5 Sl anlllas 4o
(TY) Clblad 0929 09,0505 b (459 9 0,0,65 L a8 ylee
Ol 5993508 Ol 09 b B pste ogaz)s
Soile b il 5 oAl Yol ol g 1) 058
So H9leiS o VL Ao g )b (g (o0l
(FOTT) cadls (SBod plail 09 Crmizmen 9 )b (139
alold ;5 9y o palol b ol ol 550 pslds oy
S o g0 0 590 & e 45 (55570 5l 0 s0ge
w8l (oo Faik ooyml 95l Job w8 iy 3 5
Sl 3,0105 sl jo gogee Jole 4 jgliiS ase sy
Al b ol,8l 50,0 a8 .cllls salez (5 5YL Slade 3l
3 31 oal Bl e A g o 5 |
5 S sl yzes (B85 egas ) b ol (S o
alllae 1o carline by (F5) Cesls IS olonil sl s,
ol s b azily w el JLogh oSl e 45 (6!
GFNAD Sty 3,0 4,25 35 056 sl Cencdlsgd oS

(YY) ol asls

Sy A =
S a alode pole asllns o IS ok
bols 4 S Gl Jold (SilerS (gl yeiie
e & 5, 50 03 ey & e sl 4 5, e

e ) Gy D (e § 4250 en> i g

11€00 )lgy /) d)ladd /11 Ao )5 (ian) g Cublagy asliling



—_

REFERENCES

. Alexopoulos EC, Tanagra D, Konstantinou E, Burdorf

A. Musculoskeletal disorders in shipyard industry:
prevalence, health care use, and absenteeism. BMC
musculoskeletal disorders. 2006;7(1):88.

Nelson NA, Hughes RE. Quantifying relationships
between selected work-related risk factors and back pain:
a systematic review of objective biomechanical measures
and cost-related health outcomes. International journal

of industrial ergonomics. 2009;39(1):202-10.

. Shin G, D’'Souza C. EMG activity of low back extensor

muscles during cyclic flexion/extension. Journal of

Electromyography and Kinesiology. 2010;20(4):742-9.

. O’Sullivan PB, Mitchell T, Bulich P, Waller R, Holte J. The

relationship beween posture and back muscle endurance
in industrial workers with flexion-related low back pain.
Manual therapy. 2006;11(4):264-71.

.F G, M N, N M. Analysis of Lumbar Spine and Hip

Pattern Motion While Stoop Lifting in Subjects with and
Without a History of Low Back Pain. ] Mazandaran Univ
Med Sci. 2007;17 (59):42-50.

6. Liddle SD, Baxter GD, Gracey JH. Exercise and chronic low

back pain: what works? Pain. 2004;107(1):176-90.

. Dean AY, Dean SG. A pilot study investigating the use of

the Orthosense Posture Monitor during a real-world
moving and handling task. Journal of Bodywork and
Movement Therapies. 2006;10(3):220-6.

. Intolo P, Carman AB, Milosavljevic S, Abbott JH, Baxter

GD. The Spineangel®: examining the validity and
reliability of a novel clinical device for monitoring trunk

motion. Manual therapy. 2010;15(2):160-6.

. O’Sullivan K, Verschueren S, Pans S, Smets D, Dekelver

K, Dankaerts W. Validation of a novel spinal posture
monitor: comparison with digital videofluoroscopy.
European Spine Journal. 2012;21(12):2633-9.

10. Ziaei M, Ziaei H, Hosseini SY, Gharagozlou F

Keikhamoghaddam AA, Laybidi MI, et al. Assessment
and virtual redesign of a manual handling workstation
by computer-aided three-dimensional interactive
application. International Journal of Occupational Safety

and Ergonomics. 2017;23(2):169-74.

11. Hemming R, Sheeran L, Van Deursen R, Sparkes V.

Non-specific chronic low back pain: differences in
spinal kinematics in subgroups during functional tasks.

European Spine Journal. 2018;27(1):163-70.

1100 )lgy /1 a)ladd /11 ala 5 giay) § Cabblagy aslibiod

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

ohBas g o0l Jsle

Haj A, Weisman A, Masharawi Y. Lumbar axial rotation
kinematics in men with non-specific chronic low back
pain. Clinical Biomechanics. 2019;61:192-8.

Ashouri S, Abedi M, Abdollahi M, Manshadi FD,
Parnianpour M, Khalaf K. A novel approach to spinal
3-D kinematic assessment using inertial sensors: Towards
effective quantitative evaluation of low back pain in
clinical settings. Computers in biology and medicine.
2017;89:144-9.

Taylor C, editor Task Analysis as a Cornerstone
Technique for Human Reliability Analysis. International
Conference on Applied Human Factors and Ergonomics;
2017: Springer.

Kee D. An empirical comparison of OWAS, RULA and
REBA based on self-reported discomfort. International
journal of occupational
2020;26(2):285-95.
Ramadhani M, Rukman R, Prayogo D, Ayu D.

safety and ergonomics.

Assessment Analysis of Ergonomics Work Posture
on Wheel Installation With Ovako Work Posture
Analysis System (OWAS) Method and Rapid Entire
Body Assesment (REBA) Method Preventing
Musculoskeleal Disorders AT Perum PPD Jakarta.
IOSR Journal Of Humanities And Social Science
(IOSR-JHSS). 2018;23(10):01-11.

Hildebrandt V, Bongers P, Van Dijk F, Kemper H, Dul J.
Dutch Musculoskeletal Questionnaire: description and
basic qualities. Ergonomics. 2001;44(12):1038-55.

Bos E, Krol B, van der Star L, Groothoff J. Risk factors
and musculoskeletal complaints in non-specialized
nurses, IC nurses, operation room nurses, and X-ray
technologists. International Archives of Occupational
and Environmental Health. 2007;80(3):198-206.
Marbouti L, Jafari H, NOORIZADEH DS, Behtash
H. Pain-related disability measurement: the cultural
adaptation and validation of “pain disability index
(PDI)” and “pain disability questionnaire (PDQ)” among
Iranian low back pain patients. 2011.

Yazdi Z, Abbasi M, Shamsi E Work Limitation and its
Related Factors in Patients with Acute and Chronic
Low Back Pain Referred to the Rheumatology Clinic of
Qazvin Bu-Ali Hospital. Iranian Journal of Ergonomics.
2016;4(1):13-9.

Hamberg-van Reenen HH, Ariéns GA, Blatter BM, Van
Der Beek AJ, Twisk JW, Van Mechelen W, et al. Is an

Yo



O35y 03 LGy olGIws Cadlw § ahb

22.

23.

24.

25.

26.

27.

28.

29.

imbalance between physical capacity and exposure to
work-related physical factors associated with low-back,
neck or shoulder pain? Scandinavian journal of work,
environment & health. 2006:190-7.

Harkness E, MacFarlane GJ, Nahit E, Silman A, McBeth
J. Risk factors for new-onset low back pain amongst
cohorts of newly employed workers. Rheumatology.
2003;42(8):959-68.

Jansen ], Morgenstern H, Burdorf A. Dose-response
relations between occupational exposures to physical
and psychosocial factors and the risk of low back
pain. Occupational and environmental medicine.
2004;61(12):972-9.

Isa NSM, Deros BM, Sahani M, Ismail AR. Physical
activity and low back pain among automotive industry
workers in selangor. Malaysian Journal of Public Health
Medicine. 2014;14(2):34-44.

Sheeran L, Sparkes V, Al-Amri M. Utility of portable
inertial measurment unit (IMU) sensor system for spinal
movement assessment in people with and without low
back pain. 2019.

Szeto G, Wong K, Law K, Lee E. A study of spinal
kinematics in community nurses performing nursing
tasks. International Journal of Industrial Ergonomics.
2013;43(3):203-9.

Baumgartner W, Grob D, Kramers-de Quervain I, Stiissi
E. Position of Instantaneous Axis of Rotation during
Standardized Movements. 2001:1-3.

Sforza C, Casiraghi E, Lovecchio N, Galante D, Ferrario
VE A three-dimensional study of body motion during
ergometer rowing. 2012.

Laird RA, Keating JL, Ussing K, Li P, Kent P. Does
movement matter in people with back pain? Investigating
‘atypicallumbo-pelvic kinematics in people with and
without back pain using wireless movement sensors.

BMC musculoskeletal disorders. 2019;20(1):28.

Vi

30.

31

32.

Endo T, Abe T, Akai K, Kijima T, Takeda M, Yamasaki
M, et al. Height loss but not body composition is related
to low back pain in community-dwelling elderlies:
Shimane CoHRE study. BMC musculoskeletal disorders.
2019;20(1):207.

Samaei SE, Mostafaee M, Jafarpoor H, Hosseinabadi MB.
Effects of patient-handling and individual factors on the
prevalence of low back pain among nursing personnel.
Work. 2017;56(4):551-61.

Ziaei M, Izadpanah S, Sharafi K, BARZEGAR SA, IZADI
LM. Prevalence and Risk Factors of Musculoskeletal
Disorders in Inside and Outside-City Taxi Drivers,
Andisheh City, 2011. 2014.

33. Venning PJ, Walter SD, Stitt LW. Personal and job-related

34.

35.

factors as determinants of incidence of back injuries
among nursing personnel. Journal of Occupational and
Environmental Medicine. 1987;29(10):820-5.

Ryden LA, Molgaard CA, Bobbitt S, Conway J.
Occupational low-back injury in a hospital employee
population: an epidemiologic analysis of multiple
risk factors of a high-risk occupational group. Spine.
1989;14(3):315-20.

Ngo BP, Yazdani A, Carlan N, Wells R. Lifting height as
the dominant risk factor for low-back pain and loading
during manual materials handling: A scoping review.
IISE Transactions on Occupational Ergonomics and

Human Factors. 2017;5(3-4):158-71.

36. Owen BD, Frazier Damron C. Personal characteristics and

37.

back injury among hospital nursing personnel. Research
in nursing & health. 1984;7(4):305-13.

Hoskins W, Pollard H, Daff C, Odell A, Garbutt P,
McHardy A, et al. Low back pain status in elite and semi-
elite Australian football codes: a cross-sectional survey of
football (soccer), Australian rules, rugby league, rugby
union and non-athletic controls. BMC Musculoskeletal

Disorders. 2009;10(1):38.

11€00 )lgy /) d)ladd /11 Ao )5 (ian) g Cublagy asliling



	ABSTRACT
	Keywords

