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Purpose: This study aimed to systematically review literature and conduct a meta-analysis to comprehensively
identify and evaluate the effects of workplace risk assessment-based ergonomic intervention on work-related
muscular-skeletal disorders in workers. Methods: We searched the Ovid-Medline, EMBASE, and Cochrane library
and up to 2018 using search terms such as muscular-skeletal, disorder, impairment, work-related muscular-skeletal
disorders, ergonomic, intervention, management with no language limitations; screened reference lists; and
contacted experts in the field. Results: We identified 545 references and included 13 randomized controlled tests
(3,368 workers). We judged nine studies to have a low risk of bias, while the other four studies have a high risk
of bias. Conclusion: Ergonomic intervention based on risk assessment in the workplace did not significantly differ
in terms of the intensity of pain or duration of workers in the workplace, but low-quality evidence decreased the
frequency of musculoskeletal disorder pain in three to six months moderate-quality evidence and in six to nine
months low-quality evidence. Besides, low-quality evidence to reduce discomfort and moderate-quality evidence
to improve worker posture. Therefore, ergonomic intervention based on the assessment of risk factors in the
workplace should be applied to reduce pain frequency and discomfort and improve workers posture among
musculoskeletal disorders.
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A Aozt 73 I oA FE=AFe] A7l Bl
9o o 3le S FAFstAY 2ol =& H o] g
A, A5 FAo] ddlo] Hof TRt Ajsid AW, £
A Gl FASHE F¢ 7 A EA St AU AH, o
72 QEHIRAL Al 5) T A (R 8, T
el ost 2 #HA 23S Tstrh(Industrial Accident
Compensation Insurance Act, 2019). 2t} A4 A3+ 57}
o3 ZEAA A GRS WHEE s 2, FAE A
AAHA, 723 F o AR 2 &, o7, B, 312, o] Sl o]
A A7 22 550 Uehte A 22 (Kim et al, 2013;
Ministry of Employment and Labor [MOEL], 2019), &7]
WA 9 A 27t o)A ZEA AR EEoIU T A2,
2k o] A A}, AR Ao ThE vl-8-57E 54 =AIE 25t
7] ©ItH(Oh, 2011; Bang et al., 2011). 2+ THA 22 FA &
T 2F Y F T MAA 2= 71 A=A A
AR, TR o o] AR, HHEARY 5 QA e QL 8.9lof &
3 = A7t BoBR o] F sty flslA= AA%
of el g QlAtel 79kt QIA|EEHE FA7F 2)--H ofoF &t
t}(eong, 2010; Kang et al., 2014).

T ol 4=2003E 74 AFAFA B R o] /| = A 2
A Z2AE o2 T AA R adxAL e
A, s 5 A HEA e oS A8 fea e
FaA7IEE =go] Jloftth. Aol Btakar 2 ¥
4 ZEAA A AL HE3] F7IskL ek (Bureau of
Labor Statistics U.S. Department of Labor, 2019; Kim et al.,
2013; MOEL, 2019). ¢]+= i8] o} 24 5 &=
A7 Agte] fafja.lof thigt &l glo] FAE Yoz 2
3tAY el aql Aol it $&2X)7} o] R 2] EF
7] 7o 2 AtgHrh(Jeong, 2010; Ko et al., 2013; Korean
Industrial Health Association, 2007; Korea Occupational
Safety and Health Agency [KOSHA], 2014). -3 2 Q1 2A}
off 7Ivkgt FA 22IH ) avE FES A+ = jle
™, ] Ao M= dFuteh Aol 2482 Al XSk A
ZhAA A & A At st 5 AlE A ST =3 A
Agtoluf Sl gt ax7} ekl AJAIZE A (Boocock
et al., 2007; Brisson, Montreuil & Punnett, 1999; Esmaeil-
zadeh, Ozcan, & Capan, 2014; Gatty, 2004; Laestadius et

A

o] Z40f nlxl=

al, 2009)7} Q= ¥, ZiRA 2} g o] A Alo] 287
A Aol Lt 4ol §-0J5 H3}7} §lrhar A4 A7 (Dries-
sen et al., 2011; Gerr et al., 2005; Mehrparvar et al., 2014;
Haukka et al., 2008; Ratzon, Bar-Niv, & Froom, 2016; Ri-
vilis et al., 2008) &= Tha= 2Agtct. T35, AA|F8H FA7t
27 A el A=t 3 AU dFE RS
U 2221 BAolu 2544 Ao S4He 4717
e S& A7 vt HuE A4 3= §lof(Maher,
2000; Robson et al., 2010; Leyshon et al., 2010) 7]&2] A+
S AGF Z2A] A&k ol dA7E AT

o Aol M ZAF =AY ZTAA S S BE %
A2 A% ARA QA SAE HslA = el adzAb 714k
3 A Z 5 FAle] Ajo] chal AA ol SFHH o= 7
B8k Ro| aslth ojo] & AT Ll 2RAE T
Aoz A fABARAE Vo B TBAA W3
374 Z2ago) G318 FEAoR AETo M 2 B
X 222 A oY 2 BE A AAH TAR
28 Agshart st

2. 97E2x

2 o] B 2 22 AE Ao 2 S 8 0 RAL
of 719kt QA E8HA FA7F ZEAA Aee| Sl A=
Ao s A|A 2 o2 nFste] T AAE AFshe
o Atk

e
1. d34A

B AT BAG DEAE PR G LR 7]
AAFTE FA7E 2BAA AR F4) WAL
2 A=) 9131 AR AAH ZANE 2 ALy AT
= Preferred Reporting Items for Systematic Reviews
and Meta-Analysis [PRISMA] E 31 2]Z]of wa} =3 =[]
t}(Liberati et al., 2009).

2. SHAM U MEH /WK 7|Z=

-0 X ="

Mo

E3ddA2 MEDLINE, EMBASE, Cochrane library
¢} DBpia, NDSL, RISS, KISS¢] A} doEjH| o] A F3]
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oz

MeSH¢{, EMTREE 53K (muscular skeletal AND (disorder*
OR impairment*)) OR work-related muscular skeletal dis-
orders) AND (ergonomic AND (intervention* OR manage-
ment))2] Aol Z3kst] 20184 129474%) ZAskgic.
299 e 2L (1) 2gae) 2eE gaoz o 47,

() Sala 1zt 75kt AATH FAHE HEF AT,
(3) 23 vlaE A7, @) AT H4E BEGE, 44
7 HlE), 27, Wo, ZRAle) sl Ak % shuet

£ EUD G2 A B IZE () 24 3
A7k obd @, @) el 25 AN

A0l 23He 259 A Hrke 3 A3 (The Co-
chrane Bias Method Group)o] 7t H[ &1 918 7t =+
(The Cochrane’s Risk of Bias)& AR5} T F21H9] vl 4, il
BeA] 23], AT} WoHRo] et W7, ATA B ZAR
g B, ESEst dpta B, AEA it B S 6 &
ol tiste] st e vlEY Hdo] Wa(-), =24 (’)

E5(HLE F7R8IAT Bk F e aAE 4
3FAL, ol o] Sl 735 =efste] Fefohe #@%ﬂﬁ‘:}-

AT 70T T

O

fraf g Qlzatol 71Hket Q1A E8HA A2 Ao et B
29l a337] B2 Cochrane Review Manager software
[RevMan 5.3.3]¢} Comprehensive Meta Analysis (CMA)S-
AHg1k Aol tfek B el 24 A o] e E
Z3}% Y a1=7](Standardized Mean Difference, SMD)Lt
A9 ¥ %= (0Odds Ratio, OR), WA ¥ B & #}57]2] Hedges’

g2 Tt A= .2, 95% AlZ|=F(Confidence Inter-
vals, CI)2 Ak}t Higgins, Thompson, Deeks & Altman,

2003). £3He ATEC] TAA o
9 (forest ploty & F5t0] SelslAck. w7 = 7 A7)

B Higgins Istatistic, 4
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F2S FYY 2o = 7Pt 7 R0 sk A
W W 3keko] oJaf At A S dhe 114 & 712 3 (Fixed effects
model)Z 2]-&5}1th. MA| A2 o] B3-S Bt ¢
3t 27| EY 93 (publication bias)S Zwj7] 21307 3+
olelH, AT AT 7 A robustness)2 2ASH| 9I5|
U =RAS 363

3 A F 54599 ZRo] gAEGleH, FEZT
(114%) A7 & 239 A=L Fa) 134502 4Y7|20] 3
7] 9he A7 UTRL WABI T, 24 02 B 28
N AT Bl A9E 22AE ez s g2 A9
), e dzAL 715k QAEeH FAH AT obd A5
(119), 2312} k= @72 47F shehe AXHA) 2 A
(GH), A9 iz AFEA 7} obd A (448H), 2FTHA|
A= AY ml&t A0F), 71EHGH, SLAT77E S5E
ARE ) & A 7IE00 AFetA] g A7+ 17182 v A
3} & 13% (Amir Houshang Mehrparvar, 2014; Arnetz,
Sjogren, Rydéhn, & Meisel, 2003; Baydur, Ergor, Demiral,
& Akalin, 2016; Driessen et al., 2011; Esmaeilzadeh, Ozcan,
& Capan, 2014; Gatty, 2004; Gerr et al., 2005; Greene, De-
Joy, & Olejnik, 2005; Haukka et al., 2008; Ketola et al., 2002;
Laestadius et al., 2009; Ratzon, Bar-Niv, & Froom, 2016;
Shiri et al., 2011)0] ZFE A of 23}=] QI ch(Figure 1).

B0 23 F 1309 A7 =8| S4L thew} 2}
(Table 1). A77} 2135 27he 0] 4, Weh= 39, 67] 2
0, 7 olo] Y gehe, 299, 0|22, ofek 2} 1wl o| 9k
F U E=2002E 3 E 2016714 0] 1, 20109 o] A HGt=7H,
2010 o] 5= 6%0]giek. Aol ZFHE thabA} 43,3687
(AEE 1,406%, T 1962%) 2.2 509 ofa} A7} 28
(15.38%), 50~100%4 3 (7.69%), 1007 ©]A+ 83 (61.54 %) 0] 3}
o} AR =g E-2 0%71 33 (23.08%), 20% ©|5) 7H
(53.85%), 20% oA} 3% (23.08%)°] SIch. AP ThAO] Mg
AFEE AFR8H= AFEZ 0] 8H(61.533%), 7L ] Z A 1H
(7.69%), AHE-2 T A2 w = E5H5E A1) 33 (23.07%) 0]
k.

g dRAbs AT AE PRl o2 AT, 2HARA,
27w, A AR, A AFY 5ol Hisf o] Fof R
™, AAEH A== e A, Bl A, g ==
I3 5ol ZLEH U BHEFAAIE TA Alto] AAIEA]



QOIEAf] 7|8t5H OlR|Z

Records identified through Additional records identified
= database searching through other sources
3 (n=544) (n=1)
=
=3
3 > duplicates removed
(n=114)
Records after duplicates removed
(n=431)
g Records excluded
n=24
v (n=247)
@
e Records screened
E (n=184) ; : =
= Full-text articles excluded, with reasons (n=171)
- Non-workplace worker (n=99)
"] -No risk assessment data (n=11)
\ 4 - Not appropriate outcomes (n=3)
= - Not appropriate research design (n=44)
G% Full-text articles assessed for eligibility - Unpublished data or abstract (n=9)
E (n=13) - Duplication (n=5)
<
\ 4
5
2»— Studies included in quantitative synthesis (meta-analysis)
g (n=13)

Figure 1. Flowchart of study selection for the systematic review and meta-analysis.

W2 AT AH)E A Yk o 2,564l it FAHEAE F
T % A7]= 370 vt 4, 37l A 671 w|Tk 63, 6
7R 49, 97l 291, 1071 1, 127]1 2 43, 187 D oj| A 2470
ol 10|91, 7} 25 Fal7|kol et AN E Ak 4
njo} A Ael ol Azisiol 240 Egsiach
TEAA S/ 138 BRo A ZZAA Ao Sl o
FHEAZ A=, 57 22 A /42 A (Nor-
dic Muscular skeletal Questionnaire, NMQ)¢} o] & =4t
AZA7H4E, 11 9] vl=A R H A 3| (NIOSH) &] A74],
Y dz=2] A& X](Dutch MSK Questionnaire, DMQ), ittt
AP EZAPAA Bl 9} m]= 4 & 9] 7}815] 9] Quick DASH (Quick
Disabilities of the Arm, Shoulder & Hand Score), 1= €] 5t3
EE5Z HEX](Northwick Park Neck Pain Questionnaire

NNPQ) 5ol ARGE It 54 FH= &, o, &, &=

312, ke Solglow, 42he] £9lo] e Ak Aanitt
ATt o] Hefste] wAje] ZYAHTE

E

=

rx

MO
ra

olof H|EE A ot 2

o

S0 2 A E 137 0] Bdlel et vl 919 Wt
A, B9 WA A HEY 9] Be Bl
117 (84.64%), F29] vl goleta 714-& 319

g
;

o]

A

O o]
A2 o2 AR EA| ot =T 79 2% (15.38%) 0] ATk Hi
A 2H|ol A= 63 (46,15%) 9] 3N HIEH HRel W
grom, 78 (53.85%) | Al "Bt = FIHE (it iR}, AT
Aol tet =7H ol A= 6% (46,15%) 2] ZRAMA BlEH HA
o] wgtom, 3% (23.07%) 2] AN ‘w5, 4% (23.07%) <]
oA S22 FrHE o A F7hRbe] gt ol

e
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Table 1. Characteristics of the Studies Included in the Systematic Review and Meta-Analysis (N=13)
Characteristics of population Assessment Intervention
(Alllltbl.;?;h ) Publish - Subjects - Risk-assess MSDs Ereonomic contents Time  Main Follllow-
P y country Tora  nclusion Exclusion tool (range) & (hour) outcome P
ref. no criteria criteria (month)
Arnetz Sweden 137 Sick worker - Musculoskeletal — Interview  Self-reported Q Active intervention with NR Sickdays 6,12
(2003)! SDs disorders not Returning work SRH outcomes
recovered return off sick day 1st semi instruct interview &
to work work site visits
improvement
2nd adaptation meeting
current capacity
Baydur Turkey 110 Computer - Upper body Checklist NPNPQ: 9items  Participatory ergonomic 225 Pain 10
(2016) worker chronic disease (0~4) training
(>10day - Pregnancy 1st training Implementation
/month) of exercises & relaxation
2nd risk identification &
solutions
Driessen Nether- 3,047 Company - Cumulative sick  Checklist DMQ: (1~4) Participatory ergonomic 6  Pain 3,6,9,12
(2011)° lands worker leave period Pain intensity training
<4 weeks (0~10) 1st ergo coach group meeting
- Pregnancy Duration (days)  2nd analysis of risk factors
3rd evaluate modify
implementation by
ergonomic measures
Esmaeilzadeh Turkey 69  Computer - Traumatic injury ~ Checklist NMQ; Knowledge and ergonomic 3  Pain 6
(2012)* worker or surgery Intensity VAS implementation Posture
history (0~10) 1st teach workstation Sick days
- Neuromuscular, Duration (1~5) self-assessment by Q
rheumatic or Frequency (1~6)  2nd self recognize risk factors
spinal disease UEFS (8~80) 3rd ergonomics workstation
- Pregnancy Sick leave (1~5) adjustments, evaluation,
modify
Gatty USA 15  Computer - Diagnosed MSD ~ Work site  Symptom Individualised work injury 4  Pain 4
(2004)° worker (last 3 month) analysis intensity Q prevention
(full time) (1~4) 1st individual work site
Frequency (0~5) analysis
2nd education, workstation
redesign, task modification
Gerr USA 375 Computer - MSDS in Checklist  Dutch MSK Q Individual workstation NR Pain 6
(2005)° worker anatomic Diary frequency (1~4) setting, ergonomic
(15h/week)  location adjustments postural
- Discomfort of intervention
intensity vas 1st workstation ergonomic
(0-10)>6 assessment and evaluated
Q (exposure and symptom
diary)
2nd adjustability of specific
equipment
Greene USA 87  Computer - Treated health Workshop NIOSH scale Active ergonomic training 6  Pain 12
(2005) worker care for cervical ~ RULA RULA (1~7) 1st workshops skill
(10 hours/ or upper Checklist development in
week) extremity workstation analysis &
disease personal ergonomic

assessment (stretching
exercise & ergonomic job
stress)

2nd workstation
modification

Contents NR=not report; Q=Questionnaire; NPNPQ=Northwick Park Neck Pain Q; DMQ=Dutch musculoskeletal Q; MSDs=musculoskeletal disorders;
NIOSH=National Institute for Occupational Safety & Health; NMQ=;Nordic Musculoskeletal Q; NPNPQ=Northwick Park Neck Pain Q; MSDs=musculoskeletal
disorders; OSHA=Occupational Safety & Health Administration ; REBA=Rapid Entire Body Assessment; RULA=Rapid Upper Limb Assessment; VAS=Visual
Analogue Scale; VDt=Visual Display Terminal Syndrome; UEFS=Upper Extremity Function Scale.
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Table 1. Characteristics of the Studies Included in the Systematic Review and Meta-Analysis (Continued)

(N=13)

Characteristics of population Assessment Intervention
Subjects 5
al:xtli}?;h ) Publish Inclusio:] S Risk—aslsess MSDs SexmrenE e "flime Main Follllow
rof. 10 country Total eriteria eriteria too! (range) (hour) outcome (i)
Haukka Finland 504 Kitchen - None Workshop  Self-reported Q Participatory ergonomic 28  Pain 24
(2008)° worker (full Dialy Sick leave training Sick days
time) (yes/no) st surveys Q
2nd promoted workshop,
seach diary, teach
ergonomic function.
egonomic changes,
relaxation, breaks,
modifications
Ketola Finland 109 Computer - None VDT Self-reported Q Intensive ergonomics 18  Dis- 12
(2002)° worker Checklist ~ Frequency (1~5) adjustments comfort
(>4h/week) Video NMQ discomfort  1st worksitelayout
recording  (1~5) environmental conditions
2nd adjustments workplace
measurements by video
recording
Laestadius Finland 1,167 Computer - None Individual NMQ Proactive ergonomics NR  Pain 18
(2009)" worker material ~ Mean daily 1st individual workstation Pro-
discomfort assessment ductivity
levels (1~5) (new furniture, educational decrease
Pain/strain (yes; material)
no) 2nd individual workstation
setup
Mehrparvar USA 164 Computer - Previous OSHA Self-report Q Ergonomic Job modifications 1.00 Pain 1
(2014)" worker (7h knownMSDs VDT NMQ: intensity 1st surveyed ergonomic
morning - Ergonomic checklist conditions & equipment
shift) hazards arrange
second job 2nd equipment arrangement
correct by ergonomic rules
Ratzon Iran 36  Hospital - Pregnancy REBA Self-report Q Personalized ergonomics 0.75 Posture 3
(2016)" worker - Previous Checklist REBA Score 1st analysis REBA risk factors
recognized (1~15) for work related MSDs
permanent 2nd teach mental stabilizing
disability exercises
pain & work situation study,
REBA
Shiri Israel 177 MSDs worker - Surgery plan Phone Survey Q (0~10)  Improvements ergonomics NR  Pain 12
(2011)" (started<30 - Malignancy discuss Self-report mean adjustments Sick days
days) treated sick days 1st physician phone discuss
- Fibromyalgia potential commodations
- Pregnancy (8~12w)

2nd workplace ergonomic
improvements (beneficial
recovery MSDs)

Contents NR=not report; Q=Questionnaire; NPNPQ=Northwick Park Neck Pain Q; DMQ=Dutch musculoskeletal Q; MSDs=musculoskeletal disorders;
NIOSH=National Institute for Occupational Safety & Health; NMQ=;Nordic Musculoskeletal Q; NPNPQ=Northwick Park Neck Pain Q; MSDs=musculoskeletal
disorders; OSHA=Occupational Safety & Health Administration ; REBA=Rapid Entire Body Assessment; RULA=Rapid Upper Limb Assessment; VAS=Visual
Analogue Scale; VDt=Visual Display Terminal Syndrome; UEFS=Upper Extremity Function Scale.

Al 43 (30.76%) ] B34 HEH $1o] FokoH, 1H
TAF Tt AR Tt W Al
Al o5 Fo] eS| A=A g2 8H 9| (61.53%) w4l
‘B2 BGrhE Qloh Ae A A3 Bk E9bde Avkal

(7.69)2] E# A

‘=0’ o

ITa s

ol

2. M

1

ot1 A7} 224

A Z2AE L2 Fej a2t 7Rkt JA1E
A g S Al T8 ade T

RO A= 137 (100%) 2] EA oA Aitol| 8= HI1E o 5, =0, B Y, AN G 3} A SHo A et
£’ 0 2 B7}54it}(Figure 2).
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Random sequence generation (selection bias) _:I
Allocation concealment (selection bias) _:I
Blinding of participants and personnel (performance bias) _:-

Blinding of outcome assessment (detection bias) _

Incomplete outcome data (attrition bias) _
Selective reporting (reporting bias) _

0% 25%

0%

75%  100%

| .Low risk of hias |:|Unclearrisk of hias

[l Hioh risk of bias ‘

Figure 2. Risk of bias graph.

1) &%

D) 7=

59 Bt F 1584 Bawglom, f3ag1xAk
718ke A F A FA 7 A8 H A o] ol vl #
#3515 Hatx}o|(Standardized Mean Difference, SMD)

-0.03 (95% Confidence Interval [CI] -0.09, 0.04, p=.390)=
SAANCE F3 Aol e, £ o] -AES T
(’=5.08). 3% 3¥a]7|7ko] wha} 370 wigt, 374 Ao A 674,
67 dollA 971, 97l Lol A 127019, 127 E o] 2] SMD+= 2}
2} 0.00 (95% CI -1.05, 1.05), -0.13 (95% CI -0.40, 0.14), 0.00
(95% CI1-0.14, 0.14), 0.01 (95% CI -0.11, 0.09), -0.09 (95% CI
-0.23,0.05)2 A& 0 2 §-23t 2}o]7} ¢l ith(Figure 3-A).

(2) A1&717k

TS Y AE7I7E F 6ol A HALE| gl on, {8 QAL
of 715kgt AAFH FA7E A8 Aol izl B3]
F 23515 W7o (SMD) -0.03 (95% CI -0.09, 0.03, p=.301)
o2 ZAFORE Fost ol flolen, Bt oA W
QIThH(I’=0). 3 2] 7]7to) what 671 LollA 9714, 97 Lol
A 120, 12709 ©]Z2] SMDE= z+z} 0.00 (95% CI -0.15,
0.15), -0.33 (95% CI -0.13, 0.07), -0.05 (95% CI -0.15, 0.05) 2
SAA L2 {5k o)zt ¢l Tk (Figure 3-B).

@) =

B2 HIEL & 7HA HuEgoH, §512lRAl
7)uket AAFEA FA7F A" Agzo] trol vl
Hedge's g -0.48 (95% CI-0.81, -0.16, p=.004) 2 EA Ao 2
GoJahA Zastga, BTk o] A4S Wkth’=28.64). 3
S B 7| 7tof whek 371 Y ] atkefl+=-0.25 (95% CI-0.67, 0.18)
2 BAHoz o3t Aol Aot 3~6/Y, 6~971Ye]
Hedge’s g= Y7} -0.67 (95% CI -1.19, -0.15), -1.43 (95% CI
2.58,-0.28) 0 & EA| & 0 & 9 olg} z}o|7} 9 9 h(Figure 3-C).
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= | Blinding of participants and personnel {performance bias)

- | Random sequence generation (selection hias)

Arnetz 2003

- . Blinding of outcome assessment (detection bias)

-

Baydur 2016

Driessen 2011

Esmaeilzadeh 2014

| @ @ ® @ |~nocation conezalment selection hias)

)
~ 90006666

Gatty 2004

Gerr 2005

Greene 2005

Haukka 2008

Ketola 2002

Laestadius 2009

50000666006
)

Wehrpanar 2014

Ratzon 2016

]
POOO OSSO O O G O O nompleeoutome data (atiion bias)
PO O OGS O O e e O :cktermeorng reportng bias)

Q=
Q=
S| @

Shirt 2011

2) =W

e 2o A Haugglom, AddFto] o] Hs|
SMD -0.43 (95% CI -0.81, -0.04; p=.029)& EA|H o2 §9]
S st AL, B3KE oIS WAUTHI=0). 35 w)7)
Ztel uk2t 3709 w]gt Hedge's g&=-0.57 (95% CI-1.11, -0.03)
O 2 FAACRE FORE Abo|7} Ao, 994 127 dofl=
-0.29 (95% CI -0.82, 0.25)2 B4 & 02 G903} 2}o]&= ol
Qlc}(Figure 3-D).

Mo oo

gl
]

3) 97t

371212 23l 4 1319} OLfAFAAES] 4] (Odds Ratio
[OR]) 0.8 (95% CI0.5,1.3) 0.2 EA| & 0 & 9 0]3} o] = o}
Ygie.

4) ZHJAA|

ZHAAAE 3ol A HaE|glon], Ajo] thzo] v]
3 SMD -1.83 (95% CI-2.18, -0.67; p <.01) .2 EA A o2 &
J81A] A3t H oL HHTF o] AL FIHP I GrH(I’=41.93)
(Figure 3-E).



Model Group b Study name Std diff in means and 95% CI
Subgroup WIthin study Lower Upper
limit limit  Z-Value p-Value
100 Gaty(2004) Jow back 1.000 00m  08% 02 1048 108 000 1000
Fixed 100 00m 0S5 02 1048 108 000 1000
Rancom 1.00 00m  05% 02 1048 108 000 1000
200 Gatty(2004) low back 2000 089  0%7 Q&2 1670 053 0985 025
200 Gatty(2004)_shouicer 2000 029 0s® 0313 137 0815 050 0617
200 Gaty(2004) upper extremity 2000 0219 088 0311 1312 08B 032 065
200 Gaty(2004) neck 2000 081 0%7 0@ 162 050 0972 01
200 Shi (2011)_upper extremity 2000 00m 015 007 033 0®3 000 1000
200 Gatty(2004)_upper back 2000 050 0S8 Q@I 160 050 094 0340
Fixed 200 018 018 001 038 012 080 033
Random 200 0128 018 0019 039 012 090 0%
300 Driessen(2011)_neck 3,000 000 0079 008 018 01 000 1000
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-4.00 -2.00 0.00 2.00 4.00
Favours A Favours B
D. Discomfort
Model Study name Statistics for each study Std diff in means and 95% Ci
Std diff  Standard Lower Upper
in means error Variance  limit limit  ZValue p-Value
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Figure 3. Forest plot of effect size by risk assessment based ergonomic intervention on work-related muscular skeletal disorders symptoms.
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Figure 4. Funnel plot of pain outcome by risk assessment based ergonomic intervention on work-related muscular skeletal disorders symptoms.
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