[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

IHSW

OPEN ACCESS

Journal of Health and Safety at Work 2021; 11(4): 594-613
TUMS

ORIGINAL RESEARCH PAPER

Ergonomic Evaluation of Relationship between Electromyographic
Activity in Selected Trunk Muscles and Back Discomfort While
Working with a Laptop in a Sitting Position

Mohammad Yadegaripour ** ", Malihe Hadadnezhad*, Ali Abbasi*, Fereshteh Eftekhari?

1 Department of Sports Biomechanics and Sport Injuries, Faculty of Physical Education and Sports Sciences,
Kharazmi University, Tehran, Iran

2 Farhangian University, Allameh Tabatabai Campus, Khorramabad, Iran

3 School of Education and Psychology, Department of Sport Sciences, Shiraz University, Iran

Received: 2019-11-04 Accepted: 2021-01-13

ABSTRACT

Introduction: Low back pain is one of the most common musculoskeletal disorders leading to disability
around the world. Several studies have suggested that prolonged computer/ laptop work contributes to
the development of low back pain and discomfort. The results of the studies conducted on the association
of back discomfort and muscle activity are contradictory. Thus, the present study aims to evaluate the
relationship between the activity level and relative rest time of the trunk muscles with back discomfort
while working with a laptop in a sitting position.

Material and Methods: First, 20 young healthy males performed laptop work including mouse work and
typing in conventional and ergonomic setups. In the ergonomic setup, the screen height and keyboard
placement were specifically adjusted for each individual. In addition, the electromyographic activity of
the lumbar erector spinae, right and left multifidus and transversus abdominis, rectus abdominis, external
oblique muscles, and the posture of the lumbar spine were recorded in the first and last two minutes of
an 8-min task. After the end of each task, the participants scored their back discomfort.

Results: The results showed a positive correlation (r=0.57 and p=0.009) between back discomfort and
the EMG amplitude of the lumbar erector spinae muscle. In addition, back discomfort was negatively
correlated to the relative rest time of the multifidus muscle (r=0.50 and p=0.023), and a positive correlation
was reported with the relative rest time of the transversus and rectus abdominis (r=0.47, p=0.039, and
r=0.45, p=0.049, respectively).

Conclusion: The relative rest time of the trunk muscles may be a better index than that of the EMG
amplitude to highlight the risk factors for back discomfort. However, a causative link between muscle
activity and discomfort cannot be implied from this study. The current results do not undermine the role
of other factors associated with the increased level of discomfort during sitting.
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1. INTRODUCTION

Sitting is one of the most common postures
during daily activities, office, industrial jobs, and
activities which require working with electronic
devices such as computers and laptops. Computer
and laptop users who are often categorized as
individuals with sedentary work posture often
report musculoskeletal disorders/ complaints
in various parts of their body. Discomfort and
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pain in the low back are the most important
musculoskeletal problems associated with using
electronic devices such as computers and laptops,
the result of which was confirmed to be associated
with prolonged sitting. Low back pain leading
to long-term disability is a worldwide problem.
Therefore, identifying the mechanism and causes
of low back discomfort while sitting is highly
important.

In the literature, muscle fatigue, increased
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lumbar intradiscal pressure, poor core stability, and
long-lasting stretching of passive lumbar structures
have been considered as the mechanisms involved
in causing low back discomfort and pain during
sitting. However, there is still no general agreement
about the details of such mechanisms. Also, the
results of the studies conducted on the association
of back discomfort and muscle activity levels are
contradictory.

It is worth noting that the level of muscle activity
(EMG amplitude) in a sitting position is low while
working with a computer or laptop, and the back
muscles work at a level close to the resting level.
Some studies suggested that the commonly used
indices of muscle activity (i.e. EMG amplitude) may
not reflect the resting state of the muscles at the low
level of activity, and some indices such as relative
rest time are more representative. Therefore, this
study aimed to evaluate the relationship between
the activity level and relative rest time of the trunk
muscles with back discomfort while working with
a laptop in a sitting position.

2. MATERIAL AND METHODS

In this study, 20 young healthy male university
students (age: 27.05 + 3.5 years, height: 176.9
* 5.5 cm, weight: 71 + 11.8 kg, BMI: 22.4 + 3.0)
were selected based on voluntary sampling. The
participants sat on a chair without a backrest
and armrest to reduce the physical contact to the
measuring sensors hooked up to the participants.
They performed mouse work and typing tasks
with a laptop in the conventional and ergonomic
workstation setups. In the conventional setup, the
laptop was placed on a desk whose height was
adjusted to be 5 cm above the elbow level. Regarding
ergonomic setup, a height adjustable riser (Cooling
Pad, 638 (A), China) was placed underneath the
laptop on the desk for adjusting its screen height,
and the top edge of the laptop screen was adjusted
at participants’ eye levels. Further, an external
keyboard (XP -product, XP-8004, China) was used
in the ergonomic setup for typing (Figs. 1. A & B).
The duration of performing each task (mouse work
and typing) in each setup was eight minutes. There

Fig. 1. The participants working with laptop in the ergonomic (A) and conventional (B) setups

Instructed Laptop work in Break
rest conventional setup | (5 min)

Laptop wok in Break Perform
adjusted setup | (5 min) RIVCs

\;/

Typing task

Mouse work task

Recording the EMG and
posture data

Fig. 2. The experimental procedures and data recording periods. The EMG and posture data were recorded (black color) for 120 s at the

beginning (2-3 minutes) and ending each task (7-8 minutes). The participants rated discomfort after completing each task (grey color).

Further, the EMG data were recorded during instructed rest (Before working with laptop for 10 seconds) and sub-maximal reference
isometric voluntary contractions (RIVC)
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was a 1-2 minute break between the two tasks for
scoring discomfort and saving EMG and posture
data to a computer (Fig. 2). Therefore, working
with a laptop in each setup lasted approximately 20
minutes.

Electromyographic (EMG) activity of the
lumbar erector spinae (LES), right and left
multifidus (MF) and transversus abdominis
(TrAb), rectus abdominis (RAD), external oblique
(EO) muscles, and the posture of the lumbar spine
were recorded in the first and last two minutes of
the 8-min task. Furthermore, the EMG data were
recorded during instructed rest (before working
with laptop work for 10 seconds), and sub-maximal
reference isometric voluntary contractions (RIVC)
were used for calculating the relative rest time (RRT)
and normalize the root mean square (RMS) of each
muscle, respectively. The EMG and postural data
were recorded by a wireless surface EMG Noraxon
DTS system and Noraxons 3D myoMOTION
analysis system (Noraxon Inc., USA), respectively.
After ending each task, the participants scored their
back discomfort on a 0-10 scale using an adopted
body map and discomfort scale.

After digitally filtering the EMG signals and
removing the cardiac signal, RMS was computed
across 500-ms non-overlapping epochs on EMG
signals from each muscle, and subsequently
normalized using the corresponding RIVC values.

Finally, the normalized RMS values were averaged
across the epochs. RRT was computed across 10-s
non-overlapping epochs and averaged across the
epochs. The mean lumbar flexion angles were
calculated to assess the postural configuration
during the tasks. The details of the procedure for
performing tasks, EMG, and angular displacement
measuring were described in the study of
Yadegaripour et al.

Moreover, the EMG amplitude and RRT,
posture, and back discomfort during each of the
mouse work and typing tasks were averaged to
obtain the mean of these variables while working
with the laptop in each setup. The mean of these
variables in each task and setup was used for
examining the correlation between the variables.
Pearson and Spearman correlation tests were
used with normal and non-normal distributions,
respectively.

2. RESULTS AND DISCUSSION

As shown in Tables 1 and 2, a positive
relationship is observed between the EMG
amplitude of LES muscle and back discomfort while
working with a laptop in the sitting position, while
it has a negative relationship with the left TrAb. In
addition, back discomfort was negatively related to
the RRT of the LES and MF muscles and positively
related to the RRT in the TrAb and Ab muscles. It

Table 1. The results of the Pearson /Spearman tests performed to analyze the correlation of the back discomfort with the EMG ampli-
tude of trunk muscles while working with laptop in the conventional and ergonomic setup

Conventional FP— Mouse wiork- T ypin'g- Mouse wot.'k- Typing-.
setup setup Conventional Conventional Ergonomic Ergonomic
setup setup setup setup
LES! r 0.028 0.323 -0.189 0.056 0.286 0.571
p 0.905 0.165 0.424 0.816 0.222 0.009
ME-R 2 r 0.197 -0.235 0.105 0.040 0.171 0.052
p 0.405 0.319 0.659 0.867 0.470 0.828
MF.L> r 0.057 -0.081 -0.095 0.084 -0.099 -0.166
p 0.810 0.733 0.690 0.726 0.679 0.485
. TrAb-R * r 0.002 0.110 -0.230 0.065 0.014 0.121
N p 0.993 0.644 0.330 0.784 0.953 0.613
:||: TrAb L * r -0.267 -0.055 -0.381 -0.155 -0.279 0.107
§ p 0.255 0.817 0.098 0.515 0.234 0.654
< RAD 6 r -0.272 -0.040 -0.325 -0.259 -0.163 0.164
S P 0.246 0.867 0.162 0.270 0.492 0.491
§ EO7 r 0.059 0.250 -0.139 -0.002 -0.171 0.359
& p 0.805 0.289 0.560 0.993 0.472 0.121
g Lumbar r -0.250 -0.229 -0.019 -0.136 0.093 -0.180
P flexion p 0.287 0.331 0.938 0.567 0.706 0.448
E‘ p' Lumbar erector spinae,? Right multifidus, * Left multifidus, * Right transversus abdominis, * Left transversus abdominis, ® Rectus abdominis, ”
= External oblique
o
B

[ DOW!
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Table 2. The results of the Pearson /Spearman tests performed to analyze the correlation of the back discomfort with the relative rest
time (RRT) of trunk muscles while working with laptop in the conventional and ergonomic setup

Conventional Ergonomic Mouse work- Typing- Mouse work- Typing-

setup setup Conventional Conventional Ergonomic Ergonomic
setup setup setup setup
LES ! r -0.401 -0.305 -0.236 -0.436 -0.318 -0.356
p 0.080 0.190 0.317 0.055 0.172 0.123
ME-R 2 r -0.505 -0.193 -0.281 -0.415 -0.153 0.070
i P 0.023 0.414 0.231 0.069 0.519 0.770
ME-L > r -0.327 -0.421 -0.179 -0.114 -0.332 -0.170
p 0.159 0.065 0.451 0.633 0.152 0.473
TrAb-R 4 r 0.250 0.312 0.107 0.143 0.275 0.427
p 0.288 0.180 0.654 0.548 0.240 0.060
TrAb —L 5 r 0.260 0.466 0.474 0.094 0.547 0.421
p 0.269 0.039 0.035 0.695 0.013 0.064
RAb 6 r 0.445 0.043 0.268 0.352 0.271 0.103
p 0.049 0.856 0.253 0.128 0.247 0.667
EO7 r 0.200 0.110 0.142 0.266 0.196 -0.093
p 0.397 0.646 0.551 0.258 0.408 0.695

! Lumbar erector spinae, > Right multifidus, > Left multifidus, * Right transversus abdominis, ° Left transversus abdominis, ¢ Rectus abdominis, ’
P g 8!
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External oblique

seems that more EMG amplitude (less RRT) of the
lumbar muscles and less EMG amplitude (more
RRT) of the abdominal muscles are associated with
increased back discomfort.

As already mentioned in the literature, there is a
positive relationship between EMG amplitude and
back discomfort while sitting, and increased trunk
muscle activity is associated with back discomfort.
In some studies, lumbar muscle activity was higher
in people with chronic low back pain or in those
developing pain compared to those without any
pain. Some researchers hypothesize that defects in
neuromuscular control leading to higher muscle
activity in the patients with chronic low back pain
may be considered as a mechanism for maintaining
passive spinal structures, and a protective strategy
used by the participants with low back pain.
Although the participants in this study were healthy
individuals with no pain, their neuromuscular
control during sitting is one of the possible reasons
for the positive relationship between the EMG
amplitude and back discomfort and negative
relationship between RRT of the lumbar muscles
and back discomfort. However, some studies failed
to indicate a relationship between discomfort while
sitting and trunk muscle activity, or no association
was found with discomfort in spite of increasing
the activity. Dankaerts et al. (2009) indicated that
decreased and increased trunk muscle activations
may cause back pain. Therefore, reduced and
increased muscle activations may be appropriate
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in different situations. Thus, other reasons may be
related to back discomfort while sitting in addition
to the pattern of muscle activity.

Some studies reported that long-lasting lumbar
flexion combined with low activation of the trunk
muscles and sustained static posture while sitting
can play a significant role in the mechanism of back
discomfortand pain. Inthe present study, no positive
relationship was observed between lumbar flexion
and back discomfort. However, lumbar flexion was
high during sitting with respect to the reference
stand. Further, adopting a slumped posture
during sitting is suggested based on the results of
this study, which is consistent with those of the
previous studies. Depending on the association of
lumbar muscle activity with lumbar posture, some
participants may sit with slumped posture or alter
their posture intermittently to transfer load from
muscle to passive tissues temporarily. In this way,
they may reduce back discomfort in a short time,
and accordingly no relationship may be reported
between lumbar muscle activities or lumbar flexion
and back discomfort in a short term. However,
as shown in the study of Morl and Bradl (2013),
prolonged sitting can cause back discomfort in both
slumped and straight posture, and muscle activity
may increase over time in each case. Further, the
sustained lumbar flexion during slumped sitting
posture can cause discomfort. Thus, discomfort
may increase during slumped sitting since it can
cause creep and increase tension in muscles and
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tendons, intradiscal pressure and stretch ligaments,
and posterior passive spinal structures.

4. CONCLUSIONS

Back discomfort during laptop work in a sitting
position may be related to the activity pattern of
trunk muscles. However, the mechanism of back
discomfort while sitting is multifactorial, and the
role of a factor in causing back discomfort/pain may
be more than other factors based on an individual’s
condition and sitting posture. Thus, the role of

[ Dow!ed from jhsw.tums.ac.ir on 2024-11-21 ]

muscle activity, lumbar posture, type of task, and
duration of sitting, as well as factors such as defect
in neuromuscular control and even the presence of
underlying factors, should be considered at the same
time. Further, the opposite results of the previous
studies may be related to the above-mention factors.

Finally, the relative rest time of the trunk
muscles may be a better index than that of the
EMG amplitude to highlight the risk factors for
back discomfort. More studies can be conducted
for confirming the results.
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2. Modified Standardized Nordic Questionnaires
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8. Wireless surface EMG Noraxon DTS system (Noraxon Inc.,
USA)
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7. Surface electromyography
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12. Rigid body model
13. Over 250-ms epochs moving in steps of 150 ms.
14. Reference voluntary electrical activity (RVE)
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9. EMG pinch lead wires
10. Erector Spinae (longissimus)
11. Noraxon’s 3D myoMOTION analysis system

Yolc


https://jhsw.tums.ac.ir/article-1-6576-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

e B3 VAT OWAC (,81)50300) 351 Cullad oy abyly Gas0395)) (L))

(3l Glymil  :Rile) GEAS &5 0 ages Slasie ) Jgaz

() 55, Bt 53 arals b 5 o 51 oolitl ol5en BMI (S oy  Goanl s | () o
NA=ZA

opei) 5l by yf ms b sle ools sl g ey
s oobiasl yo gl

03e3l @l g QS CS 8 eges Slais
b oS G2l bl ol slr ol [o9
5 Al Ddlae oed oyl by g codled mlaw
Ll 00l GIIY ¥ ) Jslos

lashiis 5 53,5 i e 45 sBd o LS s
Gl 5 Cute (Kiod o5 (26 SeegisS )|
ol HS (5505 caled 55 Alae colles L
mrimagsl o ygmss 5 aliae Lol (P=+/+ +Q 5 T=+/OVY)
L 00s slogine 4 hlete 5 it (Shwen o
950 b S e (D=2 1+ QA g T=—+ [¥AY) yaS o],
(Y Jgoz) cunl ails gole wladas (o

S IFYP) o30S bl 335l alise o oyl
g I=—+/FV0) cly wgauadge o (P=+/-OO 4 I=
b oo logne & hlete o aie bLSI (P=+/- 74
alasls gole wlondas jo 0,5 ol > Sl
Coly ooyl Goygeiy alas (o Coliil
(P=+1-F g T=+/FY\) .z g (D=+/+5+ 5 T=+/EYY)
LB L oog Jlogre 4 bleie 5 cute LLS))
Al asly Sogigd )l Slodas o 05 ol >
gl gy Alds prd Sl odle 4
LS oo G lb L gl 5 coie bLS,
5 =+l \Y 5 I=DFY) gole Slobit 5 e
Gyt sl AL (D=1 YD g T=+FVE) SpngisS |
i ol (gole Slaris e S5 eSils

Gl sro a4y bled lie ay o/ g /oD o P VO

Go0

TF/YY Y /Y- VYA \VEIFE4/D YV YD

OMae  awd Clinl log ol dinlxe IS o
Vo Gligen pé glroy by 5 RRT)
b+ o sode e oo RRT .t dlons (slasl
alac o5 cul gloj ao e Sily a5 cewl o yo V- -
0)95 U5 Jsb 5o (eud i aibinl 5 (b L)
gy ol wBbes clinl Jlo 50 (2l 9)9e Sle
Ao glasl Lo Vo Slej sleo s o |, RMS
YO PBlo> Boe 4 RMS a5 1) s Sbej g S 0
WS o gy Bl e el yad ailin] 5 asli Lo
ot sl i ool ol il wliod (B XF)
wliw] ol Cawd dy & yo ol Cordg Jobo jo 00l
alo o sl alS b il b o dnlone cal il
O 0 RRT &S s faws 5k cgouo,0 O al> 0 a0
Olie D) 090 ae,0 A L ply Plas ol iwl 090
dwle lp (Wil o abae colpnl Sles RRT
ooy den polie (nKileo (IS i ol
oSl cpizmen (FR) ad dale Sligeen
A dlne S e oS ST p2SUS Ly
GG 5 zgy EMG & bgyje polie of5s Sl
@ 6l 0,5 el s poge b IS eSS 90 50 (> a8
I o o e yiie cpl 51 IS s (i Silee (5050 s
Ol s i8S Sl (ledal o 0 QUG L
Dlosals ;o 0 uizmen g LSS 52 50 Lo it o
2855 B oolital 3 90 (Ko oy p Sl
S8 p 5l eolaiwl b cledbl Jdow g g
‘P</o e 903l aen o 0 plosl VY asews SPSS
bl 51 g b adS e )3 g)ls (S plgre 4
L oosse Gp i (Sheen sl (g
o osls g Jlo g alex 51 G yally sl (905
Sod 03031 51 Jloy @is b slo ools sl o

Koo lus) /1€ a)laids /11 slo )5 (iaal g Cublagy aslilnd


https://jhsw.tums.ac.ir/article-1-6576-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

ohBes g )93 $5)5sL sane

5 RS (o o8 (2 5 a5 Sae NRMS) ot Jloy clled o (o BL3 | (i) sl (ot o3 0) (Son 9051 @l ¥ sz

r “[+YA ARAY —+/YAQ o[ OF <IYA? INA
LES
P AR AYZN <JFYY “INNF <IYYY ofs
r ARNG ERARN ARYA RS ANA <[+ 0Y
MU-R
p NI B3R! - 1704 CIASY “IEY- “IAYA
r AN —eJ A VALY o[- AF SYRLLS — V57
MU-L
P “IAY - DAARE AT AAYd < /#YA AT
r ofeeY LARKS AR RN «[+\¥ AR
TrAb-R
P AR Nidas SIYY <IYAY LAY «[2\Y
T —-IYPY —+ [+ 0O ERAR ERIAINA EARA) AR
TrAb -L
p ARAA “IAYY «/+aA IARIA <IYYY i\
r —+IYYY /- f. EARIA —+/Y01 —+/\FY AYA
RAb
p Aavd < [AFY <\EY AR «/fay AR
r +[- 04 AT -+/\Ya —efeY EANA AR EO
p A D «IYAQ N +/43Y <IfYY <Y
T ERIATAR EARS) —+/-)4 —+/\Y# «[+qY AT aSls
p < IYAY ARN! «/AYA < [OFY ARy 4 </FFA oS

g Soly M}J.J U TrAb-L 9 TrAb-R oz g Cely ugdniiilse :MU-L 9 MU-R (530S cplaml ygu5) LES -
B bl EO (o] wgxS, :-RAD

5 Gl e o8 2ol g a8 odlas RRT)  ond colyinl loj o bl oyl ln (O [iropmsl) (Kiorad G903] gl ¥ oo

&l
SngigS SngigS
r —JEe —f¥ed —.I¥YF - I¥YF Y - I¥0F
LES

P o[+ A ARE <IY\Y EYRAIA <AYY ARAY
r -+ /00 EVARAY —+IYAN AR —-\OY o[V

MU-R
P <[+ YY ARA AN «[-£ IR AR
r EIARA BYARR! EIANA) EARAS —IYYY —<\Y-

MU-L
p AT RN AT - [FYY NOY </FYY
r DAY ARAY AR </VFY <IYYO </fYY

TrAb-R
p <IYAA AV < 180¥ <JOFA DAY “lefe
T AR BAisd <IfV¥ «[-3¥ < [OFY DARR TrAb -
P DALY +/-¥4 RN <1720 «[+\Y .- #f L
T DA <[+ fY <IYPA < IYOY DARA ARAY

RAb

P «/-f4 < I\OF AT <NYA <IYFY Nida%
r AR ARKS <FY DAtad ARV —+/-qY EO
P AR Niatd I <IYOA DARYN <1220

RAD .z 3 cenly (ouriwogs] uygus it TTAD-L § TTAD-R i 5 ol ogouintlge MU-L g MU-R (5,05 (ploas! ;935 ) :LES -
) bl BO (utrognsl ogiS

Koo Bus) /1€ a)laidd /11 sdb )5 (ool § Cublagy aslilnd Yol


https://jhsw.tums.ac.ir/article-1-6576-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

e B3 VAT OWAC (,81)50300) 351 Cullad oy abyly Gas0395)) (L))

S o e Jul adllae o .l (Y910) o, Ken
2l bl dae iy el & SSass
OIS S Sl JSSen sl o il
(Y1) ,Ken 4 Fedorowich asllas o .0,
symiianS] alae Codled (adds ) loy Jsb )0 5
ol ads Somdg )3 9,5 b e )0 S
S8l el g )ls e 8 yob 4 ()15 Jile g 8L
odis IS S g Oldllae opl yo adl (VY)
3 el oais pwy @l opl o o] B g cwl
o (Y410 ) oK 3 Waongenngarm aslas
s e Vosed Cumdy 4o wdd a5 b ol lis
S hle Tomingsl (wygui alae Sz Ly
e ak3s YV L) 055 s (Kows ol 5 0
Ol Oeiizes (ol gl @y g b ol sl (ot
Ll riags] (ojgmi i alde (Sons oS WisyS
i 3l OLE g Sl (g, Sl e S
Gl Glase, 5 10 0,8 065 slul 4 e g AL akils
Dae cdled 1o Sldllas 5l golaws jo (TV) 0gb
ana 3 5 g 359,08 & Mia 33l 3 oS
oyl 0,8 slotel i (a0 a5 (s0l,8) 8,0 saims
009yl )0 (e Sl 4y Ces (Wboe R4
RS 5o ol o s S b liin 5y e
5 hae YL cled 4 e oS Dlac oeac
Sl (So 398 (0 poie 9)3 505 4 Mo ol Lo
Og Jb et yolie Lado 4 ool gl (ojilSee
Lo o8 ably liblons (551l 3 by 5 (0)) 0,35
Sgd (g0 8,5 LIS a4 00,08 4 Die AL S0
Codlad mhaw coie LLI I Yo 51 (SO cplply (OT)
b L S odlae (o colul aie LSl )
mas JAES 50 Bl Sl (e (it (o> oS
clls Gl o Wb 1 A cpl aldl(O7) sl SHlac
)3 o9 plls ol 3ol rmghy SanS &858 S
OMae cdled bls)l a5 Sldlae B, ail ooy
aS jabiylen il ools lid 1) WS 00 5 SxlL L

16. Slumped sitting

GoV

o a hlaie g i BLII (6508 (nlelj25)l
Coly wsdninilse (D=l A g T=+/F4 ) )l
(P=-1-YY g I==-/0:0) )b G0 5 fo bl
T=[FE0) o)l ime 5 e bli,l oS,
eSile gl Wlazils joS L L (p=e/o¥A g
Hhae Colyitul s Seagiss )l Slonlais (> SIS
Sl e 4 fileie g (e LUl oo (mganiidse
% gl (g g (P=+/ PO g T=—+/FYY)
L (P=+/-YQ o I=+[FFF) c,ls ime 5 Cuto bL3)|
(Y Jgaz) sl asls o8 o1l
ORI

PPl LS e oS GolB IS b
NRMS) e gelans U e b | diiacs Copng
oog P b e (bl s (6505 (nlpwl 55 )l alas
25 G rizen ool Ll Gz gl
e bl ands Cosdy 0 QU QI LI e
635 ol HeiS )l e (s cxlial oy L
e Sl bocate (BLS)E g mgnniitdse g
4 ol AL2S Gtiogas] (giS ) g o pgmd i DLe
Sy Cllad (5 joS Do o4 azsh sy 0 LS
Ol (o058 DM 5 (eS (omad il (o))
SIS (i o Syl pla)) (6 a8 Culed
el 039y iy oS S

L odas el mhaw bls)l aiy olosl 5
o ol Slalllae By 40 ks (> oS 2>6
Lt ya oS o))l b s SMlae clled il g ool
S o dsms ol b Ll (P YY) el ooy
Slld b prts (> (2Ll bS5 Slalllae
aim e aSul L g sl sii ool Lt 4 odlas
0395 Ll b L ye Lol ol aily i3l colad
Y YY) el

cMas codled cote LU Lol adlas gbs
Lo (oLl b oS odlae ite bLs)l 5 oS
Fedorowich 4 (Y-1v) Antle adlbs gl aliw

Koo lus) /1€ a)laids /11 slo )5 (iaal g Cublagy aslilnd


https://jhsw.tums.ac.ir/article-1-6576-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

03,55 o,l55 1, 00 a8 SBaS a8 b5l eS Olae
Q38,8 ol pddsns (pleg, ol lasaid pleie aing
Clld b oS 5 50 605 o lisle polae iiS aS
aS Sl 5 ol jeS 0y cenl (S OMLae 52U
ceely Sostsl fﬁ‘*‘ Cadid yengy 45 ol 00 00lo
Al g 0,5 aile G laidn Koo g 5 Sl
Cuds (Swad ol axdllas jo (TV V) Conl onls
Lol el ailas 0929 joS oLl g poS aSds oy
(g2 yo ool a4y Cad) yiis o 0 IS job @
b Sladllas liwl) jo 5 Canl 00gy ol oS SIS
Jsb 50 (SogalS' L) cawes g 3l 51 S
s oy ol dsllae jo (V7 ,V0) ol yiaid
0395 SYob Sledat ;o o QU I LS > o
iy 4y az g Lol o e 4y 22 lB L oS
Ol dz 52 (V) oS omwe a4 a8 ODlae coled
G 2l i () s 25 2) S asls
CS b 5l Fargy ol AT YV LVF) 098 so oS
OMas 5L S8 Janl gl cl Sew EaS
b g didis edped Cumdg b Jld e slacdl 4

Gilple ies oS 1) g oslite job 4 4
SplS cel Gae olisS o Canl Sew iyl opl
Codled bl | el (Soe Jdo ol 4y g gl 2ol
Dgad oald las Gk oligS o Sl L e asld L
oles (v + V) Bradly Mot adlas ;o a5 jshalen Lol
o2 Ode SYeb i jo o) oo AT 4wl sols
Gl Eel Wl oo e o8 5 0peS us
Gl o Dyg0 » g0 0 aS (TF) Wigd Sl
2 byl Gl s oilae cudld by <3S L
B R B T P KV oA C L I VO S
RS-V VAV EP TP SIPEL P PA RV Y Ll USRI

e OlE8 gt LSl [0 G S a8 alis lgie 4 Cdel agly cpl VA
gl oo o0latul 0,5 oo JE SIS 5 yee o aS

Koo ols) /1€ a)ladds /1) o (5 (iag) § Cablagy aslibod

ohBes g )93 $5)5sL sane

e el bl Sl S 40 b o,lal ML
A Sl ooz ooy ylid 4 eae cdled b pid
asly Gl el sz e s Slalllas (B 0 0gdle
Y0 V8 casl oogd gl b Las e Ll el
sials) (Ss (YA o) g Jia iagh o
58 Cely g ugdeiaye Mlae (Al 2
bl Sl s o S (25 bl el Caons
s 4 ez 5 Conly 515 bl 5 Sl 5 (5508
09N 0ded dlld Cordg 4o S L S aads F-
ol e b (S ol Ll oldl sl Veglas
ol ) el las gls pe  (Swan 00l 5158
oSS g ailo wilS )5 aisle guiSon] (ol yrie andllas
O 6, e (St 5iSomles 5o iito b oS
2 S ASL agly Gdos (ul S Geigres (Wol
e 0 et gl @ s et sl
s Dankaerts (V) cusls ol Ll Obd b
0ol L o2 joS 050 a5 Wil es,S Ly (Y0 9) ol ) Ken
(0F) ol s e as Oae cdled )8l o
Aol anils sszg olacesdge ol Sew plplo
Gl gllas Mlae cdlad il g mals T o a8
Sdlad o8l e a5 dwy o0 SB Cnlple (OT)
O oS LU L e e 58 6,00 RYs (Odlae
IS oS wits (25 cnl g liExe Sl (B

O 0 4l OMas bl Colld boplys oS pglae
75 00 5 FIL bl a5l o Wlg oo (et
Westgaard 3 Mork .(vo YY) asb asls i
Oae cdled 5 jorwgy Slaww asdlas S o (Y -9)
CS 5 N0,S (gwyp GPgelS S e o ) oS
oo gy S e ) Al Cumdg o oS
bos o9 Omb b Oas Colled g aily 1) S
GBS 8,0 aslllae (nl 0 09 bad e oS s
03,5 ()15 6 9y e 0 1y yeS 9y Ll as
Sellad g Gl g (redd Do 4 4295 b sy

17 . Unsupported seated task in a kyphosed sitting posture

GoA


https://jhsw.tums.ac.ir/article-1-6576-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

e B3 VAT OWAC (,81)50300) 351 Cullad oy abyly Gas0395)) (L))

b i bLyl 0550 50 azgs J6 OIS 51 (S
L5 cels wz o ais 2 a5 cl pl 00 68
g sod Sloul 8,0 508 @dlg y0 Al Condg yo (5,
S8l 0039, (S 5l ool ploj Sl 4 azgi L Lol
i € Sy yndid) A Jlad 8 oy yo
(o5 o5l SLoled 5 oo (59, it o Sl o>
MS)QW‘JM)‘&LSJ‘O‘)U‘QW@LSJM
o iz by Jsd célp Syl il g ones
SV s Giulially o s o8 4 Ml Jos! g el |
9 U)L\G.C ‘Siuls.c 6lmsff5 )b ).u..x.: 05)13— L (?\N
IS ailgi oo ipalae )L cde & Jld 2 sla LSl
du).?h.aeoé;t)bwt.om5)“)u‘)ﬁujﬁw
el 550 Sials8l Lol il jo aS 00 0 ,Slae LS
(?& ,9\C ,a?)ww)ua.g‘ )’|)3b O)JJAS OL?U‘S

G5 e =

S L s e (S2L &S ) (oo Sl @
@l @ arg bandl ol bl 4 oae el
aS oy oo b A 3 Oldllas bl g axdllas oyl
sl e 4> s e I ol o
e kS lare 4wl ) OMae el lnle
Sl ls 18 (s 9550 508 (S bl o S50
Jelse b 28 plejee b cdlas colled 5 ogdle
75 g g RS gg (add Gloy e ohiga
Sy Ghas gras JFS )0 pall (el o
Oeizeed 313 15 4z g5 8590 13 1) (Slaree Jalge 292
Oae codled bls )l cwypm ol a5 o) o0l @
Wl Cmdg 50 QU I LI e oS (22U L
Collad mhav 4 s OMae i Colpul i
e Bl a8 Lz ool ooy gy pasls b o
Sllad s 4 S (s Sl e 5 (S0
Gl 00l aseiie yigs OMlac

Ol Jgb o oMlae cllad pois ol anlllas 5o

eq

5N a,S ey o g (V=00 YY) aeo oo (ialidl
508 Sl 3B b sl S o (Ko o
gy ) uizmed (B9 L0A 00 YY) aigd olx
oS Jab i jsb & Gl (San SBLEE et
OB L ablie sl Sae s nlple 5 Wed
Slae S ) il Gl 5SS 53
Gl e Dlac s oboyl uzmen 5 baygail 4
S 125 S5 G,k 5l S (S e sbml o
FRRCAD R NPIRE ERPRH PRUH TR 1| PO Gl
oS ad asede (Ve o B) oS 5 Kidd yursS anlllas
L ege 9,008 4 0bMe o 99,0 (g 3131 50 o
(ool cl> o) as paSLs a8 ax ;o ToaS o4
5 oads abml gl g als o ,Slee wil ioldl
4 by pe 0,0 sliel e (izmen il oo G o8
O 00 9,0505 g 33l e g S 0,0 4 Ll
(7)) 2gr a8 Tpglae (818 5 e T ogline (a1
0dped yomwg Laax aS Cewl oad eoly Hlis ogdle @
Jed Gl e Wl e Giendd e )0 pslae
sl bzl 5 b caald miS (V) (Sawd g0
ool Ao (OF 00) 0gi )88 e el Jld 8
5o oals edwline S aolidl o el (S Jolge
550 cnlpli aidl axdls B8 eses (el o>
e & i, e Sl s o sy o i
Olejed b asly wls 18 08 ol () e
Shelse (mizmed 9 05 g ohag Jelse plo 2
Sl Jelse 0529 9 (Mae S j0 el aiile
b e Jelse cnl LS )0 0ls S8 arg Syse 5 1,
5 b Jole So (g2 lB 05 e cnls Sl o
CS i paseds i il cow el (San g ol 0
Seryiso S5 g, (nl 510 xS )8 Badod o oS
@4y by asl ele aiz 93,05 ol o5l o5
G el (S (S Gl e 9 pasd Llyd

A3l i jeS 050 g Sl oobl jo ele SO

19. Creep

20. Chronic or recurrent low back pain
21. Cyclical flexion

22. Sustained flexion
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