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ABSTRACT

Introduction: Falls from height rank among the most frequent accidents encountered in construction
workplaces. To mitigate such risks, the utilization of suitable personal fall protection equipment, including
safety harnesses, proves to be an effective control measure.

Material and Methods: This study involved a comprehensive review of articles pertaining to the study’s
objective, published in renowned scientific journals between 2000 and 2021. To achieve this, a meticulous
search was conducted across ten scientific-specialized databases, employing eight keywords: “Full body
harness,” “fall arrest systems,” “industrial harness,” “harness ergonomic,” “design procedures harness,”
“standard for harness,” “fall protection,” and “P.P.E work at height.” The search yielded a collection of

relevant articles for analysis and examination.

Results: A total of 101 articles were gathered through the utilization of the specified keywords.
Subsequently, a meticulous review process led to the selection of 23 relevant articles for inclusion in
the primary study. These chosen articles were categorized into two distinct groups: one focused on the
“design of harnesses and optimization of fall arrest systems,” while the other delved into “studies on the
consequences of suspension from a height and its effects.” Our findings revealed that 34.7% of the studies
evaluated harness safety, 34.7% examined harness ergonomics, and 30.3% investigated suspension
consequences.

Conclusion: When a harness is suspended, it leads to physiological changes. Notably, no studies have
reported any fatalities resulting from harness suspension. However, the longevity of the suspension
greatly depends on utilizing the appropriate harness accessories. The most significant challenge lies in the
ergonomic design of the harnesses.
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1. INTRODUCTION

Construction-related accidents represent a
significant category of occupational incidents,
frequently resulting in severe injuries, fatalities,
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and considerable financial repercussions. Research
demonstrates that construction workers face a
three to six times higher risk of fatal accidents
compared to their counterparts in other industries.
Among these, falls from height (FEH.) are the most
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prevalent, remaining the leading cause of fatalities
in the sector from 2001 to 2019.

Given the dynamic, unpredictable, and complex
nature of working at height, implementing effective
control measures and prevention strategies is
critical in the construction industry. The use of
appropriate personal protective equipment (P.P.E.),
such as harnesses, can significantly mitigate the
risk of such accidents, thereby reducing associated
injuries and costs.

Harnesses, a key component of a comprehensive
fall prevention system, are integral to safeguarding
workers against falls in industrial and construction
settings. Despite their protective function, they
can also introduce hazards, most notably harness
suspension stress (H.S.S.). H.S.S., also known as
suspension trauma, hanging harness syndrome, or
harness-induced trauma, is a serious concern.

Therefore, particular attention should be paid
to the design and usability of harnesses among
construction workers. Ensuring the harness is
comfortable and well-fitted makes workers more
likely to wear them without resistance, reducing the
risk of severe accidents and fatalities.

This study aims to systematically review the
existing literature concerning the effects of height
suspension and the design of safety harnesses
to protect against falls. Based on the surveyed
research, no review study has been conducted
specifically on harnesses, and a limited number of
studies focus on harness design. This underscores
the need for further investigation into this vital
safety equipment.

2. MATERIAL AND METHODS

This study, conducted in 2021 and 2022,
employed a systematic review strategy to extract
data from seven international databases: Science
Direct, Web of Science, Wiley, Scopus, Google
Scholar, PubMed, and Springer. Additionally,
information was sourced from four Iranian
databases for Persian articles: www.sid.ir, http://
www.magiran.com, http://www.iranmedex.com,
and www.irandoc.ac.ir. An array of keywords was
applied to the international databases, including
“Full body harness,” “fall arrest systems,” “industrial
harness,” “ergonomic harness,” “design procedures
harness,” “standard for harness,” “fall protection,’
and “PP.E. work at height” The data collected was
then organized using EndNote software (version
8X), which allowed for the efficient elimination of
duplicate entries. The references cited in the articles
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were further scrutinized to ensure no relevant study
was overlooked.

Your primary aim was to review and analyze
published articles. You screened these articles
based on their titles and abstracts to obtain a
comprehensive understanding of their content.
Any articles with unavailable full text were excluded
from the review. For those with accessible and
downloadable full text, you conducted a thorough
review.

The selected articles were sorted using Excel and
classified based on their research topic, purpose,
methodology, and results. Subsequently, their
abstracts and full texts were reviewed and analyzed
in-depth. You reviewed the articles and grouped
them post-selection based on their research subject
and objectives.

The articles were initially divided into two
main categories: 1) the consequences of suspension
following a fall from height, and 2) the design of
safety harnesses to protect against falls. Further
discussions encompassed the location of the
studies, the harness design, and the impact of
suspension.

3. RESULTS AND DISCUSSION

From the targeted scientific databases, you
retrieved a total of 101 articles. However, you
discarded 27 of these due to duplication across the
databases. Subsequent title screening led to the
removal of an additional 22 articles as their content
did not align with your study’s objectives.

Following this, you assessed the remaining
articles based on their abstracts. This resulted in the
exclusion of 19 articles that lacked relevant abstract
content. After these initial screening processes, you
were left with 33 articles that resonated with your
study’s purpose.

You encountered access limitations to the full
text of 10 of these articles, owing to subscription
restrictions to certain journals, and they were
consequently removed from consideration. This left
you with 23 articles that underwent a comprehensive
review. A detailed breakdown of the article selection
process is illustrated in Figure 1.

Distribution of articles by place of study

The articles examined in this study were
categorized by their country of origin, as illustrated
in Figure 2. This diagram depicts the distribution
of articles reviewed from each country, focusing on
the design of harnesses and their suspension effects.
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Fig. 1: Summary of the article review process

Our findings indicate a significant proportion of
these studies, specifically 39.7%, originate from the
United States, suggesting substantial research in
this area has been conducted within that country.

Effects and consequences of suspension from a height

The impact and aftermath of suspension from
height comprised 30% of the studies selected
for review. These studies evaluated a variety of
factors, such as the year of the study, location of
research, purpose of the investigation, number
of participants, gender, average age range, and
duration of suspension tolerated.

Our analysis reveals that 71% of the studies
focused on the consequences of altitude suspension
are relatively recent and were conducted within the
last ten years. Furthermore, all these investigations
were carried out in developed countries. The studies
incorporated both male and female participants,
though the total participant count in each study
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was under 50. In many cases, the number of male
participants outnumbered the females.

In 85% of the studies, the participants’ age range
was below 50 years, and 80% of the studies involved
construction workers. The average duration of
suspension tolerance discussed in these studies was
approximately one hour. The methodologies used
in these studies predominantly focused on various
symptoms of physiological variables.

Key aspects considered in these studies on the
effects and consequences of harness suspension
included the gender and number of participants,
suspension duration, and physiological variables.
These parameters are detailed in Table 1.

Design and optimization of fall protection harnesses

The studies reviewed collectively considered
several factors, including demographic variables
suchas gender, race, height, weight, and participants’
occupations. The methodologies employed
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Fig. 2: Distribution of reviewed articles by country

encompassed  anthropometric ~ measurement
methods and the use of simulators. Various test
criteria, including the D-ring, free-fall distance,
harness fit, and measurement tests, were assessed.
Each proved to be significant and influential in the
design of harnesses. A summary of studies focused
on harness design is provided in Table 2.

In these studies, 31.25% employed a dummy
for testing, while approximately 40% conducted
tests on both women and men who were primarily
construction workers. Only one study specifically
focused on carpenters. The research methods
involved either a traditional anthropometry
questionnaire or three-dimensional anthropometry.
Most of these studies were conducted in developed
countries.

4. CONCLUSIONS

Studies reveal that harness design, in terms
of anthropometry and comfort, is yet to be fully
tailored for diverse populations. Many workers at
elevated heights refrain from using safety harnesses
primarily due to discomfort, dissatisfaction during
use, and complaints about the harness not fitting
their body dimensions appropriately. Evidently,
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there is a dearth of research on harness usability
and the role of body dimensions in optimal harness
design. Despite scientific advancements, gaps persist
in the safe and ergonomic design of harnesses.

A successful design ensures the safety of
personal protective equipment and encourages
workers to use it willingly and enthusiastically.
We anticipate a surge in research activities in the
coming years, focusing on the ease of wear and
ergonomic design of harnesses across different
countries. Future investigations into fall prevention
mechanisms and harness design are likely to be
more interdisciplinary.

Incorporating safety and ergonomics, along
with behavioral and participatory tests, will be
essential for designing suitable harnesses that
workers will use when faced with height-related
occupational hazards. The findings of these studies
will provide a clear roadmap for safety researchers
to frame future research with a fresh perspective.

5. ACKNOWLEDGMENT

This article has been approved and funded as a
research project with grant number 32031 by Shahid
Beheshti University of Medical Sciences in Iran.

883



https://journals.tums.ac.ir/jhsw/article-1-6914-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-27 |

QoP-AAo Oiladw 11€eP plims) /) a)laids /11E sl

3 ol O g S )1 38 JI5 (ioa! o 3 (21 3 Silosinnns (v 3 39
b g plCD Gl
e (39933 ¢ (b (Bl > Tl (owge

Ol el e i S (S pale olSiils IS lasre Coodls £l65, Sl 55 e

Q‘f‘ ‘u‘;@f ‘ ’.‘.....e" W o S ‘,.b" éu]: '9515 olKisls ‘LS""".{‘ 9 w‘u\e(.» ousisls ‘6‘43).’> w“.\pf 9 g.od‘ ‘swéu.e(a 05;\‘

Q‘J"‘ ‘U‘)’ef ‘U‘)"‘ W% S9v=) 9 pJ& olKisls nw) Ja.:?u 9 Lg)l.o.’.n cuSiisls ‘w ‘5>‘)Jo bj)fr

OInl O (i S (Sip pale olRails ( cres) 9 Sublagy caSlidle (glad o Clilags o (Sesl (cwiige o”f“

VET/ WY Gopde g, b Fe)/) /o8 el o g b

oxis =

bgins jl bl Jslug 5l osliiwl.ail oo sl g il (oI5 Lo 10 2olis Gdlgs 5| SG elas )| 5l bogis tdouiio
s e 4alln ] Bl e oy (3 g S sloel ] 52 sl o e cmnlin 53,9
sl 00 1315 5y 3l S 31 g ieul Sl ylo Syl Sileis

5 by Gl (pgas )3 (ol D 5 0a jaitie SYe (Silatas (59,0 ardllas (nl ;5 )1 b9
YV VBYeee sl Jlo b o ol leolaul sfis bgiw 5l o6 sbvasly 5 sl Gl uile o,k
o) ebogiins a8gT i (g plod e jle ol AadS A sl ool b g (285 )18 o) 0550
2 (5359 Sbili B304 5 L I ciliz ool (sl i o o (oo o go53sT )l o 0 o sixio
A5 5 sl Lo o SYin 5 00,5 ol rias (5ol slgalSly 5 (gl Joleo L g i
20,5 ploul Sladllas 5JUT 5 (sons s LS 0550 sloosls ! Sl 5l o aias

Pl (sl gms 2 3l oy Sales 50 5 00,5 (6 glenz i Vo) woalitl 8 )50 udS SlolS ol il Sl
gl ijle by Lol 09,5 90 ;0 oo Sl SYlae s Lol asdllas o g g Sl o o allie YT onls
(s oy €051 51 g 6l ) 51 ks slaaaly 4 bogyye lalllar g €logins iy (glaptas (55luding
era> ooy YHIY (uhjle casl paas (o Sladllas jlas s YV aS ols lis euds plosl Olalllas i
ol o aldllas g ols las s aslaisls  gadsd sl (g Slalllas Qo 10 Yo /Y g i jlo  s0gisS )
el 0038 5 ploil (g y 2 0590 DY Lae 5I7YAIY) IS ol jo o

U 0 s 9T Gldllas gead .ol o 99392 i 1o Gl Lo 0 SOoln b Dl yusk g wadle £ S AR
A 5 Nl Yy Balad foond e il oo Lo pui o (gl cpmnilicn ol pifal 03,55 0 8] a5l 3l ]
D5 3925 B yui o SngisS | b ogas )0 IS ys i

idei bogbs o uiylo o os) £LE5) 0 TSNS OIS =

parvin_sepehr@yahoo.com :45\5e Jyius oot g (Suig 2SIl o 3

11€eP s /1 s)laid /11€ sla (5 (iag) g Cublagy aslibod

)5 oyl g Calbrlagy aslilins


https://journals.tums.ac.ir/jhsw/article-1-6914-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-27 |

- gl83)1 )3 )5 (iagl pudyle (sl Sx3laTum (w)p

laojgn ;0 pae (all g Dgb Jle doyd OV &5 ud
bgi 3150 e et olpl esul yo Slesle
Oyt 51 Sy eyl 5l bgd ()l o0g glas )|
(O )asb o 5 eSSl 3 ) 5 (GB0 e g S pe Yo
SR, ook slaan so el )| bgiw 5l (AU ols>
Goled o olaws AVl .(V)HAS o Juesd dzal>
ol Slesle glacole jo glas)l 5l bain &ols>
(PPE) (60,8 cblax> oligan 3l olg oo 45003l o
osliinl walg> g55 (nl 69 5l 6T ol Sl cmlie
b gloan 12 g 0l,8l Sleas ] SaSTL lgin B oged
O ols yuals' 1) bsduw

sedled b5 @S e OSHA o jlastesl bl 5
s 51 e VA Sl G glis o o] plomil b o5
5 555 on ban il )3 IS plyiny 3,5 pladl (one;
30 (s 2) (69,8 bgiaus 5l @i (slapincen 5l oolaiul
B Oalb oo ol e VAL 51 YL 6,5 Lyl s
1 el oauzmn 9 e o Solal gy Sodled glas )l o
S Sl mtpo Altans glis 5| L 5,8y 5 55
oz jlogh a8 Jlai )0 jlu 5 Cole Cuao 3 Wb
S5 ilion ke a5 3,50 50,5 bli oLy
lalasre jo o yui,la sloslaiwl (glas )l 5l bogduw pl s 4o
S Ol b le adly oo Sle s 2l g (aie
Sheslawl (VHawil oo bgiuw 3l @8gi i 152!
Al oo gated Cblis aliwy S olgin el (o
00 £ 5 g (655l sl 31 5o 5
oo ples slale b sl adyl Sl
VAA. gVAY. das 4 bge a5 ooy oollal i
a3 bl 5o g ples (udylo )b gl (6l adlise
a8 513 ooliiul 390 5 Sy ogesl adgi 4 191

ol Calem ln lakws G pled Gle
52 N g gy daals G I gy a5 Bl e
Sl 53 o le 5 w35 oo g8 oaiSosliul
JeSele 0 S5 a4 a5 wib e D oadl> 6l
2 oodle O Manle oo oS Gl G g bgiw
Jh 425 e SR Sl i & Lo ln &5 SaS

AANO

doddo =
ad Ll ol 5l G Slaisle @ole>
Fbos Sy il 4 e Jol) @ g a5
aw Szl oI55 wes o olis Oldlas s 5
S e ol s K00 mlio 5l iy plp 20 L
cEle Conn jo ah Soles slaws L())aigd ge
5 e g Sye d e &5 aidliee 3bj b Slo g
(Slile Solg> 10 00,8 o soils o glas
oy @ole e (3L (FFH) 'elas )l 5l bgiw
AV)o,ls caio ol jo wolg> gl plo b anslis
] (i 5 a5 05 J ) )51 g
S e sl ol Sl e | 52 olsie
WS aws o (New! zihe Jlasle slaos
5 oSl Cao o Olali slawd oy yiion glay )l 5l bgas
Sk cllags olosle s gl (Fowl ails 1) 5l
S PFFe e e sl o dll 2 VYA L o
D)l ools Caws 3l 1y g5 ol 8L£:.';)| BURR TR
Gdls o YV Jlo o slesle ool (5,155 3 (7
ol guheo YVF 890 g S o oubis YIVA 5 oo
BT RVARCE RN {1y IR S0 SOV (g R RS PR
Syzgr ol cnl bl ook slaanie 5 goladl
O U SV P S ES W& JUI PP IRVERRVY [
oo YL 5o el laz sl js 10 a0 9 S e Lol
aS caolylo 1) e g Syo YYVF Jade leisle Cais
UXNA) Jado b glis | 5l bgiw ) Lol g oo cle
OSHA jlojlu Loy 48,5 & a0 (om0 bl o0
sy ol LYY as ol eols plas YeVA Lo o
ol a4 Sl ooy e g cle 4 by o pogax
2 e o e 3 SN S 050 B 5 Sl @
aS aiS oo lo TOSHA ol 009 jlu 5 el iso
S8 e 5o s lailbisl ads o jle § CSle Caco
S5 ol G age lizmen glisyl 5l Lgis (Voo
bl (Madb oo YN LB Yo Jlo 515
oals sl olpl o YV Jlo o gile asllas

1. Falls From Height (FFH)
2. Occupational Safety and Health Administration

11€eP  oGus) /1 o)ladd /1€ sda )5 (ianl g Cublagy aslilnd


https://journals.tums.ac.ir/jhsw/article-1-6914-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-27 |

3 bgiw 3l A0 e Glaasly egas 0 3s>ge
J‘f‘ﬁ »® edadlos 6‘)" gs“‘“"‘ 6L‘°u-’)l-‘° f‘)‘b 9 aLcu)‘
25 ploil bogis

Mgy =

S O Sl (o) p s FL
loygise 5 llall e SN S WSl Vs
Web of Science Direct :Jols 5o
Google Scholar Scopus Wily Science
als olds s, plxil Springer PubMed.
ol Lol iy SO sloolSsly (sl oot Sl
Full body harness. Fall Arrest Systems. Industrial”
Harness. Harness ergonomic. Design procedures
Harness. Standard for harness. fall protection.
SlelS les Jolae a5 004 PPE work at height
285 Slplosls ool jo 5 (o)l 0L 5o ks
3,5 gz 5 el S3 YL

L EndNote ,l38ls 5 4 oo (5,5lae> slaools
Gl s B g5 SYlie 5 00 3yls AX 15
Yo b, wiled b Vs a5l (glallie aS!
ol Vi Lo andllae B allie (] 1o 05 oy 2 33
Yl ot OYlae gwyp 5l e bl oo 00l
bl 29 8L SVl s 0l Bdo (5SS
ol B3 B a8 sy 090 005 g e
JoB e &5 (Vs Grizmen ] Sy dllis 5§
oo a5 (Yl (e 1030 ,5 Bd> 09w s [0 Ll
Wag asbls B 5 58S 5 g o Ll LIS
laaslllas 4y (ol i (gl W3S 18 (o) 2 350
Ozt 28,5 oolatul Excel I3l 5 5l oy 9550
9 Bz by (Gt DA (ot £9bge ogas 50
OYlae 4> )Ll 0. 285 O jao (guis s (s
28,8 18 5l 5 sy i a5 el e
oolainl (0,8 3l B asuss daols zlsul glaies
g5 (it b b 5l Sl (gl o is S

1P olus) /1 s)laid /11€ sda (5 (iag) g Caiblagy aslibod

ohBas g $5)bs (W

HSS) "ijle Gola ol plse cod 500
P (Belai Slog i el (Guglie Cod a5 300 392
il oo By yme oyl 5l S5 slog 5 g < Oliasl sl
5 Gadws tgge Ol il 5,50 40 loie Seddon
L Sae GYsb Gda wlad oo hnogi 1) il SO
Gals g laly )5 93 oD gz el Wlgoe e
2 odls lajlad ogl (A8 a4y ATy 3 ol
oo glaaty 5 L2L Oy ozl slas 9 5 ol y4
Jelgs S PLST s 1y o) 095 05 Wlsiee
o 4 (S wiile Guijle Gl 5l 2l K0
o] Sads ol @5 omae SIS (S o
e Sl aslgs e 0y (g I s9neS L 5
asle Sl slaplail 4 sl (S a5 il asils
oLKes ¢ Lanfranconi.(\V) wilwp cowl laads
oo b Gl 5l e adBo sz 3,6 aS wisls L
My Bl g HemuliinS| gop ol Sow
Sl (Shy g lpmle (b @ azg g oy n 1Y
Ol e sl g SSle LS Gl o Ll eslinul
ol g (G2l elet o le )3 (56 995
Ol b asles solazwl o s )l 51 Cooglin g0y 5 00503
S5 D s gz S0l 9 b e 9 S e 5l 455
e sahb b el slagsyle (b oges
ol ymals Sawo Jlom a ) 0,ls0 cpl @ Ml s
gl cod i, 5l Lol e leg s (V) !
o)l B legy e iyle gy i
Dgd on 0ol [0 SMasl by uijle 5l L5U Gudes
Gl Wlgi oo Gxie puijle Sl ol Gl
(HHS) o jlo Gale oS ail anils anligsl
Oee b yudylo 5l oolanul pSa jo oS a5 conl (5,
Sl g el pas Djgo 0 a5 Wl sgmg ol
4 020 S pdil ciS p Sling)l pliwl & 2
B9 S yo &y yamie WS o0
Sl ) 658im ;o u)le Cuenl 4 az g b
3 iBg5 it ol izl 5 (So e @ Loz

1. Harness suspension stress.

ANG


https://journals.tums.ac.ir/jhsw/article-1-6914-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-27 |

-gla3) 13 )5 esl pui)le (alb GaSlalwaw W)y

5o dlie YV olaws a5 cuwl ooy allie Vo) [4Sde
O N0 5 B |4 Wlongy il cale sla oL
Bis alie Baa b gkl flae bl alas YY
OS¢ 048> wlul p SYEe b3yl (gom d> e 50l
L)l ol canlie 00 allie V4 dl>y0 ol o 4
aS wile Bl dllie VY colys jo.auxalas s o0 allas
pas Jdo 4 dlis Ve aS g asdlas Bua b celi
)90 VT Cules o9 wiad Bd> JolS (e 4y (o yiwd
5o Yl Clsail anlyd asdls .cd )8 1,8 JolS gy

Lol oals 1Y S

adlllaos o ulol o Yo 2565
WS 1R owyp 99 aslllas Gl o oS SV
YO USKE 0 a5 Wao S G0k pend edS wlal
CYlas mje8 A JS0 ol o el eals soly ol
ol (b pgaz 0 19iS e oy p )50
s ol lis by el oals asls L@,ﬂ udss &l 31 g

Ll 0030 )5 aloxl ogaz cpl jo

£ 51 ol slontaly 5

Sladlas wo o Ve glas |51 gled sloanly g <l )il
Y oo)led Joam jo awo e JSad 1) ead olsal
Il g glas )l 5l Gudad 4 bgy o ldlas 51 lasds
wadllas Jlo cwyp a0 ol ;o aS Col 00u,5 !l )]
WALS S il oyl slass (Baiss Bus sl S
W2lop (Balas Jood o (s @) (el S
] 00

doys YV as ol lid ead plxl lo g,y
3G sl pgas 0 oul slul Slalllas
Bax Sldlhs 5> g 009 sl Jlo 00 4y bogyye glas )|
slaypas o Slllas (ol den izes aidlise
30y 3l Sldllas pl seled o el ool alowl aid iy
OB A 8 b olass. el ouls oolaiwl 8 0 g o) i
ok 50 g Sl o3g Ha5 00 5 Sldllas ples o

AAY

Sl s, eobisy) 950 laols jlacsl Jlo caslas
Sy 0dd (5,900,5 anlllas bl g b coliiwls yge
G S 5l DY coa S yromiw sl opl 2 ogdle
25,5 eolawl The Joanna Briggs Institute(JBI)
o W S Sl SVl 4 2555l g @
‘)’?‘ Jelé J':L.“ ‘”‘-)aébi) 'DL;" ‘H)‘z). " ‘HA.L"" Q)e"o 4)0
o 4 (V)05 (5l e 2 9590 SVlio CadeS”
lie 593 )15 jolaie 44 55 PRISMA g 5l & 590
65300 W o) Sz S ol g, oyl s ool
oor bl 0 68 JSSon o rosi 9 ad sl
29 M85 18wy p 0y Sl de SVl anlllas 4
DA (G0 e (3850 BUD (Gt Ea0g0 (]
Gl sloasly Jolis Lol jise g0 4 @¥s lazyl jo
slp gl sl (b g el )| 5l bgdas 5 AL
@ g N (G e bgis ol 5o bl
Goles Sl g iyl b Oldlas gl 2! e
Oete dw 5o udle b aey ool asls,, Lyl
9 09 9 8 0lP amiz) i (S5 5es b Sy
o (>l 5 (6 Ragg ] oSS s o3l Jass

0,8

o> 9999 sl jleo
SIpl g gla)l o 5 sl i)l (2l cl oog
Sl jlas laie 4 el 009y bgiw sl golas 1 iU
S50 (ogs ead S 0ulS> b lgxe o 5 00gs Budas
@ by @By oy 4 a8 SVl g wal a8 S
aslds LS cuils elas! o e g glas )l 5l bgauw
sl b o o i SYe adS adlas cpl o 050l

W8S 13 wyp Syee YTV LY e

basl, =

wole Sl oll ) oas il s cYlie JS sl

11€eP  oGus) /1 o)ladd /1€ sda )5 (ianl g Cublagy aslilnd


https://journals.tums.ac.ir/jhsw/article-1-6914-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-27 |

ohBes g 5)bs (wos

feole skall jleas cdl WYl S

Ve

|
s }
|
|

o i (51,55 Ylie
Yy

OA..S.> wLA‘ » Yo lel;))‘

oy

VoS olul pr oYlie Bi>

Yy

A (o pis L)"L““‘)" B>
Vo JolS e

[ i JelS e b Wlie 3|

Ve (oo 2l 35l (sl M) S

135S G ol Gl WYl

33 9 10

J 9
Pl
:) 3
Ly 7
3 ’
(3 .
2 3 y
’ 2o 3
tevvreedhecernee g aeeeeee greeeeen qreeeneees greeeeeee JRRIR SRR i i 3
O E N E R 0 g !
0
C)w a)S LuLwJ labls Ay sibsj) UJ) L(i},gl bl Ly J:'.j)—,’
B jsus 3 1 2 1 1 1 1 9 1 2 1
)9'“‘5 S ()R 0)9R oY é.:)y Y Ji,u
1€k plws) /1 o)laid /1€ sla (5 ¢hoyl g Cubblagy aslilos AR


https://journals.tums.ac.ir/jhsw/article-1-6914-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-27 |

- gl83)1 )3 )5 (iagl pudyle (sl Sx3laTum (w)p

PRVSL IR NIV TR P
b)le 4 bgpe Sladllae ;5 a5 (6)l50 51 (S
SlAl ol 0,5 g0 5,8 azgi 0,90 o Galad DI
B ol G5 ey S buy gxio slagu)le
Aoy WWogd oo oolatwl i gleazle oI5
Szl 1,55 s sanses i ol 8l Ye ws o
ap Jlo Ky JBlas b 5. (Y5 Y0 VY YY) wnil e
O SO oy el )l 5l bedw sl iyl 5l oolaul
olgss 1) SbBdl cpl Jdo (YY)l asls Slasle
e g ol oo (o b )le og 0,5 cde @
boiw Jas 60 10 ins Slisle 515 5 cadls
B 225 kb L5 Gl rwizmen Wl 18 elis )l
I, pRislesl )15 Lo byl 1 wilazisls yuidy)la b
Ssop 28l 5 e 4 piog ud)le sl skl o

Sl oo
) Sy Al Sllllas o olas loy (IS sk
4 e (pl laalllae ga )3 wleioe JLis |, (col>
Ol 5l G Sl (S (97 Sy oo AdBS Pl e
Sy 0 4y pdl ciS p (Sjelen s I ol
Gl ley ae YoV Jlo ;o BEVERLY allae .sles
(YA 88 Ll j0 addo £ sgum |, &S > g
yob 4 sdad Jozd Loy YT Jl ,0 Hsiao aslllae
adlas j0 (TV)oged (5 puSojlail aido Y4,) lawgio
YAMY 2OV F)ogas Sowe 4 Buded s SO 50 K00
Adiseshallie jo (VH)asls JI 3w,y 5,50 1y 01,80
S8 Chge ado 0N e a Gl Yo NY e o
ol oBas &S0 5w (6,50 adllas jo (V)
adS o (V)wio,S 4z |y dado Ve /e £ (VIF)Gude
aadofe JIYe sgo a3\l o gley ley OVl
ol e s ol S el S 4z BT il ooy
5 SN Candy 4y oS il anslai ) e3Y Josd Gl

AAQ

A 5o .l 009 b 5l i ol e dlass Slallas
Jlo B0 3 eauSeS b ol Bl s gy OYe do o
oaiS &S % ol 81 s Y¥lEe oy Ae o g .ol 00y
Gl Joow loy alis aiil oo Sloisle oI55
oad 48,8 i o Cele K o Sldllas o 5
oon 4 Sllllas ool o aid; IS siglgaie yo el
el ool 1 5y 559093 58 (6l it AlSre e
03ld mrdgs ogas (nl 3 Jake job 4 pj 0 a5
(odss ley coanS S Ll ol 8l sl g Canis x ol
ALY oyleds Jgaz j0 aS cunl So5eg 18 (sl o
o ) =
oS CS i o8 olue g Coni

5 05 o ool aS whals las Sldlas el
e O sz )l o Gelad Jexd plp 0 0y
Sz oo Lz YOV JLo o Hsiao gliass
axllas .(Y1)3,l0 uiylo o s Jozss ylo) 0 (5,50
5L (So5d oyl 6l Y414 Lo s BEVERLY
Ol 50 4 Cal ABlo g Oye g ) e 90 4 wyle
Turner asllas ;o (YY)l 00g a5 1 0,81 slaws
slasy el plad i yle Gudas Sl 31 pwy oS
6t gep W8S 5 (o p y90 30 9 05 B
5.7 ais eols lias ey oz lo) 5 G
505 & M 3 ol )Ken 9 Lanfranconi aslas
©olasxi g W50y 00,50 ay i | i ylo 5l oolawl a5 0 40
Cimes (VHaias bl uiyla 5l glad > ol IS
3 adllas ol Y-VY Jlo o Stewart aslle. o
(00) 23S 3 (gmyp 090 050 9 05 85 FY ggome
2 Gyl Gz b 00ls lis Olalllas ol colad o
S Jelge a4 gdxs oblgio o e Jeow ol

il ks oo 5o

11€eP  oGus) /1 o)ladd /1€ sda )5 (ianl g Cublagy aslilnd


https://journals.tums.ac.ir/jhsw/article-1-6914-en.html

ohBes g 5)bs (wos

A9Qe

A a gy sorwouoSrg BlanhEl o {9 o
-4 parddy A3 \% EYS PP o € Lo o crry € [Pree e e <P
P99 974 g ¥ 69 foin ol oo grrvo of (5™
uNmmlmJ Lausnany
-4 u "ed K3oj01q QUIdIPaW o Bt g (o0 o™ 6 g 566
oourIUR opmne y3iyg -4 4 A vl . L ogfe o P .
€D el qf o E [ 7 o7
oo Sl o K gy o
Cod LoF
u . gt ot (SYIND
_ : Nosad o~ P—
v odoueIjue] AL-A A3oo1q dutorpaur ) AR ¥ vA - A i e oeé0 €3 GHH AT
spmne ysig AIVA i g 56D oo 549 Gy IN €19 = ¥
e 5
Irife 5557 @5 SO HL e o b
= ( 4 - .
4 Aproneg 40-A SISOy L (qud A b b Ayl acE =R 9= g 967 #9570 et e
R e ed s g e B 6 kot <
<4 xew {OA Ao eoqd 700 o i ol
mife $55 K
A OBISH it . o8 97 ofc
- : Ab-A . - B B P .
$I0108} UBWINE A M A oo € b s g 00 AR 6 q4F0 o K D ace{” M
oo e 600 s g 5o 3
SuaISAH p) 3
i oL Verd cwwﬂwmﬁwmmwww -4 YU L REN LA FHa (A poef o7 | GRS € gre 3
Jo [eumor © e vl gogre | KT enHa | F A7 et @ o0 o7 e =
o (4L F
[TAT S oo ore
-\ vIpueg RI SotUEoaLOLY o € g L o 7 .l
vAml £ 40 o€ & D o |

[edtuly R
2 ey 6 peo -
TR qH D (ool o™ &

eeeje jg€je

Corm & emreo (60

11€eP plams) /1 o)ladds /11€ s)a (5 (i

<of oy g e L € B o (| 3

[ £2-90-920z uo JrJeswnysfeuinol woly papeojumoq ]


https://journals.tums.ac.ir/jhsw/article-1-6914-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-27 |

-gla3) 13 )5 esl pui)le (alb GaSlalwaw W)y

(o902 s oo 1) e SSL 281 L Ssiales
Adisesh alae. (V) sols slas |, 85 Sblug
50 slools d ols lis gl aadllas i V-V Y Jlo o
8l gl lagyle o Bl ooSw sl 350
39 Geles 56 Lanfranconi asllas .(Y8)cewl oais
P09 Sy b uSB hass p ], Gl
Suaglio 3903 Gl g 0903 (o) 2 (SLwdsS (155055
Glls aS 598 oo ol (01,8l o HHS il jo i
ot B 5 (geits oSIB, Gl 5l 7S Sl
5 5l oS, sl Jols o el el s
S g el Sl @l (T )358 00 (B950 (8
A (5,990 soa l colaiu] s a5 was o ylid
s o s (slalisda LB aalS (oS s
o pi)lo 0 sogiss ) e 5l b 1) .ol o 5las]
6928 8y &ly o Wgd sl (b liabl 6l
QS ookl 895 o3l b canlite (gosn Lud,la
55 a8 Belat S ol S
o pled slagle Jood g eolitul (IS ok
@ e GYsb Soe gl ile Galss e Ol
Slhlsl g anlisgb elust g 00 ( ol Ll sl
ity ool Gl b 53 & ilej a5 lls 5 oo
> o a8 Gl Lol o las ol 81 oo 3 (6,80 il o
3l 0,8 2 Gelss 51 s8U laps 5955 o0 )8 Beles
30 Sld 05008 abl ouniS ogdll Cawl Sew 0o
O Ol yo (2 ole Sl eslinal wlilas 360
3 0ad 3ly a8 plgiee o) ek &S L
o Ll (HHS) ks wsSiw Slsie 4 45 ulas >
Wl oo camlin (s Ll 18 g (uijle )0 (Sl 090

Lgiw jl cblix loyuiylo s jludigs 5 )b
byt 5l cblix> glaw)lo gilwane 5 >k
Sgd oo Jolis |y 0592 (nl )3 civiie Slalllas w3 Ve
4> 350 S e Ojgeay Slalllae ol j0 a5 (60)lse
i) (BT 900 sloyuiie 1 Jell wilaid 3 I8

AQ

Ly 39 o3l (5 55 0 Jas o 331 (o3 Uy
5 ol,8l pl ol el Woged S5y Liolesl ciole))!
£330 (pl .l 00g.5 o cxe (5 Lol Ll 5l lallas
@bz ol Bl S0y a8 5 com oUlgr ol 8l glas 4y

o5l o, Ll

Sl b slopiio
8 S Gala Glyie 4 & (el BelsS e
Slml el Glea b 25 G 59,0 950 08l
@ gl Sl g odalye Gules cll> 4y 60,8 5T 0uled oo
S cnl o Sgdin oS s 98 wihy 3l
Db (oS gt )2 05 (2lom ol (09 5L Sl
@byl (sl jocwl saniS osilly job 4 a5
Gy Stk el (oo, ol b s 5l
O3] (bl 2alS bl o0 9 ielS g
Syei Olo Olgee Wojls 092y (2 5l LS (s5he
S (Sl Slayeiio » S5 sk Sl
(b ol mhe Jols Wi e o5 sl S
5 =S| cdile Spils 5 Sgtcn o5 ,LiS
P35 ABbos S 6ol g melSsen (ST
el odls aiB s gy imme &g plaS o 4y lalSlas
eyt pshiie 4 Y14 Jls ;o BEVERLY (olél allie
ey oSl 5l e Gelah (S5 eyl
03 (LU e el el waw 9> Sl Ll
3 e S0 4 SeS sl (BT g slas Soslwl
ookl oy Jol5 uiylo S5y &S o o Bl D
> a pujle bog0,8 28y ol lid g ooged
Sl o (sromts S 51 Sy e il o0y el
o Yoo A Jlo o Turner  asdlas .oi o cwguusco
9 Wilbge Sl (Sufsls 8 Slo petie ;5 Dl ks D9
(THX,S oo |, slaaBo e sla gdas ol 81 517AD
syl 5o o) Kea 5 Lanfranconi aslae o
=Sy mslSgen ST obale i (Sge 8
Hoasesyh oz L b gposlil GrslSsen
5 Sl 55 ,Lis aSwias HHS les L& F4

11€eP  oGus) /1 o)ladd /1€ sda )5 (ianl g Cublagy aslilnd


https://journals.tums.ac.ir/jhsw/article-1-6914-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-27 |

& 650 ladllhae izren (Y78 S 18 (ow)p
Soge YOV Jlo yo Hsiao  Sladow o lawss
ol y5b p JBee poie Olgim | Somizr <85
Jozd Oy o)l g celite 9 o SO
03 VW gope Ve slas Conl aid 57 )15 )0 Gl s
adlas jo ysmen (VV)oges oolaiwl 095 axdllas yo
@ g8 Sy o VooV Jlo jo Hsiao 5l 6 50
ohle glaan pela LB esgaze b3l 5 (o)
5 b sl oy s 0y oz 93 ol o &S eSly
Jle jo ladlas ;o (V) 0ged colaiwl oo ojladl
o) s Job 9w ojlal wledass jslaie 4y V- -4
&8lg 0wl oolatul 5,6 YOA g () YEY olows 5l oS
Seregg sl bl Colis 4y azgs 5 aslllas ol yo
(7Y Casloas a3 )3 L 0 55 Jeame >Lb o
b @ly YY Jls o niosh anuge aslllae
oges abold poni g o1 (Sbli> slaliSle
03 SN g0y S 5l 5 (gladlore slaojle s
olias YoV Jlo ;o Hsiao asdllas .(VYY)ads colazuwl
el ol @ o) Sleisle ST g 050 95 4
G Glasdllas ;o (VD) dg0s Sl sl i)l
wegas ;0 VY Jls o niosh awwge lawgs oS
O3l S Bl Jore 0 opiie wix (b
Ol oy A g 00 AFY asdlae (pl o el aSlsy,
sy & a5 Angles aslllas .(7Y) wals Cbasl las
5o 10 A olaws aislo y b i )la o eolanwl co il
ARTEAU  asllas ;o (TV)wl o0ls 1,8 545 dalllas
@ on o5 esle Sl jslaie 4 YA Lo o
Sl ade cSls oy o b s jle 2ol g sl
Jodo 4 yo5de aalllae yo lagijla b (o) 5o Lagy;
5 - (THaSbos (35 iz 4 sl Glo)b 4z g5 pue
G5 Gy o ST as il wigSol 5l ede e o
Lol oz 10,0 gl )l yo IS g 5le g el sy
G @l ooy o (L) Sy spa> Lol
pe2ls Sle g Cole Cans )3 () fiinn jpam wals
oyl alez 3l (60,8 cblax cawlio Sljpas 1A 0y

1P olus) /1 s)laid /11€ sda (5 (iag) g Caiblagy aslibod

ohBas g $5)bs (W

i by (0aiiS IS 38 ol Bl il g (339 9 98 el
5 Glo aeed 5l ooliiul s tegs 8l o (09))
coolis ] bgaw alols D ail>) gl sla,lxe
Jeloe 12 dan a5 sl 009y (Liomiw Cud g iyl
> il piile (b jo S 56 g ke
Jsoz o lagyle (b (o> 58 oad plol Slallla
Gy » Slllas 0o, YV,YO .conl oo S5 Y o,les
o Oldlas woys Fr g0 g cewl 48 )F O yg0 old
Ol 5l mizmen g Sl ol gl (loye 5 0L (s,
509y leiSl 1 T s 5 1aST e lo o g 5 olows
ol 5ol sais solaiwl )l 5l addllae SO o s
sl 5 aslidny 5l gl 5 g, 5o Slalllas
sl 003,35 oolill (gun dus (5 egyg il g (S

sl o ool 438 iy (6l S 0 lalllas ST

Sress il 5 SSse0 slo S
b ot 3 e Sl 5 bl 5 S
@ azg 608 Cbli> hley Gezes 5 Jpaxe
A3b oo caSoolaiul  Comez (5 egg,l ol
Szl slul jo Sold wazxgs BB 3lee 51 (S
Sype Jyame (b 3 a5 il Gl s b
Old e dlaswd (Dldllas o y0 e 0 0.5 o 413 axgi
plosl ol Judo a5 canlongy b5 5l in sasSes 5
ol Gl iyl bl g elas )| o IS slacldled ST
el cpl B85 Sl 50 W sl (o plope b
Slass 03950l 75 (Byb 5l bl e silare Slalllas s
VO adlioe bl 4 gy b leliw iz o oL
ool a3 )F olol U5 g o (59, Dldlas ws )
9y kad ae, 0 VYO 5 U g9, badd s, PIVO
o Oldlas ao )5 Y)Y 050> 5.l 485 & g0 040
Jle ,o Hsiao aslas .ol a3 5 & a0 Sl (g9,
5 boiw )lo 6 u50jlnl )0 340 jolaie 4y V-4
S o8 ol bl sy e sk clerks

Sy90 3y VoA g g3 VoA aS ols plodil o e oo 9 )15

AQP


https://journals.tums.ac.ir/jhsw/article-1-6914-en.html

()]

(&N

gl83)1 )3 )5 gl pui)ls (shyb

-9 OeISH UeWNH (-0 A4 YOA S50 s e Qe e oS e of | FQ gy g
soru
ouo31g
pue e |
_ ! _ o i -
4 sk 1ednoso e+ o o
zozseq J0 o que o
retmor 9 e ¢ K b € ofe
euol
MEE& 5 5 Hgq 9P ~qers srrve o
Ff? 0560 0T 6T €
o9 o DINT
=4 ot St TS S RN Mﬂ“ﬂ | ey S
Ve ouoS1g c o T corrrml of doy @9 qf|< i
eydolg porddy QS @ ElGlesall
. [
- )
H Sotw . e o € Qe K19 <7 o 0 g6°) o
A OBISH ouo3rg Ve 4 AA MWH %0 o o0 TR 2 e e v wee o <
T e fems
i STe @ 6 R 500 € em@ o0
M vl oy P e o
B . ([ " g 0 o iy G G o
' uoqqp Jo s3ur M - Qe @D &0 H.HJJM \M% s wu 3&«5 ¢
Pas00I] ey 405 5720 @i €7 o oo 0 40
soovee

g6y

G5

(ayy)

<o g HHg fe < € A (D 0 @ § e ) <aep | v

11€eP  oGus) /1 o)ladd /1€ sda )5 (ianl g Cublagy aslilnd

AR

[ £2-90-920z uo JrJeswnysfeuinol woly papeojumoq ]


https://journals.tums.ac.ir/jhsw/article-1-6914-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-27 |

Cawsgy dus 3,0 12 51 YVY Jlo ,o Angles aslllas
ATV) ! 00g0d oolaw! ud,lo oolaiwl culild 41y
e 5 slaoylelyo L9 (S aiges sl Sy
Ol 1) Sl 0550 Cumaz 5l (gl diges I Jol>
g LSl Craad Criomad § Aiges 0505] yaad ol
@ Sldlas 51 S yo Ll ol oo 015 5 iz s
adlaio QT Sy S agg il olal 05 )57 oSl Lo
cllad ddlaie o] jo ol Sy ks g wilbe B
5 leioe Sudlad 5 )15 (S alizie lasly o5
Wi oo lo (b sl alisie laolys (285 L

il 008 a8 oy

450

998 & lgiee o>l o 5,56 S sl )
asYL ol el gla >l )0 3g0d oLl ol 481 54
b (ogas 50 0,5 oo )8 4z 5 3,50 4 b
slo 5o £33 Glp oleme Glsin 039 9 o8 WPPE
ol oldlas 55 il ok jo 00l oo colaiul
PR Ty PP VS CRN PERTRR St IS PRPIRE IPLER I K
s o 98 g 0j9 dlbiee i)l ple o atws
oLl s o 1y Gudyle-as slalal, ol sus b
@ o9 g @ S So Oy g a3 e sy
Lol p o aads Glgre 4 Ay 39 5l eolaiwl 48,0
el oS5 599 9 O Ojy 3 bbbyl sl
ceolive o3lail 1y yige J0 Sy 4 diged S Dgud sl
Y-V Jlo jo Hsiao  Slados pud 09 (goi dab
SR8 o (s 3l Srema sl Slas pSeslal s
50 A8 (s i ol lad pwyp gl oged colaiul
ol byl s (Sen ui)la ojlail cillae
Ol b o gy 4l 4 az gl b il Golad Joos
Loyl o157 oyl caie Sor Gudad oo
S S Gelss Joos oy (2 Sl S s (39
(TV)aS a2 1,

1P olus) /1 s)laid /11€ sda (5 (iag) g Caiblagy aslibod

ohBas g $5)bs (W
Sl oo b ;2 30 05 g () ez et
5o sl il 5 g ) 0 S ol Gglay 4y oLl
2 06 hpax SGl s 4 sl gl (b
Cowl a8l ol asds @ e 6,5 slalae
sl e wlio o U Gl sus ladas 4
el jo b)) il g jea> uoed Cwwl 00so 5
ol Oldes cglas )| o )15 g 5l Cl Cain i
S5 4 QU5 5L W el oy S ey 5l G L83
Sy ar |y plelb azgs 5 ons 5 938l (69,8 cbla>

A3 oo ool o lose LS ol b5 Sas ol

ol

5o ols @glay o,ls 0g2g alSre slaoli Lis o
il g Ol an Sl 5 08 5 Cegy S,
Syl Al (e gyl slal el slaoli 1A
St 5oz 5 ol Sl ol 5o o b
S0 Sl SRy 9 LolF owyp W Sl Seal >
3l s Slalllae bl s i 9,90 (b 2 sl o
@lizes ool 5l uile b o Sldllas ws s OO
e Slp ol g0 5l Las dus s YO.30ges ool
Ao, Ve g g azls y udyle 090 caslisin g o5l
318 53 (s 3550 1) 0l S Slallla

Gyl wges o a5 Ve o o gladlas
bl ol i (slaolii b (U5 5 Gl e (golaas
sy Job ekt el 5 %o slaslsi 5 ol
Uinleyl sl lges i (T ol bl s ,la
bl hogi laoly wile (295 e slaogls
sebio a4 Voo Jlu jo lalae jo.(Y)) cnl canlio
@oly 098 Sz 5l ile (b 5o ojlal dnugs
(915 sz alox ) o 5 il ol o
aas VeV Jlo o Hsiao aslas jo (V7)o eolazuwl
o5 g0 5l cdlo iyl ogs bz g 03l o)
ATV 0)0g0d oolawl j0gr s Judo a obew g dutw

AQE


https://journals.tums.ac.ir/jhsw/article-1-6914-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-27 |

- gl83)1 )3 )5 (iagl pudyle (sl Sx3laTum (w)p

o g cEle BI,T5 a5 cl ooy las oS g
2ln e Bile Glaguijla g 698 cbli> hlug
>y ooles! gl o ez aiS e solatul bgduw
o oldlas Cor il S b gl (Y75l
oy s -\ @ 5lo ansl azdls culo, o
ol Yyl 52 2 ln S glaojlal 5 S
o) ojlail axgy -V oo Sl oogasme b i)l
&l abgiye oo lulinl 4 azgi b (uislo (b 5
Wl o pled glagi )l selcnibse (b ol
S gl 3l 595 4 (o5 slaosls 4y (o SeegisS )l g
Oley CidS b ladures (5 k09,00 ol co ol 3
Ll ) gyiie S slagyes o5 ol 31 g0 JolS5
Olis b sl g Sl Cane (8 Soegd 5 Cumi
sleosls 14 aS o 15 laday acals o (g i
by (ools Coeal lapuijla (bl (i 5
RE

S97y hlie slagts; (S bl (5 oslul sl
Slahs) 5 pefiae (Bg) (S Ghg) Jold a5 o)l
il oo pefias 18 slaghy; (BFllegid 5 ()5
aw Ol plea b (BSollagid (B9, le cnl yo &S
Sledbl Wiy oo a5 WIb oo Gl ) s
G dw ALkl Logas 1) onij)l (5 g 2l
) Lo e 8 b sl o bl Slyges
el o 5l (50 A Sl 3] lalllne s
ookl g 1,5 ol Judo a5 wisges eolaiwl uiyla
Ailge S5 |

5 swyp o9y Slp Yoo Jlo ,o Hsiao aslas
3 sl sl SuSS 5l eolawl b ol (6,50 lail g,
Sz S35 15 Sk s Olgie 4 cdle VA (i o5
0 OV B B %) B PRWIUWIRR VY R ST PR CSL SUA S
5 oo boesbiwl cdl> ys pay ples DY Jleoms
(V7)o oolaiwl iyl b sudss cdls g i )la 90
DY Sl 55 Y-Y Jlo Hsiao adlas o pooren
L ooosbaw] cdb yo oS a8 ,8 Glp ], o ples
;o Hsiao aslllas (YY) 0g0d  colazwl ouuiigy (ud,lo

AQo

039 998 (5 Soslail Hsiao adlasY -+ Jlw jo
g ol ploeil i yla G agyg il ol (gl 1) ol 81
alaly o ye 5o w8 L aolal g 59 b ) slasl 9505 (L
Ll eo)ls (93 LL3 )T 039 b ol slal ¢ 5091
O a5 0 ls 0gzg s alal; 08 L A sl (ol
(V)8 oo jlain 1y b5 ly o3l

a8 g oy ol Hlas Yoo Jlo jo ladlas (o
e b g ol o axlis SLlS 5,05 el oo
039 9 9B (THXYls (o5 (Ser uijla o5l
|y il Sl olb s GBS S5,8
addlas .(Msleior oo aily byt (loiny
039 Sewedl ()8 Sl pg 0 YooY Jlo o Hsiao
()l onds a3ls SLlS 5, 6l ooy b
2 N e (Ker Guijle ojll ss b
olagl 0l oo wizlo,y b 4y a5 Slalllas 31 6L
Sz 99 5l el S )18 sy 3590 T 50 (5 R0
S 5L 5l 90l ol ouls oolawl 08 g 59
S 4z Sanilioe puile (b 50 (6 teg gl sla
Sl oBacSady oS wle oo e ARTEAU axlas
05 Sl @l Jlexe Glgie 4 0095 5 059 08
&l ke o powlbie b lse ol Lol oS o oolazul
S5 o0 )18 A BLbl o ila [y aily ges Ll
59% 3 45 s0gee ol la (6,508 e slo)lne
g ol 4 e &5 Wi lajlne G yegs 5| oS
(THX S o0 iylo b ol p)5 (=)

iz slaly,
DY Jlezs 5l o,

S9)0 e gl ,o 15 G lp & le
Al e g el Sl e Basl g b
)5 bl all celie 558 Gl (sosisS )
O lad a0l el bl e SO L
O ably as cal sols Ll Slalllas (Y0)0gd o
Gl 5o iyl s oo b (oo oF gleosls
Fang saslas .(Y1)ss,5 ui)lo o 2b 4 e

11€eP  oGus) /1 o)ladd /1€ sda )5 (ianl g Cublagy aslilnd


https://journals.tums.ac.ir/jhsw/article-1-6914-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-27 |

SilosnS Sa Sus) 5 s dw (Sl sl y5Ld
oS Sl ) sz Glaoly Glsie om a4 S5
aile (pated bbb Dl ojlail aals g ojladl
el 00,5 slml bsiw sl j0 bbb sbo il
Flazs Syse 4 1) woaz sl sladiged b o9z
Sz 9 (o5 Sl 4 e 5 Gl 45 e0gei (L))
205 (o0 2l Jyarme
6ol Sl el o o aw gla Sl
2 o Sleds Wgy (ewyp 9 Sl el o
Oless o) S L oS il 0oges dlom! (60,8 cbla>
b by ol oy e 5 IS wjll b
298 4 0% 5a A Sl 09l (g S sl Dl
O S Sl Sl puled 8 Ghgy o JelS
N ol S 0)5e e b e j5b 4 550
Ol sl S bBoo e gl a4l FeolauS o
ol 0 cwle e Dbl 0ed gum dw
o e odale Gl > 4 08 a5 Jb o
5 Sl slal oIl slp 1 05 (S b
Ol 9 0aS oo Job adBo Vel i CuleST 25
B Sl ()3l S oo olml ol Bl gl 1, STyl
bV s e gl 0,8 S ol o sl DY
S )l (09 el (2l &S 0 W o0 e

DSl oo (355 9 2oy

(el jlo 4y
Lol cudylo oz glag )b o)l » ogdle
acs l eolitul b Sldlle wb uglin wlivles]
Glp Y28 b ol Olyss 0,5 O g0 Sl 5l
Slr Syt Sl 285 &jp0 o ples o )la
Wlgy B ol Blal Jgaze (nl 4 (0955l 9 (el
@l b el 1) i o9 o 5 &,
(TA)2)ls 3925 Jgame (nl (o535 )] (sl B 594l
D9l oo oolaiwl o yudylo yogs digs gl a5 Sliuls

1P olus) /1 s)laid /11€ sda (5 (iag) g Caiblagy aslibod

ohBas g $5)bs (W

oS I jo sl oy IS g ojlasl ledlbl Yoo Lo
L (sl g 5 L) oobinsl 5 (Gui)lo L) wiog: (3lae
O SLomadsS 5 o pled DY (g5 Sl 5l oslia
Seegilil sloailis VA 0ged (g puSoslail ciiw i
o D)3 (8 yegg sl i (6 pSojlal olKiws b
sebio a4 Verl Jlo yo ladlaa (V) 85 I8
T O ool o Jeb g an ojlul wledas
(YY) 903 oolaiwl (gus dw 4l

56 4 aS YY Jlo o Hsiao  Slidos o
o) o baily S sl o A s ples Sl
> o g gole poliwgl s o saSes 5
b gowm a8l piams C30.(TY ol oolaiwl 3las
285 3 Glejl 0j5e ste (oo V4 sllas (1 S0Le
S pV(V0)cwl jsie o Lo P L+ 7 5l as
5 SVl s o dw gl Sl jo Cds aS !
el @Yl (p5d95, 9 wilge 389 Sl )13l Olgns
D05 o0 (6% dw Jow Slo i obul 4y i

sk 2l ke 4 N adllae o
YooV Jlo jo a5 bsaw 5l Ga8gs udylo (6,505l
Lo dw o Sl @ addllae opl jocél el
5 ole poliwgl plSa ;0 S ES b g iyl
P 55 celie Slpatd ConS et Sl eire
(Y V)ods eolaw! 0;\.&»5;«5).«0 d"l""

lrosls as ols 5 138 (Y- Y) o, Ken ¢ Hsiao
coolin uiyle alivs 4y (xS lo gy o o S
S yogug,0] i (sloosls ol 1 ogdle (V) aitus
5 Sl cdilhe Guijle o Gzl b ge @ (e
(Tt sl i lo (b s Joe 3 cnl e
b ly (b Gremy il slaosls ol Jl o
slagwle ol sl wiliges S Sl o)le
Sl o5 slaools 4 eliciise b g sl
@ ahd oo o Oledlbl as kol pl b all oo LS
L S il b glp ol b o akais

Aq¢


https://journals.tums.ac.ir/jhsw/article-1-6914-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-27 |

-gla3) 13 )5 esl pui)le (alb GaSlalwaw W)y

Sl 5o Sl Judos wdlse (oab ol (0l g 2
5 bl oo rlo S 51 b0 o ol el Bl g S
oolaiwl gl Jow 5l wl sl sl uid)le Dlias
@ @) ol o S Sleogas a5 o9
oyl ale> 51 human dummy 45 aole uSaie
0,5 oolaiwl 358 Dldllas jo a5 wil oo b SOl
30 &led S jsb 4 a5 human dummy (| aiJl
g oo oolaiwl Lad 9o g Lowlgr 5,005 (sloasli
Lad 5 Lamlsn 5p095 slagion ,o (sl Sligle]
ol fau a cal 5l ol slo Sasl Jolis
Lolps Jols &5 0 e (silutnd lo giolesl o
s> diges S Hybrid I el Seelus 6,56
aS il oo sle Ll lo Ji3le dgugs g dxwgs
2 bl gl Glagislesl o o soliiul coll
W asboe Lls 1) 28 g cele altre sloaio;
2 b slsks human dummy ;I solaw!
human .s,ls sage o e jo g5lwaccs Sllas
2 Ol &5 S8555 Gleail gw)n o dummy

39550 ) el (Sl sla)l (b2

osojl sloylre an
ol Lgiw alols

Slislejl g owyp 2 & (oo sloon 5 (S
G595 9 331 bsies alold 55, o IS (casl slaslo
ar Sllllae 5o bl Aol @) wdloe Siobes
7y ol Gl cde el 0ogy o VY B Y o 0nls
human a5 aib e Jodo cpl @ boiw gl alols
Ll 5l g o oolatwl Slalllas opl jo a5 dummy
Slels )l o sl gols 518 1 sib go Kiw 559
Lo o @5, %00 3, ablysn Fden VL
sl 00500 puali |y adlllae Bon ilalllas 4o ouid Lo

e=oa! iyl 0, 8LeeY V0 Jlo ,o Hino asllas
Sl po Gopm &5 Geend e 1LY ] bgi alols |,
Oy e andd obnl> 5 e LS D &S

Gy Ozl (6,5 o3l boiw s gl o

AQv

S92 g gl 50 (il Sl Belas > o Sl o
SacKasl (53 1 105 ly 3131 o3 (rripad 5 iloon
b sl el GSesl 005 bl Sludl Lo 4
Slassl> b as asaly laisSy Say olal g 59 bl
S Sope ol Gle b a3 e s e
oo 5l Sldllas do s YYLYO. asil ails s o2
39> ol b Shy Jd o als woges ool
Syge anelx ;0 palxy S bl g (s ol
g Gelss sln ogasie 25Tl Grioren 5 adllla
Slegoge 5l oy BEiole;l bl s slul g ol oo,
g 33l 51 g 0au se oolaiwl Slalllas Ho eS o]
D oo 41,5 SoS Sladllas ol yo
3 el o, 8lee VAT Lo 0 Hino aslas
(V) b 3l gt (V) Comdg aw jo 1, oy plod i)l
a8 008 18 (o) 990 (IS bgdes () 5y 5l Logies
L human dummy Hybrid III 5l sg5 olejl ,o
(TY) Sl 00905 oolaiwl (g YYO 59 L O Sawe
3¢5 dnlllas ;o 55 Y+ Ve Jlo o Baszczynski aslas
SUyhs glooasay ).».sl.s e obudl sl as 5loslaul
boin a8y pllin jo 1, Sl udyle 0 Slas L ol o
e ad 5l s ol ) aSese patine Ll G
0 Sawo wll 5 0,5eLs Hybrid III YAV
Nam asfllas () 0)og05 oolw! i 5 sl S5
I Slokd g9 uile dnwgi jolate 4 YN JLo o
oslazwl (0,5 Seonyu Inc KM-VY. Jow) ,SSle SO
PRIS Y 5 e VAL s (S0l (59 5 08 0l
Y-Ye Jlo ,o Baszczynski aslas (Y1)l oog
IIA sy (Slasl jlos s b iz (9050 45 0052
L old g 9gai solazw! human dummy Hybrid
Slr i o5 slosls bl 5 0SS VAND (55
! (Pl 0l aislo S 0] Comos a0+ Sao
Solite dnal> & ol |) LapySile 08 5 (459 50 glis
Mo ols Comd C8 )8 O jg0 i)l b ol o aS
PSS el 5o SSle olal 5l 0,8 0 SSle ola!

11€eP  oGus) /1 o)ladd /1€ sda )5 (ianl g Cublagy aslilnd


https://journals.tums.ac.ir/jhsw/article-1-6914-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-27 |

SS human dummy (g5, » SOl sle )l
ailgl b B ogd S yo g adlg bl i b oS o
Wl W Jyame ol 655 2 G4 S pre
bsio lag s @ie )0 o Jol5 ila 2L)IS ol
Gl Rl se ]y Caglie (n e oS G 5l (bl &
Aoy & eyl Jlail ogzmi 4y (g0l 0gam b i ls bl
slaws Jlas olowl ¢ i)l b 5l as o)ls S
ol 4 el Slows 4 0l a5 cl glaoslal
s M ool 5 JISA 1 Gl i

DAL o

ool 2 bl ogas o sladlas o 0

B el ln Solate slacus ) G Soa
ookl 0,90 s iy, S ek enl oud oolaiul
oile 5l (B (Sl g Jlad g n lp oad
Joolainl b g g jlid jgucw 1 oolawl oy p
Sox oop by oehle eoliial Sl aslii
Ban @ dxgi b plaS o oS ail oo Juwogd Loy
Y19 Jlo o Nam  adlae jo.uilas, |16 asdlas
b o led g 0,0 fals s Sl psls plas sl
e Lawgs 4 Sged oolitiul i JLAS jsain I o
w3 YoV Jle o Angles (F+)os asle s
@lizee Jow £98 w0 oolatul bl ooy jelaie
Slr Grzen 95 ooliiul Fhe whde 5l )le
e LS G ol 5l el jld (65l
ey oo alidee Jow dws )0 g 00903 (g3ll el 1)
o e eelie bls) 5l (So TVl 00503
2 00l5 55 (o) sl 5l (AU (Sl jLid
335 (50 ey L3 Slgie o a5 wllee o e
bole =) oen lr @ e Wlgies s
Sly om ) oS [lid ule o aSs sk il
Jo2d Oloy 9 95800 I Sl (G2l) cage wled
or Slp S Sldllae jo wboe (l33l 058 3alas
o3l JLole drwg 5 wyle y0g cawlie g ol

1P olus) /1 s)laid /11€ sda (5 (iag) g Caiblagy aslibod

Uizt sl fhi 0,50 slocs

ohBas g $5)bs (W

Sl 2Sla g e ey b (SBp sleg s 9 005 A0
KU DRWIPINC 251K oW
oolawl L YeV+ Jlo o Baszczynski aslas
syl o)l So Ly le alitie sldus
S kil B SEs o bdand L35 o SeilSo
human ,. b 5 Sl 0,5 Glbl o ails sleas
Jsb 53 yo 43 (D 4il>) JU i JLasl 40,5 dummy
Sl s Ll bgiw alold g0l aslllas |, bgiw
Looods &l anlllas als az8 F b o e VY SSLe
Slesylo L3, 50 1) G sleosssy (esiae ol
odsay cpl .(V0)als ylid badw a8y allin ol
SYlail yomen g aill oo 4 by, Loes
039 o pled slo iyl iy 5 (ks e plosel
drwy  ekaie 4 YoV Jlu o Nam asdlas ol
53 oSl slp slazb cex b lekd g o
oolws! cdl> o= ,o human dummy 4 ey,
back-loaded. and front-loaded 4 loaded
Hlad g dandllas ol Ban aS olxl 5l 85 18
o3 bgaw alold 5l cusl 0ogr (o 4 ud,lo 5l 0o )lg
5 Goley Sl 0 09 0 e 4z )T el 00505 oola]
3 asllan 55 2005 o ol ISl ¢ alols L
b8 5ol Sy sl (S Joboo £F) L3 gt
G rSoilail S sla lid mSlas 5 Sl .o colazwl
V a oljl bgiw alols Baszezynski aslas .(f)ad
el SEe slayally g cl a5 S s e
Al g ShEd gt poly Sbagys e LS
Oobw] dopad so50e lmlr g sl 2855 5950
(S amho G dygly Sl (Sl (65, bsie
G allin ;o ouls cdslive soges ¢ SSLu
3 (FHas guSoslal uw ol wSlas g bgduw
Hsbie 4 00l (5,50 3ll sl el )b ouls S Slalas
15 el oo i )la jo oo sloml Ol sy iy Sy
Sleioo by 53500 i p iyl o5 (63,8 &5 Lo
2 @lad g ol g g wle 5o Golos Sl g
SrSojlail 05 F o o)lg 03 oy Gl slocand

A9QA


https://journals.tums.ac.ir/jhsw/article-1-6914-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-27 |

- gl83)1 )3 )5 (iagl pudyle (sl Sx3laTum (w)p

oo S o b oile 5l (A6 (SeilSogen b
e S 5 o dinge 5,53, b oo Ol
el g ey il ol 4y azgi o b dge Lulyb 5o
2 os)ly Jlad pals LS jo o3l i culd, g 6l

55 e o

D 4il>
Lo)le &2y 5 cmls sl il sl )lns
S8 doe o e 5l (S o5 010 9525 o
5 bz &S je o LD adls wil o D ails
0,8 1 0,5 1,8 el ooliwg] 0,8 s> jo SlBgd
oS Slllas als aaly ansls 1, ool el o
dil> 4y Sl o3y Guile (2 9 el ogas 5
aS oyl o sl Yoo Jlo o Hsiao .ailesges azg5 D
ail> (65 slp omle 5l eslitul (Sl 5 sl s
i 0lo e (sl e (b 4 S tde L D
Gl by as e 2 0 el JSaw wlgiy B o9l
Ay oo o YerA ol Kea ¢ Turner (Y7)aas
ol i 68 e Gaile) Plax a4 slp el
=l g cls ol 51 (o Gl 5 (SSlegn
S8 5 SLoS lajre o 1) cde D ddl> 0925 |,
Iy a,le 5 iyl g sl ooling] 4T (60,8 yo xS
Hsiao sliass g dselas o (TV) wilad 3 L jo
3,10 yud o conls sl lro a5 0,Lil 55 Y-VY Lo yo
D dil> 6,518 oo | (so) slojlons cl 51 (S0 5
YooV Jlo yo Hsiao asdlae .(VV)o,ls oo by (i,
b jlore 51 (S Olgim | (st D adl> CuaBge g Jore
Fom oo s olsl G Sl bl (e 1
adl> ol olo a5 jshilen (V))asS o oo 1) bedw
oe (b Sllasde p sosiitae 5l Wiy o D
s oo, 8es 5 (2 Jlre Oy oo Lol sl 2
b Wlgie D ails S a5 Lole pizmen il
Ol 1S ek S 0131 Blas 4yl po wiL l0S
L el Sl (o 358 4250 Vel iy 4
ooliug] I8 £8g.00,5 0,8 4 SlSegu jLid ol 4

A9q

aS 050 )5 eolaiul bdslicas 5l udyle b (ol
o) Sl b (Sow el pogas 1) ol 3 L ) s
Sldllae o (FY 7T VY V2wl ools )13 b v
Slacend (uila (Sl 0 Sles (o) jslite 4 Koo
s | bgi jl iy o Slas gy 5 ales]
ooliinl 5 Juodgl b (i 95 g (i SLD i
olo a5 b slea (FYF) V9 00 AVl snyo S
2 g S o Ghy) o 5l eslitul adlllas ya ) wd

ole el
bli> Jlag g )0l g Sl azye (IS sk
S ol 8l asal fas b caslicte g asil ol (60,8
52 e el S e o o g5 e e
et 9 Bala 0loy 59, p &5 Sewl (63)]90 ale
Sldlas 51 2 0,135 oo Sl Guday 51 30 slaasly
3,90 dslllae duo o Ve alils o Ll dluwe (pl 4 30
olo,b g sl elua! o8l as” ols las gy
olas Seddon axlllas jo .35l b sl 5l solawl yo
el Jds a onigd ialesl o8l 51 sed a7 0ls
plastay 1) Slisle;l (e )le caslive ks pae 31 30
Y-V Jlo ,o Hsiao lawg asllae (FF)aisils,
A Balas Jo Sl 2 505 colin il ol ol
@ o,lsl YoV Jlo o Adisesh alliae .(VV)s 35 o
aS asly Baies wlesl ol,s pre syncope a =
axdllas (V) o0gad o ijla b sl 15l cle
oolatul Luiyla 5l asT Sl ols olas Gibbons
Rl 5wl pae bl olacolh wiiS o
sl sbml wisgas ol 1) v es)ly Jlad Lo
(T0)o0,5 s0 0,8 )b el cazy Odlac o Sl
5 wwyp & Y A Jl 0 ARTEAU adlas o
laslitin py Boyb 5l g Sl p b ylo (o) cnlis
oS 0gei ol 9 310 1B oy p 3j50 |y (2, 5 el
sebie 4 slal 5o (6 mg 0l oolitul 4 5L
JLad @ly 50 (1) edlion winils (F2l) 5 canlis

11€eP  oGus) /1 o)ladd /1€ sda )5 (ianl g Cublagy aslilnd


https://journals.tums.ac.ir/jhsw/article-1-6914-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-27 |

e d9ze ol Gl pley o Siddnsd
SRl Joxd Gl p w3 0jg wle S Sleogas
G 555U Gladdlas g o)l 86 iyl gulas (o
piled sl 00 ST o lal sle e 5l 5L S e
Gelss Joos oy Wil o0 Lo i jlo (6l conlin (il
b ey ;o0 S (i ST S SYeb |,
ples dyle (b 0)ls d92g s la SeagisS )|
L cge 5 0o cans (IS b a4 eio (o
sign S8 5 55 ol gan 2l 5 o)
b iyle g oldl Say olal fu wls a5 gl
5 S50 & Wlgee Sl (nl (gwyn 0l 2929
slagsle (b epa o Glolb S peead
3 rSiny Slap il ogas )3 ounl Slisios

Flas) o Yoz o iyle (b g glis) 5 bgdns
Sliolel g 509965 )] 5 (ol pde 5l oolail ogy walgs>
clis slagmijla (b joliie 4 (35 Lis 5 6513,
eyl o L5 Ollas b agalae jo of 51ol3l eolaul 4
Slrly (g ws Sllllas (nl @S g walss o>
ouny] wladss auley U ayles oo pol,d  csl oladse

s alil o 9,80, b

‘g"é)‘us s

o b Slikns b S glyte 4 Alie ol

Sy S Sby pele oKiils oYYV oo 8
i (Ban g ol ol Jbo el 5 cogad ol

GlFlew oRails (gy5Ls 5 Slidos ciglee

REFERENCES
1. Zhu R, Hu X, Hou J, Li X. Application of machine
learning techniques for predicting the consequences of
construction accidents in China. Process Saf Environ
Prot. 2021;145:293-302.
2. Nadhim EA, Hon C, Xia B, Stewart I, Fang D. Falls from
Height in the Construction Industry: A Critical Review

1P olus) /1 s)laid /11€ sda (5 (iag) g Caiblagy aslibod

ohBas g $5)bs (W

St oy b iyl iy D odals ol
=l bl Wlgn 0,8 6 0,5 18 s SlBgd
R ol Gty Dol canyo (85 )15 a8
1285 bl il e puyle b LIS oo, (gl lne
SeaBge 1A L0)ls 992y Dgls (loye 9 (U (S e
o oS hE als gleass o b ety D oadl>
Sl am dw (Sl g (o b p)le (b b
2ol e Dl (g b 9,S )90 6 eg skl
3,8 ¥Y goomme ;0 V-V Jlu o Stewart asllas
S G99 allul ol og S 95 5o 1) 00 5 5
VIO alols o g ols &8, Lislel jo udyle e
SV Sl e wael o Gl 2 @
3ol b atnis Sl j0 )8 cudles ol oyl
Sl S ey olad 4k pladl 5 IS
Yoo ool sy (V)01 (5 uiyle abes
o) Bala s ) S (5350 5 fr e )8
S5 ol 48801 Gl sa 1) ol cnl JoJo aiS (o0 a5
g a0 ly i S o Sl il play eoliws] IS oS
Wt oS Jo 50 WS oo ot ) i 95 Sg
Sllwg 3l olea! 3l oS oo canis oban] 4 o
WS (o SRS elr Jol g (mdge

GrS A =
oigle b Silitaas oy 41yl dalllae

bt pllin udas 51 20U IS g glas)l o IS o
Slyess g edle Wogad by Oldlae cul azlsy,

of the Scientific Literature. Int ] Environ Res Public
Health. 2016;13(7):638.

3. Lee U-K, Kim J-H, Cho H, Kang K-I. Development of a
mobile safety monitoring system for construction sites.
Autom Constr. 2009;18(3):258-64.

4.  Carrién EA, Saez PI, Pomares JC, Gonzalez A. Average

Force of Deployment and Maximum Arrest Force of

Qoo


https://journals.tums.ac.ir/jhsw/article-1-6914-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-27 |

- gl83)1 )3 )5 (iagl pudyle (sl Sx3laTum (w)p

10.
11.

12.

13.

14.

15.

16.

17.

18.

Energy Absorbers Lanyards. Int ] Environ Res Public
Health. 2020;17(20):7647.

Li E Zeng ], Huang ], Zhang J, Chen Y, Yan H, et al.
Work-related and non-work-related accident fatal falls
in Shanghai and Wuhan, China. Saf Sci. 2019;117:43-8.
Hubei Statistics Bureau ASoWAS (2018). Available
from: http://data.hb.stats.cn/CountyData.
aspx?DataType=67&ReportType=5

OSHA (2018). Available from: https://www.osha.gov/
data/commonstats

Miles C, F G (2019). HSE Fatal Accident Statistics
2018/19 - an increase in workplace fatalities for 2018/19
[Internet]. Available from: https://www.dacbeachcroft.
com/en/gb/articles/2019/july/hse-fatal-accident-
statistics-201819-an-increase-in-workplace-fatalities-
for-201819/

Jabbari M, Ghorbani R. Developing techniques for
cause-responsibility analysis of occupational accidents.
Accid Anal Prev. 2016;96:101-7.

Guide E (2020). Working at Height.

Nelson ], Clifford A. Unobtrusive monitoring and
identification of fall accidents. Med Eng Phys.
2015;37(5):499-504.

Pomares JC, Carriéon EA, Gonzilez A, Saez PI.
Optimization on Personal Fall Arrest Systems.
Experimental Dynamic Studies on Lanyard Prototypes.
Int ] Environ Res Public Health. 2020;17(3):1107.

Irles R, Pomares JC, Segovia EG, Ferrer MB, Carrion
EA. Soft retention in height fall safety devices. WIT
Trans Built Environ. 2014;141.

Jabbaria M. Safety management and engineering. Book.
2019;3:12-23.

Baszczynski K. Effects of full body harness design on
fall arrest performance. Int ] Occup Saf Ergon. 2020:1-8.
Baugh L (2015). Personal Fall Protection Equipment
Use and Selection Guides [Internet]. Isea Use and
Selection Guide Personal Fall Protection Equipment,
Edition No. 1.

S P (2002). Harness suspension: review and evaluation
of existing information [Internet]. Health and Safety
Executive-Contract Research Report 451.

Beretta E, Lanfranconi F, Grasso GS, Bartesaghi M,
Alemayehu HK, Pratali L, et al. Air blood barrier
phenotype correlates with alveolo-capillary 02
equilibration in hypobaric hypoxia. Respir Physiol

9o

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Neurobiol. 2017;246:53-8.

Stewart AD, Gardiner M, MacDonald ], Williams
H. The effect of harness suspension on a simulated
maintenance task efficacy in the renewable energy
industry. Appl Ergon. 2021;90:103247.

Munn Z, Barker TH, Moola S, Tufanaru C, Stern C,
McArthur A, et al. Methodological quality of case series
studies: an introduction to the JBI critical appraisal tool.
JBI Evid Synth. 2020;18(10):2127-33.

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati
A, Petticrew M, et al. Preferred reporting items
for systematic review and meta-analysis protocols
(PRISMA-P) 2015 statement. Syst Rev. 2015;4(1):1-9.
Hsiao H, Turner N, Whisler R, Zwiener J. Impact of
Harness Fit on Suspension Tolerance. Hum Factors.
2012;54:346-57.

Turner NL, Wassell JT, Whisler R, Zwiener J. Suspension
tolerance in a full-body safety harness, and a prototype
harness accessory. ] Occup Environ Hyg. 2008;5(4):227-
31.

Lanfranconi E Pollastri L, Corna G, Bartesaghi M,
Novarina M, Ferri A, et al. The Elusive Path of Brain
Tissue Oxygenation and Cerebral Perfusion in Harness
Hang Syncope in Mountain Climbers. High Alt Med
Biol. 2017;18(4):363-71.

Hsiao H, Bradtmiller B, Whitestone J. Sizing and fit of
fall-protection harnesses. Ergonomics. 2003;46:1233-
58.

Hsiao H, Friess M, Bradtmiller B, Rohlf FJ. Development
of sizing structure for fall arrest harness design.
Ergonomics. 2009;52(9):1128-43.

Angles J (2013). Usability of Fall Arrest Harnesses
[Internet].

Beverly JM, Zuhl MN, White JMB, Beverly ER,
VanDusseldorp TA, McCormick JJ, et al. Harness
Suspension Stress: Physiological and Safety Assessment.
J Occup Environ Med. 2019;61(1).

Adisesh A, Lee C, Porter K (2011). Harness suspension
and first aid management: development of an evidence-
based guideline [Internet]. Emerg Med J 28(4):265-8.
Lanfranconi FELPMBMNVGDEVBLET (2019). Impact
of Hanging Motionless in Harness on Respiratory
and Blood Pressure Reflex Modulation in Mountain
Climbers [Internet]. High Alt Med Biol 20(2):122-32.
Hsiao H, Whitestone ], Kau T. Evaluation of fall-arrest

11€eP  oGus) /1 o)ladd /1€ sda )5 (ianl g Cublagy aslilnd


https://journals.tums.ac.ir/jhsw/article-1-6914-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-27 |

32.

33.

34.

35.

36.

37.

38.

harness sizing scheme. Hum Factors. 2007;49:447-64.
Hsiao H, Whitestone J, Taylor S, Godby M, Guan J.
Harness Sizing and Strap Length Configurations. Hum
Factors. 2009;51(4):497-518.

Hsiao H. Anthropometric procedures for protective
equipment sizing and design. Hum Factors.
2013;55(1):6-35.

Arteau J, Gomez HEP, Beauregard Y, editors.
Anthropometry and selection of full body harness:
beyond stature and body mass as selection criteria2018.
Gibbons W, Hecker S. Participatory Approach to
Ergonomic Risk Reduction: Case Study of Body
Harnesses for Concrete Work. Proc Hum Factors Ergon
Soc Annu Meet. 2000;44:5-687 - 5-90.

Fang W, Love PED, Luo H, Ding L. Computer vision for
behaviour-based safety in construction: A review and
future directions. Adv Eng Informatics. 2020;43:100980.
Lee UK KJH, Cho H, Kang KI. Development of a
mobile safety monitoring system for construction sites
Automation in Construction. 2009;18:258-64.

Osha T. the history of fall safety & the evolution
of personal fall protection equipmentT https://

1P olus) /1 s)laid /11€ sda (5 (iag) g Caiblagy aslibod

39.

40.

41.

42.

43.

44.

ohBas g $5)bs (W

wwwtractelcom/safetygate/history-of-fall-safety-fall-
protection-equipment/. 2019

Hino Y. Safety Performance of the Full Harness
in Various Falling Postures of Wearer. Procedia
Manufacuring. 2015;3:327-31.

Nam D, Kwon M, Kim ], Ahn B. Development of Pant-
Type Harness with Fabric Air-Pocket for Pain Relief.
Appl Sci. 2019;9(9):1921.

Baszczynski K. New test method with a hybrid iii
anthropomorphic dummy for textile safety harnesses.
Fibres Text East Eur. 2020;28(1):81-6.

Southard SA, Mirka GA. An evaluation of backpack
harness systems in non-neutral torso postures. Appl
Ergon. 2007;38(5):541-7.

Pomares Torres JC, Carrién EA, Irles Mas R, Gonzélez
Sanchez A, Segovia-Eulogio EG. Experimental Tests on
Personal Safety Devices for Falls from Height. 2018:69-
81.

Seddon P. Harness Suspension: Review and Evaluation
of Existing Information England: Her Majesty’s
Stationery Office, Health and Safety Executive (HSE).
2002.

Qop


https://journals.tums.ac.ir/jhsw/article-1-6914-en.html
http://www.tcpdf.org

