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Abstract

The majority of female batik workers usasn-ergonomic chair@ingklik) that pose risks of musculoskeletal disorders.
This study aimed to design an ergonomic chair araluate its effectiveness in reducing musculoskéldisorders
among the workers. This is a quasi-experimentalysfusing one group pre and post-test design) ofebfle batik
workers selected by quota sampling. Musculosketéisairders were measured among the samples befdrefeer the
use of the designed ergonomic chair which they vasied to use for two months. T-test, ANCOVA, Wxono test,
McNemar test and Chi Square test were used foarldysis. The study found statistical significaiftetlences of risk
factor against musculoskeletal disorders amongubriers before and after their use of the desigrgdnomic chair
(p< 0.05); and of musculoskeletal disorders beford after using the ergonomic chair (p= 0,035).\Bbthss Index
(BMI) was identified as a confounding factor, andtistical significant difference of musculoskeledésorders were
also found among the workers with <25 and >25 BMdrebefore and after using the ergonomic chair (@3® and
p=0.015 respectively). By ANCOVA statistical tesafter controlling BMI, another statistical differe of
musculoskeletal disorders was also identified ketord after using the ergonomic chair (p=0.033% ¢oncluded that
the designed ergonomic chair is effective to redbeerisk of musculoskeletal disorders.

Abstrak

Pengaruh Pemakaian Kursi Ergonomis terhadap Ganggua Muskuloskeletal pada Pekerja Wanita Batik Tulis

di Kabupaten Sragen.Sebagian besar posisi kerja pekerja batik tulBrdgen tidak ergonomis, sehingga berisiko terjadi
gangguan muskuloskeletdtenelitian ini bertujuan untuk mendesain kursi aggois dan menilai efektifitas desain
kursi terhadap gangguan muskuloskeletal pekerjatavhatik tulis.Jenis penelitian adalah eksperimental quasi dengan
pendekatamne group pre and posttest design. Populasi adalah seluruh pekerja industri Baté&g8n. Teknik sampling
guota random sampling. Sampel sebanyak 50 orang diukur tingkat risikpakahan gangguan muskuloskeletalnya
sebelum dan sesudah menggunakan kursi ergonontesjBrya, dilakukan ujiMlcoxon test, McNemar test, danChi
Sguare test. Perbedaan tingkat risiko keparahan muskuloskesetaélum dan sesudah menggunakan kursi ergonomis
(p< 0,05). Terdapat perbedaan keluhan muskulosfedlebelum dan sesudah menggunakan kursi ergoifpr@igd35).
Indeks massa tubuh teridentifikasi sebagaifounding factor karena terdapat hubungan yang signifikan terhadap
gangguan muskuloskeletal, baik sebelum maupun absueénggunakan kursi ergonomis (masing-masing g30jan
p=0,015). Melalui ujiAncova, confounding factor dikendalikan, diperoleh hasil uji yang tetap sfidggain (p=0,033).
Kursi kerja ergonomis menurunkan risiko keparah@amgguan muskuloskeletal.

Keywords: ergonomic chair, musculoskeletal disorders

Introduction centers of batik industry in Central Java is lodaite
Sragen, and it absorbs thousands of workers across

UNESCO has categorized Indonesian batik as an various districts. The batik production in Sragakes

intangible cultural heritage which has been ralifie  the form ofcap (stamped)tulis (hand-drawn), print and

through the Presidential Decree Number 78 Year 2007 cabut (combination oftulis and print) (Sragen Local

on the ratification of UNESCO convention. One o th  Government, 2010).
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A health impairing risk on batikulis workers stems
from the monotonous sitting posture on an excedyling
low dingklik (short batik-crafting stoolgausing them to
hunch over during work. This indicates an inconigati
lity between the workers’ anthropometric dimensionl
the work facility that poses the risk of musculdska
disorders. According to Helander (1995), a longqaer
of hunched over posture will result in musculostale
disorders-related complaints regardingjtiat angle?

Protection for batiktulis workers may be conducted
through approaches in ergonomics and occupational
health by adjusting the size of work facility to dyo
dimension in order for the musculoskeletal system t
not be disrupted. This research aimed to design an
ergonomic chair and evaluate the chair design
effectiveness against musculoskeletal disordetsatik
tulisfemale workers.

As a consideration to improve the chair design, the
writer used Ovako Working Analysis System (OWAS)
method with observations that found workers had
hunched and twisted back posture (score 4), pasitfo
both arms being under shoulder height (score 1),
kneeling leg position (score 6) and ten kilogranis o
supported weight (score 1). Furthermore, the result
were combined based on OWAS value table for risk
categories, and the combined postures were foubé to
at risk category 4.

The value resulting from OWAS was then classified
based on risk categories consisting of the effett o
musculoskeletal system and its corrective actidie
categories are as follow: (1) Risk 1 of normal post
without affecting the musculoskeletal system (lasky
which does not require any correctives; (2) Riskf2
posture that potentially inflicts damage on the
musculoskeletal system (medium risk) which may need
corrective action; (3) Risk 3 of posture with darmyes
effect on the musculoskeletal system (high riskjcWwh
requires immediate correction; and (4) Risk 4 afhhy
dangerous effect to the musculoskeletal systemy (ver
high risk) which requires corrective action to lzeried
out as soon as possibié.

Based on the OWAS value, observation results
indicated the risk 4 category that requires a @tioa in

the posture of female batik workers. In this tethe
writer proposed the correction by changing the \ark
posture from hunching over ondingklik to sitting on

an ergonomic chair that suits the worker’s anthnogioy.

Methods

The type of research is quasi-experiment through
preventive intervention approach, and it used aoem
pre and posttest design with the research deshpnse

as presented in Figure 1.
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The research population of 300 to 600 workers was
made up of the entire female workers in the batils
division of Sragen District's batik industry. The
sampling technique used was quota random sampling
with its inclusion criteria defined beforehand. The
criteria for inclusion comprised of workers of tfegnale

sex from batik-crafting occupation who used the
working posture of sitting on dingklik with the stool
height under their knee level when sitting. Frome th
population, the number of samples was determined
before the random sampling was carried out forghos
who fulfilled the criteria. The number acquired ity
workers. Moreover, assessment on the level of
musculoskeletal disorders was conducted before and
after the use of ergonomic chairs (the designedkwor
chair). The length of time to use the ergonomicirsha
was two months.

Wilcoxon statistical analysis test was used to dram
the difference between workers’ musculoskeletal
disorders before and after using the ergonomicrshai
To test whether there were any differences between
musculoskeletal disorders before and after the

treatment, McNemar test was used. Meanwhile, to
identify the risk factors affecting musculoskeletal
disorders, Chi square test was used.
0 — (X) —_— > 0,
Figure 1. Research Design Scheme
Description:
O, : Sample group before treatment

(X) :Treatment
O, : Sample group after treatment

Nordic Body Map questionnaire, which its assessment
uses the four point Likert scale, was used to exalthe
musculoskeletal disorders in the workers. Everyeoo
value has an operational definition described Hsvis:

(1) Score 1 means that there are no disturbaneetsor
any sense of pain felt by the workers (does naf)h{#)
Score 2 means that there is a minor disturbaneeisor
the skeletal muscle (minor hurt); (3) Score 3 maaas
respondents felt a disturbance/sore or pain in the
skeletal muscle (hurt); and (4) Score 4 means that
respondents felt a very painful or sore disturbandee
skeletal muscle (very hurtfuf).

Furthermore, individual total scores were calculate
from the entire skeletal muscle disorder scoreh®28
observed skeletal muscles. On this four point Lliker
scale design, the lowest individual score is 28 tmad
highest score is 112. A simple guideline in deteing
the qualification of skeletal muscle risk level
subjectivity is detailed as follows: (1) Action kvl
with individual total score of 28 to 49 has a loiskr
level and does not require correction; (2) Actiendl 2
with individual total score of 50 to 70 has a mader
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risk level and may require corrective action in the
future; (3) Action level 3 with individual total epe of

71 to 91 has a high risk level and requires imntedia
corrective; and (4) Action level 4 with individusdtal
score of 92 to 112 has a very high risk level aglires
that a complete corrective action be carried owtcm

as possiblé.

Results and Discussion

Ergonomic chair design.Anthropometric measurement
of 50 samples were conducted and consisted ofgpitti
knee height, buttock-popliteal length, seat breaatd
back height. Afterwards, in reference to Nordic Bod
Map, workers’ level of musculoskeletal disordersrave
measured before and after using the ergonomic hair
which were designed based on data of workers’
anthropometrical measurements for the research.

The design basis utilized the dimension of sittkmge
height (fifth percentile), buttock-popliteal lengtFifth

percentile), seat breadth (ninety-fifth percenti)d
back height (ninety-fifth percentile), as well aset
measurement of looseness.

Work room description. Distance between workers
was less than one meter in order to save costsal@m
way for stove and pan procurement. One stove and pa
filed with wax was shared amongst five to seven
workers and limited their movement. Moreover, the
workers conducted monotonous motion and a non-
ergonomic working posture of a hunched over sitfarg
seven hours per day. This condition persisted ag &3
their tenures last.

97

Description of batik-crafting stool (Dingklik). Dingklik

is used by batikulis workers (the batik crafters) to sit
during their work. The exceedingly lowesign of
dingklik makes for a hunched over, monotonous and
non-ergonomic working posture. The average dimensio
of dingklik is measured at 32.1 cm long, 25.5 cm wide
and 14.4 cm high with no backrest (Figure 2).

Designed chair.Ergonomic chair for the batik workers
was designed based on the anthropometric measuremen
data of the workers. It covers sitting knee heighttock-
popliteal length, seat breadth and back height. ddta
description of batik female workers’ anthropometric
measurement result is statistically presented iela.

Based on Table 1, design of ergonomic chairs farafe
batik workers was made with the chair dimensiommswsh
in Table 2. The workers need to straighten thejs lm
order to relax more while they work since theirdege
also used to support the patterned cloth. Therefiata on
chair height was reduced by five cm, and afterwattus
dimension/measurement of the ergonomic chair waema

Figure 2.“Dingklik” Stool

Table 1. Data on Workers’ Anthropometric Measurement

Statistical Description

Sitting Knee Height (cm) tiek-Knee Length (cm)Seat Breadth (cmBack Height (cm)

Minimum 31.00 30.60 29.10 30.10
Maximum 40.90 51.20 40.80 44.60
Average 35.98 42.85 35.00 39.46
Fifth Percentile 33.39 38.74 30.85 35.73
Ninety-Fifth Percentile 39.49 48.27 39.73 42.46
Table 2. Dimension of the Designed Work Chair

Chair Measurement Percentile (%) Size (cm)
Chair Height, based on Sitting Knee Height data 5 3.38
Chair Length, based on Buttock-Knee Length data 5 8.78
Chair Width, based on Seat Breadth data 95 39.73
Backrest Height, based on Back Height data 95 42.46

Makara J. Health Res.
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The workers’ need to straighten their legs in ordebe
more relaxed during work since the legs are aled ts
support the patterned cloth. This caused the datdhe
sitting knee height to be reduced by five cm. Moe¥o
the ergonomic chair is made with the following
measurement/dimension:

Work chair height =(33.39-5.0) =28.39 cm

Work chair length =39.74 cm
Work chair width =39.73cm
Backrest =42.46 cm

Description of size comparison betweedingklik and

the designed chair.The comparison of size between
dingklik and the designed ergonomic chair is exhibited
in Table 3.

Description of sitting posture comparison before ad
after using the designed ergonomic chair.The
description on workers’ sitting posture before afigr
using the designed ergonomic chair is as follows:

Workers’ sitting position before using the designed
chair (whendingklik was still used): (apingklik height
was too low, and the feet were unable to relax. (b)
Dingklik length was too short, pressuring the upper legs
(thighs) and blocking blood flow. (dpingklik width
was too narrow, so the buttocks were not fully cede
(d) Dingklik was without backrest and wearied the

workers. (e) Seat cushion was made of hard material

which caused pressure on blood flow in the thighs.

Workers'’ sitting position after using the desigrodtir:

(a) Chair height suited the height of hollow of #ree
and relaxed the leg position. (b) Chair length ratc
the upper leg length and the seat cushion wasBoth
released pressure on the thighs. (c) Chair width iwa
accordance with the seat breadth making the sees¢ mo
comfortable. (d) Chair was furnished with backrest
that the back may rest and weariness was reduegd. (
Seat cushion was covered in sponge to reduce peessu
on blood flow in the thighs.

This design concept was implemented from the
suggestion of Wignjosoebroto (2003) in avoidingsles
comfortable work posture and position. Therefohe t

high frequency or long period of hunching over fioe
workers’ working posture and position should dezlin
This is the reason why the work station design Ehou
consider its work facilities such as work tablesd an
chairs®

Description of severity levels in musculoskeletal
disorders before and after using the designed
ergonomic chair. Table 4 displays the description of
data on severity levels of the musculoskeletalrdiscs.
The risk of musculoskeletal disorders showed aitkecl
of high risk level cases from 33 cases (66%) t@$es
(12%). On the other hand, low risk level musculos-
keletal disorder cases increased from 2 cases @23
cases (46%).

Statistical test on severity level differences in
musculoskeletal disorders before and after usirgy th
ergonomic chair (Table 4). Statistical test on
musculoskeletal disorder differences before aner aft
using the ergonomic chair (Table 5).

The McNemar test results presented significant wutp
on p=0.035 (p<0.05). This demonstrated the diffegen
on workers’ musculoskeletal disorders before arter af
using the designed ergonomic chairs.

Figure 3. The Designed Chair

Table 3. Size Comparison between Dingklik and the Begned Chair

Size Dimension Dingklik (cm) Work Chair (cm) Deviation (cm)
Height 14.4 28.39 13.99
Length 32.1 39.74 764
Width 25.5 38.73 13.23
Armrest None 42.46 -

Seat Cushion None Sponge -

Makara J. Health Res.
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Table 4. Wilcoxon Test Results
Risk Level
: : YA p
High Medium Low
Before 33 15 2 -4.990 0.000
After 6 21 23
Table 5. McNemar Test Results
Musculoskeletal Disorders _
Disorders Found No Disorders Found P Conclusion
Before 33 17 0.035 Significant
After 6 44
Table 6. Chi Square Test Results on Musculoskeletaligdrders before and after Using the Ergonomic Chair
o Disorders before using Ergonomic Chair )
Characteristic p Conclusion
Found Not Found
Age > 40 years old 9 9 0.073 Not Significant
Age <40 years old 24 8
Tenure >8 years 17 9 0.924 Not Significant
Tenure < 8 years 16 8
BMI > 25 kg/nf 16 3 0.033 Significant
BMI < 25 kg/nf 17 14

The batik-crafters’ musculoskeletal disorders cdusg
incorrect working position is in line with the statent

of Suma’'mur (2009) which specified that body postur
and work position that are incorrect or exceeding a
person’s capacity will cause lower back pain (LBP).
The sense of pain incurred can disturb the work.

Musculoskeletal disorders in female batik-crafters
resulted from the potential physiological dangemiwg
from unfitting application of ergonomics that domast
correspond to existing ergonomic norms, which cover
working posture and position that satisfy ergonomic
standards.

Correlation of age, tenure and body mass index {BMI
against musculoskeletal disorders before and afieg
the ergonomic chair (Table 6).

Test results for the difference of severity levielshe

ergonomic chairs usage showed significant outcasnes
p=0.000 (p<0.05). Thus, case of musculoskeletardé&s

Makara J. Health Res.

when workerswere usingdingklik was higher than
when they were using the designed chair.

Test results in Table 6 exhibited that there wassla
factor affecting musculoskeletal disorders othantthe
usage of stool. The risk was BMI on p=0.033 (p<P.05
Meanwhile, age and tenure had no effect.

Correlation between BMI and cases of musculoskeleta
disorders had also been brought up by Punnet (2004)
who stated that BMI is related with musculoskeletal
disorders, and the same opinion was given by Samara
et al. (2005§ Low BMI poses 2.3 times higher risk of
LBP than normal BMI.

Musculoskeletal disorder differences before and
after using the ergonomic chairs with controlled
confounding factor. There turned out to be a
confounding variable of BMI which still affected
bivariate test results. Due to that, a further Répd
Ancova test was done to identify any musculosktleta

August 2014 | Vol. 18 | No. 2
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differences before and after the workers use engono
chairs. This was done by controlling the BMI vatigb
and its test results are provided in Table 7.

After the BMI variable was controlled, the testuks
were still at a significant point with the value of
p=0.033 (p<0.05).

All the research samples were female workers froen t
batik tulis division with non-ergonomic working posture
of sitting on adingklik. The stooldimension was very
low and forced the workers’ legs to be straightened
bent. Meanwhile, the legs should have been position
with a natural bend, and the chair height shouldeha
matched the workers’ popliteal height. Tlaéengklik
length was also too short, and should have
accommodated the length from the hollow of the kioee
the sacral area. Moreover, thiengklik width, which
should have matched seat breadth, was too narrdw an
limited the space for workers to move about duthejr
work. In general, thelingklik design is not ergonomic,
and can cause risks of musculoskeletal disordetkan
form of pain in the back, neck, wrist, elbow andtfe

The illustration on severity risk levels of muscheletal
disorders in the 50 workers before they used engino
chairs showed that 33 workers (66%) were in thd hig
risk category, 15 workers (55%) in the medium askl

2 workers (40%) in the low risk. For the high riskel,
corrective action needs to be immediately carriatl o
The illustrative confirmed that corrections in then-
ergonomic dingklik need to be taken into special
account since the majority of workers (66%) areaat
high risk level.

Sitting for long periods of time is one the causés
frequencies in LBP with 39.7-60% occurrence rate in
adults. Furthermore, Samara (2004) stated that long
sitting posture and position (of more than four fisdpu

corrective action suggested to the workers in the
medium risk level is to have the corrective actlmm
carried out sometime in the future. Meanwhile, sk
leveled workers do not yet need corrective actions.

This showed that after using ergonomic chairs, the
levels are satisfactory since there is a declinghim
severity risk level of musculoskeletal disorders.
Formerly, most of the risk levels fell into the egory

of high and medium, while afterwards, they declited
medium and low.

Correction of the work chair design was carried iout
accordance with workers’ anthropometric dimensions,
and had them equipped with sponge seat cushion. The
ergonomic chair can already now reduce the rigkirefct
pressure on the soft tissue in the thighs. Moredher
usage of ergonomic chairs will provide natural wogk
posture that decreases skeletal muscle disturbance.

This illustration of research results exhibited gaence
with the opinion of Nurmianto (1996) who statedttha
incorrect sitting posture causes back problems.KRéfar
with incorrect sitting posture will suffer from HBac
problems since pressure on the backbone will iserea
during sitting, compared to the pressure duringditey

up or laying down. If it is assumed that the presssi at
100%, a tense and rigid sitting posture may cahee t
pressure to rise to 140%. Meanwhile, a hunched over
sitting posture will increase the pressure to 198%.

A research by Anjani et al. (2013) found that by
improving the ergonomics of chair design for batik-
crafters, Posture Evaluation Index (PEI) can decfor
the design in the size range of fifth and ninefthfi
percentile**

This result is in line with similar research contheatby
Pratomo (2006) who found a correlation between work

causes tension and strain in the back muscles andchair and back pain complaints of weaved sarong

ligaments that caused LBP. Moreover, the hunched ov
sitting position adds strain on the posterior |oudjinal
ligament which inflicts pain and may increase the
pressure in the intervertebral disc.

The exemplification of musculoskeletal disorderkris
levels in the workers after their two months usage
ergonomic chairs showed that 6 workers (12%) are in
the high risk level, 21 workers (42%) in the medium
risk and 23 workers (46%) in the low risk level.€Th

workers who worked with ATBM (Non Machinery
Weave-Making Tool) in Pemalang, Java.

The risk factors that were statistically calculatedhis
research consisted of age, tenure and Body Magx.Ind
The statistical tests showed that workers of the ag
above and below 40 years old are not statistically
different in regards to their musculoskeletal diss.
This finding is identified for both when before thase

the ergonomic chairsy{=3.209; p=0.073), and after

Table 7. Test Results of Musculoskeletal Disorder O#rences before and after Using the Ergonomic Chaiwith Controlled

BMI Variable
Condition Musculoskeletal Disorders Score F p
Before 70.361+6.394 4.806 0.033
After 52.54+8.888

Makara J. Health Res.

August 2014 | Vol. 18 | No. 2



Effectiveness of Ergonomic Chair against Muscul oskel etal

their usage (p=0.075). This research finding stifezrys

the previous research of Riyadina et al. (2008) who
concluded that there are no differences for the age
groups above and below 40 years old (OR=1.24; 95%
Cl: 0.94-1.64)3

The statistical tests showed that tenure of abowt a
below 8 years also were not statistically differ@mt
regards to musculoskeletal disorders. The indiffeee
happened both before the use of ergonomic chairs
(x*=0.009; p=0.924) and afterwardg<0.952; p=0.329).
This supports the research of Pratiwi et al. (20089

also stated that tenure does not affect musculetiel
disorders. However, this research categorizedetheré

of above and below five years (p=1.088).

Another statistical test on another risk factorBafdy
Mass Index (BMI) showed that the BMIs that are abov
and below 25 kg/fare statistically different in regards
to musculoskeletal disorders. The difference oezlrr
both before *=4.529; p=0.033) and after’€5.947;
p=0.015) using the ergonomic chair. This backs the
research of Widodo et al. (2008) who stated thaitetlis

a quite significant correlation between corpuleacel
increase of lumbar curve with the value of t=3.016
(t>ts9)."° It means that there is a correlation between the
two, and the coefficient determinant was 38.07%cWwhi
means that the contribution of corpulence towands a
increase in lumbar curve is as much as 38.07%. iEhis
in line with the statement of Siswono (2003) whalsa
that the more obesed a person is, the clearerrhigro
motlcgric function disturbances and proneness t@shn
are.

Conclusions

Size of the designed ergonomic chair for femalekbat
tulis workers in Sragen District is 28.39 cm high, 39.74
cm long and 38.73 cm wide with backrest height of
42.46 cm and sponge seat cushion. Risk categoejslev
of musculoskeletal disorders for the workers wheyt
useddingklik were 66% of high risk, 30% of medium
risk and 4% of low risk.

The risk category of musculoskeletal disordersha t
workers after using the ergonomic chair for 2 menth
showed a high risk level of 12%, medium risk of 42%
and low risk of 46%. There were differences in tis&
severity level of musculoskeletal disorders befanel
after using ergonomic chair (p<0.05); and in
musculoskeletal disorders before and after using
ergonomic chair (p<0.05). An influential risk facto
towards musculoskeletal disorders was Body Mass
Index (p<0.05).

To reduce musculoskeletal disorders, batiks workers
should use ergonomic work chair. Moreover, there

Makara J. Health Res.
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should be a program to “idealize” the workers’ wjg
for example, regular exercise, dieting and othéort,

as well as occupational health coaching conducted b
related governmental agencies.
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