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D Arm supported/Person leaning
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| Check balance
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&l |
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Investigete further and change soon

Sidet @ |cft O Right

—Parameters - i~ Details

|Posture ;I Uppes Arm: 2|
| Static @ Intermittent _) Repeated ;I Eraai 2
;He;e:t}-recufr-c-,' Il % hwrise 1
| < 4 Tirnessming Q-5 & Tirmes/miti

- i Wrist Twist: 1

Posture A: EN |
Muscle: |
Force/load: o
Wrist and Arm: 3

I: ;j Trunk: 3

Leg: 1

£k I Posture B: 6

Meck, Trunk end Leg: &

RLILA Anatysis [costurmer)

Score

Final Score: 6

Investigate further and change soon

Side: 71 ot @ Right

Parameters Details
Posture | Upper e 3
) Static @ Intermittent ) Repeated _+ | Foreanm: 2
Repest Freq _&IWriu: 3
@ o ! | o] wrist Twizt: 1
5 Posture A: 4
[ Arm supparted/Person leaning e 0
uscle:
[ Arme are working across midline Ferce/load: 0
[ Check balance Wrist and Arm: 4
3 | Meck s
Loac: | Okg =] ] Trunk: 3

Leg: 1
i l Posture B: 7

Meck, Trunk and Leg: 7 I

Clase I

oo (63w dgds Joo (gl RULA (g & (5 ysiion (g Sy Judond :F S

O dae Curdy pl ¢lp 0l Jleel RULA >

B ol wiels
OLLS S @ 55 S oymby g 03 oo
CS g g 5 i hlug 905 G 4 el
&lo oo dboul slao § K] ;o by yuggs]
S5 doles s 4y )b i las yawas 3l
uby uaﬂa.al.a » oay-c 09—*-0‘5" °"\""""3)5 L’ Jﬁ" 9
aS g oo oddline oailyg,d gl e slas
Coom a1 1y 093 (LS5 L Commo sl b yiee
P> AdaS oyl 0 edd dndl SzeS glisw

Srwgmg sl leools 5l esliiwl L b ron
oSl b oy o baiS olyiie slp
Hos-) o a8 Jlas o el )V VY Faa
%AFIT aS pl 4 4> L (seini Nasab, 2008
TG edwd S C«.w‘) R Oy90 .>|).9| )|
dw Joo jleolazwl b oy cnly das gl Jols
G RULA  Ldss 0,50 ¥ S0 Bollae (g0
Sy ) Y ooae (Judos cpl 5l ol azms 28 S
4z 2 g oo Gl ) (Vb S &5 09 (503
A oe ol Wb i
7553 85 g ey B (% o des Gl
ol s 4 ¥ S gllae e IS ploxl

19 Caibblagy wollos | >
9 Cuwlixg? “

)5 S

1WQIE jlgy /) oyladds /0 sla


https://journals.tums.ac.ir/jhsw/article-1-5245-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

| g Cablagy asliling %

)6 3

1WQIE gy /) d)ladd /0 Mo

3giiis )3 (SO Culy HUb g JBos Slaasl (3366305)) (ahb § (L))

SRR
Sides ) Left & Right
Pararnetens Dietails
Pature |l veper em: 1
C 5tatic O Interersttent & Repeated ]| Feram: t
fepeat Frequency e 1
- st Tt 1
Posture i Y|
13 Arm suppcried/Person lesning S ' .
[ Arns 308 working serecs midwne ForodLoedi 0
[ Cheek balance Wrist and Arm: 4
: B L 1
Load: [Ohg H ] Tnake i}
Scere Leg: L
Finel Scores 3 | Posturem: 1
Ivestigate furthes Neck Trunk and Leg: 2
Clase
b
(e Q.wb Coomw) AL JOVE SRR CYR W IV} ,_,»wa.) RULA N ES 1| A g Cv
Side: @ Left O Right
riPammeeE el
|Pasturc ___:JUpperArrn: 1.
|0l Static @ Intermittent (1 Repeated .;‘Forealm: 1
|Repeat Freguency ;]Wn';i' 1 .
[@ Q- 4 Tin || & | wrist Tuvist: 1.
| s Posture &: 1
|9 iAmm supported/Person lezning | Muscl ¢ mm
| uscle:
] &ms are working across midline iy e o
E Check balance Wrict and A 1
| ;ll'\.leck: 1.
|Load: |Qkg
| |+ | Tunk 1
_ | =
i"S(DfE' S| Leg: 1

(O o o) A8l i’ (s duw yorawgy bl p RULA. i 0.0 S

Al g aiS B e ol Gl b
@ 9 O B 5 G 0gen ) S (55w
Sl ad Sl ulal y aige las)| )5 pln
0l nal Cumdy el Cawd 4yl o V-
ol isled oy Sl Cos (gl AIN-0 S o
Y oooe Bl ) u_" LS‘JJ RULA ).JL;‘ w‘ W)
L bl l o oaims lis oS s o las I
Cowd u.)‘)JLu el 00l salo uL......au—a Ji.f:)b
Sypbas 0,5 o0 )18 pslle Candg )0 00
4 g Al ax,0 94 g aoly 93b g aelw a5
&1 RULA 3 JUT 5,5 oo )13 500 55, 2 (&>,
HB oo Lo a5 il Vo soe rug )
Lol oloiig g o9 Jo
Je s o5 ol Jxe £ o ilas

LY @lhe plytie Cundy (nl oS o
Py Sl (g g il slul i85 Sy
O S, b g5le ans CATIA V5 R20,153
sae Comdg pl 6lp RULA 3JGT 51 eawl cows
Aol o £

633k a5 Sl GlaisS @ 5 )1 e gl
> opl a5 0,5 o )18 als 51 YL easig)8
a3l Al o Sl g 0,0 Coge «Dawjle (o
s gy ol it S5ige (53,5 3 S
0> ASAS 15 gl o a4 1) 095 0,8 g 0
D20 o Bl S 0ol slacw! S,
Vil S & G b Cendy o i)
S e e VYFe Ll azl Gzl ey
5 Obie slp a5 Clg) 00l b OLLS
Al oo oollasls


https://journals.tums.ac.ir/jhsw/article-1-5245-en.html

S3RE Bol - (5010) 3368

RULA Analysis {cost

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

P P "‘-—-,___‘__1| Side (7 et @ Right
— || Parameters Dretails
|Pasturs | Upper e 1
) Static ® Intermittent C’ Repeated ;Ipum,m: 1
Fepeat Frequency | wst 1.
@ o o | wrist Twist: 1.
Posture & 1
1 &rm supportedPerson leaning i D
usdle

[ &irme are working acioss midline e 0
[ Check balance Wrist and Arm: 1.
. - ;I Meck: 1.
Load: |Okg - | Trunk: 1
Score Leg: 1.
Final Score 1 - Posture B 1.

Arceptable

Neck, Trunk ond Leg: 1

Clos=

& ieino 61y Qb i G s yZwgy (bl RULA ol o Sl

28l e Lulpd o 5l e g (SHas
e S0 ye deliinyy 9 QEC sla ybg, (wlal
Gl cn i Byme )0 g3k g ALl 5 eS
sl o
@l Gl b ol G axs
50 diges glp all 0 peed lie Oladss
Sy gyl 5o WLSes 5 il ash
Shlslally ol l5 s SMae - Sl Y|
3 )0 920 ol RULA - (g, a0 (S jnss
Wld oS (oS (Al 0 S 4 Gl
@Yk s 3 b lagl g @)l ctaws o ety 4l
(Khodabakhshi ef al., 2014) ccwl ool sonliw
S SR A LV B VOV B L OV SRR O )
4l Sy L)l s GBS sl plal SMas
RULA 5, b 5,0 <5 50 S &L, ()6 5o,
bgiye S (npiin a5 W05 (5155 5 (o) 2
5 @0 (20y0 YY) 05 (aoys Ar) S w
Sl 039 (duo,0 FV) &l (ao,0 YY) caws
=S wizeen (Dormohammadi et al, 2014)
YYV &g, p &5 Ll Koo ¢ Schibye b
dolidowyy 5l oolaiwl b oo bl il g5l 5]
G wa3 o0 plis anl Wb pdy plnil o059
g b als o Sdlac- ISl e 51 SV

PO e b gl e i enils b b5 i
sl bl 5 elool anTs b oo a3 )5 Ly
Oy e 4 Ced b gln gl ol
2 S2S gl aw Sl ek )-8
P 4 b oad a3 )5 a5 )5 agl> ased o,
T
Foske VOV gl )l oS o5 ol oo 4 |
laoghygw slr e )] Olsie & () 42 S
o ol s 6yt gl RULA 5JUT il o
Jod BB oo §55L a4 wes oo ylid ] ) sae

G Al g Sy
sais jo )5 Lall wiegh ol o
A e 50 S pSIh ay )L g g2
ooliitul b il )3 28,5 H13 (o) 990 et
(S0 pelid g asliiny aslas Glals,
SleMbl ol 0o ,8 aps idu F 0 p3Y Oledb
(S 1538 5 oyes oS Jold
Sl (bl Grzen 5 (Sl (Sl o aere
Seopss)l sloazls Ll g a5 b e
4zlye gl (p e oS W05 ais (Jol>
—lSl Censy a4 baye o bl 5 lio

>
i3

)5 oy g Cublagy asliling

1191 jlgy /) d)laid /0 sla


https://journals.tums.ac.ir/jhsw/article-1-5245-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

| g Cablagy asliling g

)15

1WQIE ylgy /1 oylasd /0 sl

3giiis )3 (SO Culy HUb g JBos Slaasl (3366305)) (ahb § (L))

[CY R PRWEYIKY Twogs 08 Jgaz y0 bojlouds) b QL“'\'.‘.% 9 ‘;'»I).b » ‘_goLQ.\.&.u ul).a...u R

MQ‘#WWU&‘;;‘SQMQ|M.A Jeus

Sl s

ol lyeis

el ey telS Az o g V4 V5l Vg, sae poes
crly g 3yl g3l ar Cond Ay A o angly coao aels SMlae
PERES LR ST ERARCRPE SLESTIW IR RS T )

At g gllas Condy

azly B 4y Cond o lea Yy Ve e e 5l g glis)l o Y

N 4 # J RULA Sy a3l s

Foagsbea VoA 4 TF Sl g 5 )5 Jobis e glisl s

g A o

585 Jolie FutS pus dogily o 2alf daly ag sl pas
a5 4 a3y slael rals ams

oailigd slp ol g 3 solizal ¥

a5 (g 9 S8 Jobs Jeed iy 4 liie ol o3 pas
5005 @ ayly slec ] talf) dae - SIS Sy tals
(a5

st glen VAT - gyl o 0poen 420 (gg) 1 Flygw T oalel ¥

O o

shie 5322 30 Jogud el batlg 31 20 slae 5 o talS
azly SEB J3 o 4 o gl 51 26 090 2939 falS g 55720

a8 Cpm i g el olfugl 5 gs ge8 Azl LEnl D
005 bl dy Sty sl oy o5 (g sb 4 az g0 VA l5es

8l Gl G gy 2zl o

Sl s ead el gl e sl e 9 )5 Jol Jove glis )|
e T aaztgd L Ll

e 595 0 SEGT 45 g5k 4 wazly S 6T 5 g pis B
035 15 obj gyl b g

Comdy hi> g S G 0 G Cundy
S5l sl (Shy b a5 ol Sl
S8 pldez 5 Slieas o sl (Ab o
RN RAPN PR RCU WP
o @ cnl (S b g,lmial pl 0l 4 S
5 O Jols oo g e i) G390 cemlial
oy B ) adl eards b 9 e (i o
IS4 (GYsb plej Gae yo Wl B plin 4
Cowd a5 0,5 |3 (Gunds 5 g 0l o3 sl
il S 51 YL g oad 0updS sl Ceows 4 gl

o 0k &L&.’;)l JUIRUE o ral.i;_a & e

Schibye ef) .cuol aiils vg>g )5 0,8
doys 0 Dol .5 g calas ol (al, 1995
L ool o Wl oo oo aliee (2lgi 050
0575 5 &) Slebs Gl (Jid g cdilhas
Sogbar il alie o)l 5 ledld 1SS
b oS0 s alie Jolie plo o o
Slye s Seispsll culy (35,8 5 55l sl
I, a5 g SBgd plail jo oYM 51 plie
(Mahmoodi, et al, 2014) &los, S %,158
Sl oS (YL sleas,s Jbye o
0oy emlil Gl plas ead ()15 (Slae —


https://journals.tums.ac.ir/jhsw/article-1-5245-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

S3RE Bol - (5010) 3368

&L

AFL-CIO, American Federation of Labor and Con-
gress of Industrial Organizations, 2012. Report
on ‘Death on the Job, the Toll of Neglect: a
National and State-bystate Profile of Worker
Safety and Health in the United States’.

Bhattacharya A. 2014, Costs of occupational mus-
culo-skeletal disorders (MSDs) in the United
States. International Journal of Industrial Ergo-
nomics. (44):448-454.

Bongers PM, Kremer AM, Ter Laak J. 2002, are
psychosocial factors, risk factors foe symp-
toms and signs of the Shoulder, elbow, or hand/
wrist? A review of the epidemiological litera-
ture. Am J Ind Med. 41(5):315-342.

Choobineh A.; Daneshmandi.; Fallah Poor A.;
Rahimi Fard H. 2013, Ergonomic assessment
of musculoskeletal disorders risk level among
workers of a petrochemical company. Iran Oc-
cupational Health, 10(3): 78-88.[Persian]

David, G.; Woods, V.; Li G, Buckle P. 2008. The
development of the Quick Exposure Check
(QEC) for assessing exposure to risk factors
for work-related musculoskeletal disorders.
Applied Ergonomics. 39 (1): 57-69.

Dawson A-P.; Steele E-J.; Hodges P- W.; Stewart
S., 2009, Development and Test—Retest Reli-
ability of an Extended Version of the Nordic
Musculoskeletal  Questionnaire (NMQ-E):
A Screening Instrument for Musculoskeletal
Pain. The Journal of Pain.10 (5): 517-526.

Dormohammadi A, Zareie E, Normohammadi M,

I8 e 89 2 E=h 4 blwws B ogd co s
(bl S saiigd o Sl ool g 0SS
S92y ol gl gllael Conds b 5 o
9 4 bbb Gog gl b aS slaisS 4 09l o
Dgd oo Jiie poS 4 baly g gily Al o 00 (b
b S SVL 0)lge (pdm ) 5 5 e

Gl 1y asS elas )l a5 col (5 (59, ») o)

5 axl Ll odle 4y .08 oo ol )b i

ol o3s 0L 4 9, 5 ool sleoliinl LS
53 0diing 8 (sl oaims 5T slalas sl egdle
4 S oo Sbml Pl ol yiie b LU 6,18
CotS 55 Ll 5l b 090 o uggsl 085 plKa
s oo )3 b cos | angS 5 Is slea
SRl PP 5o e g ol b gl Gom an
b Cundy gl 5 05 slmyl CATIA V5 R20
YL oy 4 a9 b oo 5 plsl RULA. Lo
SN Sandg 0 (ki D990 (S slacandy
bl g Jlasl VL S, b (2l aST L
Sy gob oz Cumdg 0 0 1SS
ON g ey S Gl oo 4 oaidg b
Soete Va4 Pl g ie sls ) g Yar 05 V)
oY ko Ol 5l ol s awens gl 2l
(& olaws S99y 2 M 6L®<5""'))‘«’ bl
oals plowil j5iS mhaw jo bk (B )8 slo axl
SR anlllas 550 Sgliie (S 2agys il sla S
A S

@l Slis VS35 0 Jour 5o
5 i - il o] LialS
s oyl L5b eomen 5 e O

19 Cublagy aslibos | >
9 Cuwlixg? S

)5 S

1191 jlgy /) d)laid /0 sla


https://journals.tums.ac.ir/jhsw/article-1-5245-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

| g Cablagy asliling z

)15

1WQIE ylgy /1 oylasd /0 sl

3giiis )3 (SO Culy HUb g JBos Slaasl (3366305)) (ahb § (L))

assessment of musculoskeletal disorders risk
among the computer users by RULA technique
and effects of an eight-week corrective exer-
cises program on reduction of musculoskeletal
pain, Journal of Ergonomics, 2(3): 44-56.[Per-
sian]

Kihlstedt A.; Hiagg G- M., 2011, Checkout cash-
ier work and counter design Video movement
analysis, musculoskeletal disorders and cus-
tomer interaction. International Journal of In-
dustrial Ergonomics. 41: 201-207.

Korpinen L.; Suuronen N.; Latva-Teikari J.; Pask-
konen R., 2009, A questionnaire on the health
effects of new technical equipment. Interna-
tional Journal of Industrial Ergonomics. 39(1):
105-114.

Kuorinka I.; Jonsson B.; Kilbom A.; Vinterberg
H.; Biering-Srensen F.; Gorgensen K., 1987,
Standardised Nordic questionnaires for the
analysis of musculoskeletal symptoms. Ap-
plied Ergonomics. 18(3):233-237.

Lamel L.; Bennacef S.; Gauvain J-L.; Dartigues
H.; Temem J-N, 2002, User evaluation of the
Multimedia Service Kiosk. Speech Communi-
cation, 38:31-139.

Mahmoodi F, Sahebozamani M, Sharifian I, Shar-
ifi H., 2014, The effect of corrective exercises
on the pain and degree of uneven shoulder de-
formity. J Res Sport Rehabil.1(2):1-9. [Persian]

McAtamney L.; Corlett E- N., 1993, RULA: a sur-
vey method for the investigation of work-relat-

ed upper limb disorders. Applied Ergonomics.

Sarsangi V, Amjad Sardrodi H, Asghari M.
2014, Risk Assessment of Computer Users’
Upper Musculoskeletal limbs Disorders in a
Power Company by means of RULA Method
and NMQ in 1390. Journal of Sabzevar Uni-
versity of Medical Sciences, 20(4):521-529.
[Persian]

Esbati M.; Khaleghian M.; Parkani A., 2012, Com-
plex regulations difficult and hazardous jobs:
Fadak Isatis; [Persian]

Grave R-J., 1992, Using ergonomics in engineer-
ing design to improve health and safety. Safety
Science; 15(4-6): 327-349.

Hosseini Nasab H.; Sadra Abarghooi N. 2008,
Static Anthropometry in Iran. 1st Iranian Na-
tional conference on Ergonomics: 492-501.
[Persian]

IGR- DHIJ, Iranian Government Regulation Act
for difficult and hazardous jobs, 2007, http://
www.tamin.ir/News/Item/1646/2/1646.html.
[Persian]

ISSOAS, Iran Social Security Organization An-
nual Statistical Report; 2013. [Persian]

Janbozorgi A, Karimi A, Rahnama N, Karimian R,
Ghasemi GhA. 2012, An ergonomic analysis
of musculoskeletal disorder risk in tutors by
Quick Exposure Check (QEC) method and the
effect of 8-week selective corrective exercises
and ergonomic intervention on their encounter.
J Res Rehabil Sci. 8(5):919-927. [Persian]

Khodabakhshi Z, Saadatmand S. A, Anbarian M,

Heydari Moghadam R, 2014, An ergonomic


https://journals.tums.ac.ir/jhsw/article-1-5245-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

S3RE Bol - (5010) 3368

Sjogaard G., 1995, Musculoskeletal symptoms
among sewing machine operators. Scand J
Work Environ Health. 21(6):427-34.

Tirgar A, Aghalari Z , Salari F., 2014, Musculo-
skeletal disorders and ergonomic considera-
tions in computer use among medical sciences
students. Journal of Ergonomics. 1(3):55-64.
[Persian]

Wiler ,J-L.; Gentle ,C.; Halfpenny ,J-M.; Heins
,A.; Mehrotra A,Mikhail M-G,Diana, F., 2010,
Optimizing Emergency Department Front-End
Operations. Annals of Emergency Medicine.
55(2):142-160.

Wiley, 2010, TICKOO S. CATIA V5R20: For en-
gineers and designers.

Wishart, G-A., 1986, An improved counter design
for bank tellers. A case study. In: Trends in
the Ergonomics of Work. Proc 23rd ann conf

Erg Soc. Australia.: 24-28.

24(2): 91-99.

MHME, Ministry of health and medical education.
2013, Threshold limits for occupational expo-
sures.; Book 1&2. [Persian]

Naidoo S, Kromhout H, London L, Naidoo RN,
Burdorf A. 2009, Musculoskeletal Disorders
Pain in Women Working in Small- Scale Agri-
culture in South Africa. Am J Ind Med.52:202-
2009.

Rahimian JT, Choobineh A, Dehghan N, Rahimian
RT, Kolahi H, Abbasi M, Abbaszadeh M. 2014,
Ergonomic Evaluation of Exposure to Muscu-
loskeletal Disorders Risk Factors in Welders.
Journal of Ergonomics. 1(3):18-26. [Persian]

Rowe I.; Smith D., 2005, Developing a design for
the new ticket offices at King’s Cross Under-
ground Station. Contemporary Ergonomics:
626-634.

Schibye B, Skov T, Ekner D, Christiansen JU,

| g Cudlagy asliling >
S

)5 S

1191 jlgy /) d)laid /0 sla


https://journals.tums.ac.ir/jhsw/article-1-5245-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

Journal of Health and Safety at Work Vol. 5; No. 1; Spring 2015

Ergonomic Assessment and Design of Electronic Ticket
Booths in Mashhad City

H. Razavi '*; A. Behbudi’

! Associate Professor, Industrial Engineering Department, Ferdowsi University of Mashhad

? Bs.c, Industrial Management, Allameh Tabatabaii University

Abstract

Introduction: Work conditions in kerbside ticket booths intensify the risk of health threats. In this research, it is
aimed to introduce solutions for improving ergonomics conditions of these booths, by ranking and analysis the
risk factors.

Material and Method: Demographic information as well as physical, mental, and safety conditions of 47
booths are collected through questionnaires, interview and video recording. Following, critical index was
identified using a hybrid method including QEC checklist, ANOVA statistical test and innovative methods for
determining ergonomic indices. Improvement strategiesfor the critical index were analysed,using CATIA V5
R20 software and RULA technique, and solutions were presented.

Result: Based on F-test at the 0.05 significance level, anthropometric characteristics and personal information-
showed no difference betweenmale and female vendors, except for weight. Comparison of ergonomic indices
manifested the maximum occupational exposurefor physical-motor factors (45.39) and environmental factors
(41.28). Additionally, the highest risks determined by Nordic questionnaire and QEC checklists belonged to
arms and shoulders (38) and wrist (26). Three dimensional model of vender with current and suggested pos-
tures were analysed using RULA and accordingly it was found that risk levels were improved for right and left
side of the vendor body from 7 and 5 to 3 and 1, and for customers from 6 to 1.

Conclusion: Vendors of electronic ticket booths are exposed to musculoskeletal and environmental health
threats, in Mashhad. Relocating the booths, adjustingcounterand desk height can significantly reduce the risk

of mentioned hazards

Keywords: Ergonomic assessment, Ticket booth, RULA, QEC checklist, Nordic questionnaire
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